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Annual  Report  of  the  Chief  Inspector  of  Factories. 

The  annual  report  of  Mr.  Whitelegge,  ihe  Chief  Inspector 
of  Factories,  is  a  striking  retlex  of  war  conditions.  Its  bulk 一 it 
only  amounts  to  15  pages  all  told,  as  compared  with  133  pages 
last  year  and  270  pages  of  a  couple  of  years  ago ― migat,  at 
first  glance,  be  taken  as  a  measure  of  the  scarcity  of  paper, 
but  as  a  matter  of  fact  the  attention  of  the  staff  of  inspectors 
lias  been  mainly  occupied  with  tlie  access  of  special  duties 
which  have  fallen  on  the  Factory  Department  of  the  Home 
Office  ill  connection  with  the  dilution  of  labour  necessitated 
by  the  transference  of  so  large  a  section  to  the  army,  and  the 
report  deals  only  this  year  with  this  section  of  its  duties.  The 
task  was  undertaken  jointly  with  the  Board  of  Trade  at  the 
request  of  the  Army  Council,  and  the  principal  difficulty,  as  we 
know,  arose  from  the  opposition  raised  by  the  trade  unions  to 
the  suspension  of  their  rules  and  customs.  Guarantees  were 
demanded  that  those  who  left  the  ranks  of  labour  to  join  the 
Forces  should  have  their  places  kept  open,  that  at  the  end  of 
the  war  there  should  be  a  return  to  former  conditions,  and  in 
the  meantime  there  should  be  a  fair  settlement  of  wage  ques- 
tions affecting  women  or  other  labour  called  in  to  take 
the  place  of  men  transferred.  In  most  of  the  trades  concerned 
there  was  little  difficulty  in  arriving  at  agreements  between 
the  official  trade  union  representatives  and  the  other  parties 
concerned.  There  have,  it  is  true,  been  some  very  regrettable 
exceptions  to  this,  especially  in  the  engineering  trades,  but  the 
majority  of  these  have  arisen  out  of  the  action  of  sectional 
bodie^s  of  workmen  instigated  by  "  shop  delegates/'  as  in  the 
case  of  the  strike  which  occurred  at  Vickers'  works  at  Barrow 
during  the  past  week,  where  5,000  engineers  refused  to  recog- 
nise the  Joint  Trade  Committee,  representing  the  various 
trade  unions,  and  elected  a  body  of  "shop  delegates,"  who  took 
ap  the  position  that  there  should  be  no  dilution  of  labour, 
and  decided  by  a  majority  to  strike,  notwithstanding  that 
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their  action  was  repudiated  bv  the  Executive  Council  of  ilie 
Amalgamated  Society.  To  1  lip  satisfaction  of  every  true 
citizen  the  Goveniiiieiit  took  strong  action.  All  picketing 
was  forbidden,  public  houses  were  closed,  the  recalcitrants 
were  warned  that  failure  to  resume  work  would  he  followed 
by  proceedings  under  the  Defence  of  the  Kealin  Act  against 
the  instigators  and  under  the  Munitions  of  War  Act  against 
the  others,  with  the  result  that  the  strike  at'  once  collapsed. 
We  trust  that  in  the  interest  of  the  large  majority  of  loyal 
trade  unionists,  as  well  as  of  t  heir  official  representatives, 
any  further  similar  action  of  the  extremists  will  be  treated 
just  as  siiinniarilv.  Too  much  regard  has  been  paid  to  their 
opinions,  and  to  allow  them  to  interfere  with  our  national 
eiTorts  ill  the  present  crisis  is  to  trifle  with  treason.  The 
various  agreements  which  were  made  have  on  the  wliole  been 
faithfully  observed ,  and  arising  out  of  them  special  orders 
have  been  issued  by  the  Home  Office  to  enable  certain  trades 
to  meet  the  demands  made  upon  them,  principally  in  connec- 
tion with  overtime.  In  the  industries  associated  with  the 
manufacture  of  munitions  continuous  night  and  day  labour 
was  for  some  time  instituted.  It  has  been  found,  however, 
that  such  effort  was  incapable  of  permanent  continuance, 
and  that  from  the  point  of  view  of  efficiency  a  brief  weekly 
rest  was  desirable.  Apart  from  the  ill  effects  which  follow 
from  long-continued  spells  of  work  without  the  customary 
Sunday  rest,  it  often  resulted  in  loss  of  time  on  other  days 
of  the  week  on  the  part  of  some  men,  and  consequent  disor- 
ganisation of  the  rest,  and  at  present  a  weekly  Sunday  rest  is 
"lore  or  less  secured  to  all  workers.  Where  work  is  not  clone 
in  shifts  it  is  far  preferable  to  work  a  moderate  amount  of 
overtime  during  the  week  and  allow  a  complete  break  on  the 
Sunday,  rather  than  work  continuously  from  day  to  day. 
The  working  of  shifts  is  not  always  so  easy  as  seems  on 
paper.  There  is  much,  of  course,  to  be  said  for  it,  since  it 
keeps  all  available  machinery  continuously  employed,  but 
sliortage  of  skilled  labour  makes  its  universal  adoption  impos- 
sible. In  some  cases  •eight-hour  shifts  are  in  operation, 
but  they  are  mainly  confined  to  work  on  which  female  labour 
is  employed,  and  even  in  their  case,  owing  to  labour  scarcity, 
these  have  to  fit  in  witli  twelve- hour  shifts  of  the  male  tool 
setters,  and  it  is  for  this  reason  that  employers  generally  in 
the  engineering  trades  have  been  driven  to  choos©  a  double 
rather  than  a  tre})le  system  of  shifts.  There  has  been  no  set 
scheme  of  liours  wliere  the  extra  work  is  limited  to  overtime, 
the  systems  adopted  varying  with  localities,  and  being 
governed  by  the  custom  of  tlie  district.  In  some  the  overtime 
is  spread  evenly  over  all  tlie  days  of  the  week.  In  others 
there  is  a  preference  for  extra  work  on  two  or  three  days  with 
normal  liours  on  the  others.  Again,  in  some  districts  the 
workers  desire  to  stop  as  early  as  possible,  and  prefer  a  long 
spell  of  work  in  the  afternoon  without  an  interval  for  the 
evening  meal,  rather  than  to  have  siu-li  an  interval  and 
work  later.  While  ilie  desire  to  break  off  earlier  is  laudable, 
ex})erienre  shows  long  spells  are  not'  comlurive  io  good  out  put, 
and  so  far,  t  luTefore,  as  protect'ed  lalxMir  is  concerned,  tlie 
Department,  have  limited  the  uiil)r()ken  spell  to  5  hours  in 
textile  ami  5 A  hours  i)i  non- textiles.  So  far  it  has  been 
irn possible  1  ()  oht  aiii  precise  data  sliowin^  \  lu'  act  ual  eiffect 
oi"  increased  hours  of  production.  The  arnouiil  of  machinery 
employed,  the  number  oi*  hands  engaged,  and  the  divergent- 
skill  brought  to  bear  make  tliis  difficult.  It  is  scarcely  to 
be  wondered  at  that  divergent  views  are  held.  The  general 
opinion  seems  to  be,  however,  that  reasonable  overtime  does 
yield  increased  out  put,  thougli  not  in  full  pro]>ortion  to  the 
hours  worked.  Tlie  great  increase  in  machinery,  longer  hours, 
and  til*'  introduction  of  female  labour,  have  raised  many  new 
problems  in  connection  witli  fencing,  veniilaiioii,  and  sanita- 


tion, and  owing  to  the  present  abnormal  pressure  many  of  the&e 
are  in  a  state  of  flux.  One  satisfactory  feature,  however, 
of  which  nientiou  should  be  made,  is  the  great  advance  in 
what  is  known  as  welfare  work,  ？ the  provision  of  canteens, 
messroom  accommodation,  and  arrangements  for  dealing  with 
cases  of  sickness  and  injury.  In  most  of  the  large  works 
special  lady  supervisors  have  been  appointed  to  look  after 
the  general  welfare  of  the  women,  and  assist  in  the  main- 
tenance of  proper  order  and  discipline.  These  officers  have 
proved  a  great  success,  and  their  further  introduction  is 
now  being  encouraged.  In  small  works  the  special  officers 
are  usually  replaced  by  a  superior  forewoman,  but  it  is  made 
a  condition  on  all  Orders  allowing  night  work  for  women,  that 
suitable  provision  shall  be  provided.  The  need  for  adequate 
arrangements  for  meals  is  obvious,  especially  wliere  long  hours 
or  night  shifts  aie  worked,  and  the  benefits  accruing  from 
these  have  be'en  so  well  proved  that  they  will  doubtless  be 
continued  when  normal  conditions  are  restored.  Whilst 
trade  as  a  whole  is  in  a  state  of  boom  and  unemployment  is 
probably  at  a  lower  level  than  it  has  ever  been  before,  there 
are  a  few  trades  which  have  been  rather  badly  hit.  The 
building  trade,  for  instance,  in  most  districts,  and  the  indus- 
tries dependent  upon  it,  such  as  joinery,  brick  and  tile  making, 
The  printing  trade,  too,  is  a  striking  exception,  owing 
to  restriction  par  fly  on  paper  and  colours,  and  secondly,  the 
absence  of  all  demands  for  catalogues  and  trade  literature, 
owing  to  works  being  employed  on  Government  work.  This, 
however,  lias  not  affected  the  ranks  of  labour,  owing  to  the 
tempting  openings  in  other  directions  and  the  demands  for 
men  in  the  army.  No  one,  in  fact,  need  now  complain  that 
he  cannot  obtain  work.  There  ;s  enough  for  everyone  willing 
to  undertake  it. 


AIR  SUPPLY  FOR  CUPOLAS. 

In  a  paper  on  "  The  Relation  of  Air  Supply  to  Cupola 
Blowing,"  reoeaitly  presented  at  a  meeting  of  the  Newark 
Foundrymen's  Association,  Mr.  J.  A.  Shorey  stated  that 
the  conservation  of  the  heat  value  of  the  fuel  was  directly 
dependent  on  a  uniform  rate  of  melting,  which,  in  turn, 
depended  on  the  supply  of  a  definite  weight  of  oxygen  de- 
livered to  the  cupola  at  a  definite  and  uniform  rate,  cover- 
ing not  only  the  period  of  melting,  but  each  instant  of  the 
■enti  re  period.  It  had  generally  been  accepted  that  30,000 
cub.  ft.  of  displaced  air  should  be  allowed  for  every  ton  of 
iron  under  ordinary  conditians  of  melting.  From  compu- 
tation it  had  been  assumed  that  150  cub.  ft.  of  air  was  re- 
quired to  burn  lib.  of  carbon  to  CO^,  and  in  ordinary  practice 
lib.  of  coke  was  sufficient  to  melt  lOlbs.  of  iron.  This  assump- 
tion was  made  on  the  basis  that  coke  was  pure  carbon.  Com- 
mercial coke  analyses  varied,  widely,  but  a  fair  average  of 
carbon  might  be  assumed  to  lie  between  85  and  90  per  cent.， 
which  reduced  the  air  requirement  in  this  proportion.  In 
actual  practice  24,000  cub.  ft.  of  free  air  had  l)een  found 
necessary  for  the  melting  of  a  ton  of  iron  under  the  assumed 
ratio  of  10  to  1.  The  weight  of  the  oxygen  contained  in  a 
cubic  foot  of  air  under  normal  weather  conditions  varied 
widely,  as  the  temperature  varied.  Again,  the  weight  of  a 
cubic  foot,  of  air  varied  directly  as  the  barometric  or  absolute 
pressure.  If  the  peroent'ages  of  these  two  variables  were 
cumulative,,  that  is,  with  a  low  "barometer  and  high  tempera- 
ture, t  lie  oxygen  content  by  weight  of  a  cubic  foot  of  air  might 
vary  widely.  It  must  be  realised  that  imperfect,  irregular 
combustion  not  only  increased  the  coke  ratio,  and  therefore 
the  cost  of  coke,  but  it  resulted  in  increased  losses  of  the  iron 
itself.  Tests  had  indicated  a  variable  ranging  from  5  to  10 
p€.r  cent,  of  the  total  iron  melted.  In  other  words,  in  operai- 
ing  a  cupola,  while  the  coke  was  carefully  weighed,  likewise 
the  iron,  the  weight  of  fclie  air,  and  rate  at  which  it  was 
supplied,  wliicli  were  of  equal  importance,  were  left  to  the, 
judgment  of  llie  operator,  or  to  the  exigencies  of  handling  the 
iron,  rather  tliaii  to  the  over-all  economy  of  melting. 
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BOOK  REVIEWS. 
Heal  Treatment  of  Tool  Steels  :  An  llliist vni^d  Description  (if 

tli(、  Physical  C'haiii^os  aiul  ProptM-t  ies  I  lulucod  in  Tool  Steel 

hv  lleatinfi[  aiul  Cooling-  Operations.     Hy  Harry  Hioailcy. 

Sot'ond   edition.       London  :    Longuuuis,    (Jroen,    <S.'  Co. 

iiiii.  by  (； i".  '22：\  pp.  rri<'e  10s.  (id .  net. 
The  iiuilior  will  be  known  to  some  of  our  readers  in  his 
foiiiieotion  with  a  valuable  paper  he  read  about  two  years  ago 
on  the  heat  treatment  of  structural  steel  before  the  Man- 
cliester  Association  of  Engineers.  The  volume  under  notice 
deals  with  a  similar  phase  in  the  treatment  of  steel  objects  and 
tools  for  various  purposes  in  the  workshop,  and  is  written  with 
a  view  of  practical  utility  to  the'  trained  artisan  and  foreman, 
as  well  as  to  the  merchant  and  inaiiufacturer,  whose  officials 
have  frequently  to  meet  and  deal  with  complaints  that  involve 
knowledge  they  have  seldom  a  chance  of  acquiring  in  the  daily 
routine  of  their  business.  With  increasing  complexity  of 
products  and  physical  properties,  it  is  to  the  latter  especially 
tliat  the  consumer  naturally  turns  for  information  and  instruc- 
tion regardiiig"  treatment  or  troubles  in  the  working  of  steel. 
In  earlier  days,  when  classification  of  steel  was  not  so 
important  and  selection  of  quality  depended  largely  on  visual 
inspection  of  fractiure  of  the  small  ingots  of  tool  steel,  the 
combined  experience  of  maker  and  user  sufficed  very  largely 
to  adjust  products  and  needs.  Chemical,  physical,  and  micro- 
scopical tests  have,  however,  now  raised  the  question  of  steel 
selection  and  treatment  for  a  particular  purpose,  generally 
defined  as  "  temper/'  to  a  more  or  less  exact  science,  and  it 
behoves  all  responsible  for  the  manipulation  or  treatment  of 
steels  for  special  purposes  to  possess  some  intelligent  apprecia- 
tion of  the  reasons  underlying  the  various  processes.  Such 
knowledge  it  is  the  author's  purpose  to  convey.  He  truly 
observes  that  the  ultimate  value  of  a  tool  often  depends  as 
much  on  the  manner  in  which  it"  is  worked  into  its  finished 
state  as  on  the  material  from  which  it  is  made.  Such  skill 
and  knowledge  must  be  taken  into  account  in  any  case,  and  if 
it  cannot  be  relied  upoji  it  means  almost  invariably  that  softer 
steels  are  introduced,  and  this  in  its  turn  means  dissatisfaction 
of  tlie  tool  user.  A  careful  study  of  this  book  should  do  ni uch 
to  avoid  the  troubles  that  come  about  in  this  way  and  guide 
the  tool  maker  to  locate  and  avoid  many  that  not 
infrequently  vex  him,  as  well  as  those  who  rely  upon  his 
skill.  Such  study  will  at  least  serve  to  show  that  the  efficiency 
of  tools  is  not  altogether  In  the  hands  of  the  steel  maker,  and 
that  not  all  broken  or  defective  tools  can  he  justly  ns('ri])ed  to 
bad  steel.  The  work  is  at  once  both  ])ractical  and  scientific, 
and  no  steel  maker  or  user  need  be  afraid  of  failing  to  com- 
prehend t:hp  author's  meaninjy. 

Centrifugal  Pumps  and  Suction  Dredgers.  By  E.  W .  Sar- 
^ioaiit .  With  180  illustratimis.  London  :  Chas.  Griffin 
and  Co.,  Ltd.  9in.  by  G.Un.  188  pp.  Price  10s.  M.  net. 
This  book  is  decidedly  more  descriptive  than  analytical  ； 
practical  rather  than  theoretical  ；  not.  that  it  appeals  to  a 
narrower  audience  on  that  account.  Its  mimerous  examples 
from  actual  working,  and  the  problems  to  which  the  autlior 
addresses  himself,  are  precisely  those  which  the  draiio'htsman 
or  user  will  oftenest  meet  with  in  the  ordinary  course  of  things, 
and  on  which  therefore  the  hook  will  prove  most  useful.  The 
aspect  of  difficulties  depends  a  great  deal  on  the  point  of  view, 
and  the  student  when  he  leaves  the  college  for  the  workshop  or 
the  field  finds  that  class  text  books  often  leave  him  short  of  tlie 
information  lie  most  sorely  needs,  and  it  is  in  tliis  respect  that 
the  book  will  probably  be'  most  valued.  Tlie  author  writes 
with  the  fanuliarity  that  comes  of  a  long  practical  experience 
of  his  subiect  and  an  absence  of  the  higher  mathematics  that 
shows  how  little  of  it  is  needed  in  the  hulk  of  the  proWenis  the 
work—  engineer  is  daily  called  upon  to  solve. 

Large  Electric  Power  Stations  :  Their  Design  and  Construction. 

Bv  Dr.  G.  Klinsenberg.  English  traiiplalion  ；  with  180 
illustrations.  London  :  Crosby  Lock  wood  &  Son. 
lOin.  by  Sin.  260  pp.,  witli  7  large  folding  plates. 
Price  25s.  net. 

A  publisher's  note'  announces  that  this  translation  was  in 
type  some  months  before  the  war,  Init.  that  it  haH  since  been 
subject,  to  revision  by  art  English  engineer  n nd,  we  】)resume， 
therefore  it  reasonably        to  date      The  snl)jert  is  one 


wnich  in  its  (Mii  irety  an  only  appeal  ")  ji  <'()iM|"in"ively  small 
(•lass,  (liou^li  t.ho  s(*;iIo  on  wliicli  power  is  pr (； < j tu- (； <l  in  cont  r;il 
stations  naturally  cxaMs  in  any  (juestioiis,  wliicli  a  re  n(!^l(*ctc<l 
or  rde;r;d(、（l  ")  t he  Imrkgmund  in  small  uiiiis,  to  posit  ioiiH  of 
siiiH("iH，  iiii])()rt an(!e.  The  author  treats  the  suhjcd  in  ils 
l)r(md  coinnicrcial  asped^，  and  naturally  many  of  tlie  illust  ra- 
1  ions  aro  la kon  from  coiit  iiieiital  practice,  <  hou^^h  the  power 
siations  on  i.lie  Rand  arc  also  largely  d rawn  upon,  and  provide 
excellent  exainplevS.  The  working  out  of  tiiese  various  schemes 
are  all  carefully  descrribed  and  submit  ted  to  comparative 
analysis.  To  the  select  clasvs  of  engineers  responsible  for  the. 
designing  of  large  central  power  stations  the  work  contains  a 
great  deal  of  information  which  it  would  he  difficult  to  Hml 
except  by  prolonged  search  through  the  proceedings  of 
societies,  and  probably  then  not  in  so  convenient  a  form, 
aiifl  to  tliis  class  tlie'  volume  will  prove  useful. 


MOULDS  FOR  CASTING  IRON  AND  STEEL  INGOTS. 

The  accompanying;-  illu-t  rations  show  several  designs  of'  com- 
posite moulds  recent  I y  patented  by  Mr.  Benjamin  Talbot, 
County  Bank  Chambers,  Middlesbrough,  and  Mr.  John  E. 
Jam  OS.  To  prevent  the  formation  of  piping  and  blow-holes 
ill  iiioots,  deoxidi.sers,  such  as  -aluminium  or  ferro-silicoii,  aro 
mmetimes  added  to  the  metal  while  in  the  liquid  state,  and 
before  or  whilst  it  is  cast  into  the  mould.  When  such  deoxi- 
disers  are  used ,  blow-holes  are  largely  avoided,  but  the  piping 
or  central  cavity  tends  to  increase.  To  get  rid  of  the  central 
cavity  in  the  body  of  the  ingot,  it  is  not  unusual  to  have  the 
top  of  the  mould  formed  of  fire-clay,  silica,  slag-wool,  asbestos, 
infusorial  earth,  coke,  graphite,  or  other  refractory  material 
which  is  a  slower  conductor  of  heat  than  the  rest  of  the 
metal  mould.  In  such  cases  the  heat  at  the  top  of  the  ingot 
is  not  so  rapidly  conducted  away  and  the  interior  of  the 
top  of  the  ingot  re.niains  liquid  for  a  longer  period,  and  flows 
down  and  fills  the  bottom  of  the  cavity.  Othei*  methods  in- 
clude tlie  employment  around  the  top  of  the  mould  of  an 
annular  space  or  chamber,  which  is  made  of  iron  in  one  or 
more  parts,  and  placed  in  or  on  the  mould  (but  the  inner 
face  of  which      preferably  of  refractory  material)  into  which 


Fig.  1.  Fi«.  2.  Fki.  3^. 

Moulds  pnn  (\\sttno  Ibon  and  Stkkl  Int.ots. 

is  poured  liquid  slag  or  other  heated  body  such  as  sand, 
liquid  slag  being  also  run  in  above  the  top  of  tlie  ingot,  or 
to  have  part  oF  the  top  of  the.  mould  contain  an  internal 
cavity  so  as  to  form  a  more  or  less  non-conducting  wall. 
The  moulds  illustrated  are  of  tlie  type  having  a  chamber  at  the 
to]>  packed  with  refractory  material.  Fig.  1  shows  a  sectional 
elevation  of  a  mould,  the.  head  of  which  in  the  ordinary  course 
would  be  raised  when  the  mould  is  stripped  from  the  ingot 
and  rising  with  the  mould  ；  Fig.  2  shows  a  head  wliicli  would 
generally  be  removed  prior  to  stripping  the  ingot  ；  and  Fig. 
3  shows  a  mould  in  whicli  the  inner  face  is  carried  up  so  as 
to  leave  a  recess  between  it  and  the  outer  portion  of  tlie  mould 
which  is  filled  with  noii-coiiducting  material.  Whiclievex' 
form  is  ein])Ioyed  the  object  is  the  same,  namely,  to  retain 
the  lieat  in  the  upper  portion  of  the  ingot  so  that  the  itiore 
fluid  material  tlierein  will  flow  down  and  fill  the  main  portion 
of  the  cavity  as  the  ingot  solidifies,  and  also  give  a  smooth 
surface  to  the  ingot  the  same  as  is  obtained  upon  its  lower 
portion.  In  all  of  the  illustrations  A  represents  the  main 
body  of  tlie  mould,  B  the  metal  fonning  tlie  inner  face  of  the 
liead,  and  C  the  refractory  material.  Wlieve  the  head  is 
removable  it  may  be  either  formed  in  a  single  piece  or  in  sec- 
tions l)olted  or  otherwise  secured  together. 
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THE  MANUFACTURE  AND  USE  OF  HIGH-SPEED  STEEL* 

BY  HKNRY  D.  HIDIiARD. 

High-speed  tool  steels  have  in  the  past  fifteen  years  worked 
a  remarkable  revolution  in  the  machine-shop  business  of  the 
whole  world,  affording  largely  increased  outputs  and  commen- 
surate lower  costs.  As  a  consequenoe  they  are  now  being 
used  very  generally  and  in  some  shops  almost  exclusively 
for  machining  iron  and  steel  as  well  as  some  other  metals  by 
cutting  operations  by  machine  tools.  The  revolutionary 
feature  wherein  tools  made  of  these  steels  differ  from  and 
exceed  in  service  the  tools  formerly  used  is  their  ability  to 
maintain  a  sharp  strong  cutting  edge  while  heated  to  a  tem- 
perature far  above  that  which  would  at  once  destroy  the 
cutting  ability  of  a  simple,  steel  tool.  Because  of  this  pro- 
perty a  tool  made  of  high-speed  tool  steel  can  be  made  to  cut 
continuously  at  speeds  three  to  five  times  as  great  as  that 
practicable  with  other  tools,  and  when,  as  the  result  of  the 
friction  of  the  chip  on  the  tool,  it  may  be  red-hot  at  the 
point  on  top  where  the  chip  rubs  hardest,  and  the  chip  itself 
may,  by  its  friction  on  the  tool  and  the  internal  work  done 
on  it  by  upsetting  it,  be  heated  to  a  blue  heat  of  296°  C. 
(o65°  Fall.),  or  even  hotter  to  perhaps  340°  C.  (644°  Fall.). 

This  property  of  red-hardness  or  ability  to  retain  hardness 
at  a  red  heat  may  be  imparted  to  steels  of  suitable  composi- 
tion, comprising  chromium  and  tungsten,  by  a  unique  heat 
treatment  to  which  they  may  be  subjected.  This  treatment, 
described  later,  was  introduced  by  F.  W.  Taylor  and  Maun- 
sel  White  at-  the  works  of  the  Bethlehem  Steel  Company  in 
1899，  and  tools  so  treated  were  shown  at  the  Paris  Exposition 
in  1900，  where  they  naturally  created  a  great  sensation  among 
those  familiar  with  the  machining  of  metals.  In  the  United 
States  in  1913  about  7,000  tons  of  high-speed  or  rapid  tool 
steels  was  made  by  some  15  makers,  that  output  requiring 
about  8,000  tons  of  ingots. 

Mmtiffucture  af  Highs  peed  Tool  Steel, — High-speed  tool 
steels  are  all  made  by  the  crucible  or  electric-furnace  process. 
Except  at  one  works  the  crucibles  or  pots  are  made  of 
graphite.  The  average  life  of  the  crucibles  or  pots  varies  in 
diflFerent  works  from  six  to  nine  melts.  Some  makers  use 
clay-lined  graphite  pots  in  melting  this  steel  to  prevent  or 
hinder  the  absorption  of  carbon  from  the'  pot.  The  clay 
lining  is  only  ^in.  to  xq  UX.  thick  and  is  sometimes  cut  through 
on  the  second  or  third  melt  ；  in  that  event  the  molten  steel 
may  absorb  too  much  carbon.  Other  makers  use  a  graphite 
pot  twice ~ first  for  melting  other  kinds  of  steel  and  then  for 
rapid  steel  when  the  inner  surface  of  the  pot  is  somewhat 
slagged  over,  because,  of  which  the  absorption  of  carbon  is 
much  less  than  when  the  pot  was  new. 

The  large  producers  use  gas-fired  melting  furnaces  for 
heating  the  j>ots,  which  are  charged  into  the  furnace  at  the 
top.  Each  melting  hole  contains  six  pots,  and  each  pot  takes 
a  charge  of  901bs.  or  lOOlbs.  The'  charge  is  melted  and  then 
(( killed  "  in  the  usual  way  by  being  held  30  to  40  minutes. 
Such  procedure,  together  with  the  presence  of  the  large 
amount  of  alloy,  regularly  gives  sound  steel.  If  run  continu- 
ously a  furnaceful  of  pot;  will  be  melted  about  every  four 
hours. 

Til  packing  a  pot  with  a  charge'  for  high-speed  steel  tlie 
tungsten  must  be  placed  on  top  of  the  charge ~ as  with  simple 
tungsten  steel ― to  guard  as  far  as  possible  against  the  ten- 
dency of  tile  tungsten  to  settle  because  of  its  high  specific 
gravity.  That  tendency  seems  to  be  less  with  the  rapid  steels 
l^ian  with  the  simple  tumr^ten  steels*  Whether  the  chro- 
mium of  the  former  influences  or  hinders  tlie  settling  of  the 
tungsten  is  conjectural  The  snialler  ingots,  whicli  are  nicide 
from  one  pot  of  steel,  vary  from  3^in.  to  5in.  square.  The 
steel  is  sometimes  teemed  directly  into  the  mould  by  haiicl- 
pouring,  but  in  some  works  clay  funnels  are  】:)laced  on  top 
of  the  mould  to  direct  the  stream  down  the  centre  of  the 
mould  to  avoid  cutting  its  wall,  as  might  happen  if  the 
stream  impinged  on  it.  Funnel  pouring  is  alt>o  advantageous 
when  two  pots  are  to  be  combined  to  make  a  larger  ingot, 
as  the  steel  can  be  poured  into  the  funnel  from  opposite 
sides  at  the  saniei  time. 

The  strong  tendency  of  high-speed  steel  to  pipe  is  checked 
considera])ly  in  most  plants  by  tlie  use  on  each  ingot,  of  a 
hot  "  dozzler,"  which  is  a  clay  ring  prelieated  red-hot,  that  is 

•  From  a  bulU^tin  on  "  The  Manufacture  and  Use  of  Alloy  Steels,"  published  by 
the  United  States  Bureau  of  Mines. 


placed  on  the  ingot  top  and  filled  with  molten  steel.  This 
arrangement  keeps  the  top  of  the  ingot  molten  long  enough 
so  that  the  pipe  is  of  diminished  size  and  nearly  or  quite  all 
contained  within  the  part  of  the  ingot-  surrounded  by  the 
'' dozzler."  The  proportion  of  ^he  ingot  to  be  rejected  on 
account  of  the  pipe  is  therefore  much  decreased.  The  moulds 
are  usually  closed  at  the  bottom  eud  and  are  either  made 
with  parallel  walls  or  tapered  so  that  the  ingot  is  larger  at 
the  top  than  at  the.  bottom.  The  moulds  must  be  split  when 
the  walls  are  parallel,  and  are  sometimes  split  when  the  in- 
gots are  tapered. 

High-speed  tool  steel  as  cast  has  a  coarse  structure  and 
dark  colour  as  compared  with  the  structure  and  colour  of 
simple  steels  of  the  same  carbon  content.  A  corner  is  broken 
from  tlie  top  of  each  ingot,  to  show  the  grain,  and  the  ingots 
when  hand-poured  directly  from  the  pots  are  classified  by  the 
eye  as  in  the  production  of  simple  crucible  steels.  If  the 
ingots  are  cast  from  the  large  ladle  a  test  is  taken  for 
analysis  which  determines  the  disposition  of  the  whole  ladle- 
ful  of  steel.  '  As  a  rule  the  ingots  show  a  strong  columnal 
structure  or  arrangement  of  crystals  whose  -  axes  are  normal 
to  the  cooling  surface.  Sonne  makers  refer  to  the  structure 
as  a  lemon  structure,"  the  crystals  of  tlie  metal  being 
thought  to  resemble  the  cells  forming  the  pulp  of  a  lemon. 
If  the  casting  temperature  is  lower  than  usual,  this  lemon 
structure  may  be  absent,  and  in  that  case  the  absence  of 
the  ingot  will  have  a  much  finer  grain  than  the  ingots  cast 
at  the  usual  higher  temperature.  The  subsequent  heating 
and  working  of  the  steel  entirely  destroys  the  crystalline 
structure  of  the  ingot,  and  the  worked  steel,  on  a  fresh  frac- 
ture, shows  a  most  beautiful  porcelaiiic  structure. 

The  ingots  run  from  3iin.  by  S^in.  to  16in.  by  16in.， 
but  most  of  them  are  from  5 in.  by  5in.  to  9in.  by  9in.  For 
lio1>working  they  are  heated  in  a  furnace  chamber  having 
a  temperature  of  about  1180。  C.  (2156。  Fah)  At  this  high 
heat  the  steel  may  be  worked  satisfactorily  under  the  hammer 
or  press  and  may  be  quickly  worked  down  to  the  dimension 
desired. 

Com  posit  ion  of  II I  (jh -ft  peed  Tool  Steels-. ― The  tendency  of 
the  makers  is  toward  a  somewhat  uniform  composition  as 
regards  the  contents  of  the  alloying  elements,  whose  benefits 
have  become  fairly  well  known,  and  whose  use  as  a  conse- 
quence may  be  considered  as  established.  Specifically,  these 
alloying  elements  are  tungsten  and  chromium.  The  addi- 
tion of  vanadium  and  cobalt  in  important  proportions  is  con- 
sidered by  some  makers  to  give  distinct  improvement  to 
high-speed  steel,  and  some  vanadium  is  almost  always  pre- 
sent. The  analyses  of  steels  shown  in  the  accompanying 
table  are  considered  to  be  good  commercial  steels. 

Samples  D ― 1  and  E 一 1  gave  excellent  results  in  a  com- 
petitive test,  whereas  samples  D ― 2,  D —— 3，  E —— 2，  and  E —— 3， 
manufactured  by  the,  same  makers,  gave  distinctly  inferior 
results  in  the  same  shop.  The  occurrence  of  nickel  in  four 
of  the  samples  may  have  been  accidental,  having  been  due 
to  nickel  in  some  of  the  scrap  steel  used  in  the  charge.  Most 
makers  now  put  in  vanadium,  and  steel  like  that  represented 
by  sample  G，  which  had  the  higliest  vanadium  content  of  all 
the  samples  represented  in  the  table,  was  the  winner  in  a 
recent  competitive  test. 

The  average  specific  gravity  of  the  steels  represented  in 
tlie  table  was  about  8'8，  the  increase  over  the  specific  gravity 
of  iron  being  due  chiefly  to  the  tungsten  content.  There  are 
so  many  factors  beside  the  ultimate  composition  that  affect 
the  value  of  high-speed  tool  steels  that  no  conclusion  can 
be  drawn  from  the  analysis  alone.  The  melting,  hot  work- 
ing, and  heat  treatment  all  must  be  done  correctly  or  the 
final  result  will  not  conform  to  expectations. 

('(irJfon . ― The  proportion  of  carbon  aimed  at  in  high- 
speed tool  steels  is  about  0  65  per  cent.,  which  in  a  simple 
steel  would  not  be  enough  to  give  the  maximum  liardiiess 
even  if  the  steel  were  heated  above  the  critical  point  and 
quenched  in  water,  and  still  less  so  when  the  steel  is  cooled 
as  slowly  as  these  steels  are  in  their  treatment.  This  shows 
that  the  carbon  acts  in  a  different  way  from  what  it  does  in 
simple  steels,  a&  is  discussed  laier. 

Tun(jsfe7i. ― Tungsten  is  well  established  as  a  most  impor- 
tant if  not  indispensable  ingredient  of  commercial  tool  steels, 
l)ei"g  almost  or  quite  universally  used  in  quantity  therein. 
The  best,  proportion  of  tungsten,  all  tilings  considered,  seems 
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to  lie  bet w eon  !(>  aiul  20  per  cent.,  the  ""igsten  content  in 
95  per  cent,  of  all  Mie  American  steels  coming  within  iheso 
limits.  Some  puhlislunl  analyses  of  European  hii^h-siwed 
tool  steels  show  a  liigluM-  content  of  tun^sttMi  than  this,  but 
American  makers  generally  agfec  that  any  t ungsteii  in  excess 
of  20  per  ctMil.  adds  nothino;  to  the  useful noss  of  the  st-eel,  and 
they  therefore  make  that  proportion  the  upper  limit  of  the 
aiiiouiit  added .  One  efFeot  of  the'  tmigste'n  is  that  the  bewt 
])ercentage  of  carbon  in  hig;h-speed  st^el  is  hut'  about  half 
tliat  required  in  simple  tool  .steels  iiiteiuled  for  the  same  kind 
of  service. 

Chromhtw . ― The  elTect  of  t'lironiium  in  high- speed  tool 
steel,  as  in  other  steels,  is  undoubtedly  as  a  hardener,  entering 
into  the  double  carbide  of  tungsten  and  chromium  wliicli  gives 
or  causes  the  proper  cutting  edge.  Although  the  proportion 
of  this  element  present  in  these  steels  varies  considerably,  it  is 
always  large,  perhaps  never  less  than  2  per  ("ent.  or  more  than 
6  per  cent,  in  American  steels,  and  in  European  steels  the 
upper  limit,  is  at  least  9  per  cent. 

Afohjhdcn  uttK ― The  use  of  molybdenum  in  high-speed  tool 
steels  is  being  generally  discontinued.  Some  makers  for  years 
manufactured  molybdeuum  tool  steels,  but  as  a  rule  they  have 
either  wholly  discontinued  its  use  or  use  a  much  smaller  pro- 
portion than  formerly,  employing  it  as  an  auxiliary  rather 
than  a  major  constituent.  Tlie  effect  of  molybdenum  is  simi- 
lar to  that  of  tungsten,  but  is  more  intense  in  that  1  per  cent, 
niolybdeiuim  is  currently  considered  to  give  about  the  same  or 
greater  hardening  effect  than  2  per  cent,  of  tungsten.  It 
gives  a  fine  cutting  edge. 

Vafutd'niin. -― Vanadium  is  used  for  high-speed  tool  steel 
in  varying  amounts,  most  makers  using  at  least  0'5  per  cent., 
although  some  run  Vne  vanadium  content  up  to  11  or  1^  per 
cent.,  or  even  more,  considering  that  sucli  an  addition  increases 
in  an  important  degree  the  value  of  the  steel  for  tools.  The 
effect  of  vanadium  is  considered  to  resemble  in  some  ways  that 
of  chromium  in  increasing  the  hardness  or  red-hai'dnesp  of  the 
cutting  edge.  High-speed  steels  containing  vanadium  aro 
generally  classed  as  "  superior  "  steels  and  many,  though  not 
all,  makers  and  users  consider  them  distinctly  better  than  the 
" standard  "  steels  containing  no  vanadium,  both  on  account 
of  their  actual  cutting  qualities  at  high  speeds  and  on  account 
of  the  length  of  time  a  tool  will  cut  before  it  needs  re- 
grinding.  The  true  value  of  vanadium  in  high-speed  steels 
must  probably  be  held  as  not-  yet  fully  determined.  The 
analyses  given  in  the  table  show  that  all  the  samples  con- 
tained vanadium,  but  in  greatly  varying  amounts. 

Cobalt. ― Cobalt  now  threatens  to  change  tool-steel  manu- 
facture because  of  the  properties  it  imparts.  The  recent 
great  decline  in  price  following  the  increase  of  the  supply 
from  the  silver  ores  of  the  cobalt  district  in  Ontario  naturally 
led  to  its  trial  as  a  steel  alloying  element,  and  some  most  excel- 
lent high-speed  steels  containing,  in  addition  to  the  usual 
ingredients,  about  four  per  cent,  of  cobalt,  have  been  obtained. 
This  result  was  hardly  to  have  been  expected  in  view  of  the 
experience  with  nickel,  which  cobalt  much  resembles,  as  nickel 
has  been  condemned  by  nearly  every  manufacturer  as  not 
being  a  desirable  ingredient  of  high-speed  tool  steels,  because 
of  the  effect  it  has  of  tnaking  the  edge  soft  or  "  leady."  The 
cobalt  steel,  however,  has  shown,  in  some  products  at  least, 
increased  ability  to  hold  its  edge  in  work  One  user  of  cobalt 
steel  found  it  better  suited  for  turning  manganesei  steel  than 
any  other  steel  he  tried,  his  success  being  so  marked  as  to 
make  it  practically  a  com mercial  operation.  Manganese  steel 
is  so  hard  as  to  be  considered  practically  unniachiiiable,  the 
usual  practice  having  been  to  finish  it  by  grinding  when  neces- 
sary. Tlie  valuable  effect  of  cobalt  is  claimed  to  be  that  it  in- 
creases the  red -hardness  of  high-speed  tool  steel ,  enabling  the 
steel  to  cut  at  a  higher  speed. 

Copjper. ―  Copper  has  been  considered  to  be  highly  inju- 
rious in  high-speed  tool  steel,  even  as  little  as  005  per  cent, 
being  inadmissible ;  and  it  is  thought  to  be  particularly 
harmful  if  much  sulphur  is  present  in  the  steel  ；  also  the 
higher  Uie  carbon  content  the  more  harmful  is  the  copper. 

Sulphur  "ltd  /'// ".、'〃// (Or", 、—— Sulpluir  and  phosphorus, 
which  are  so  deleterious  in  simple  tool  steels,  are  cousidererl 
to  be  somewhat  less  so  in  high-speed  steels,  in  which  the  effect 
is  either  modified  or  else  masked  by  the  large  quantities  of 
other  ingredients.  Some  coin  mercial  brands  of  high-speed 
steels  have  as  much  as  0  05  per  cent,  of  each  of  these  impuri- 
ties, to  wliich  no  inferior  quality  is  attributable. 


〃〃,/  Trrafnunf  of  fl  'njh-Hpeed  TooU. — The  heat  treatment 
givrn  tu  high  s])ee<I  steels  for  the  com"" 川 er  uses  as  latlie 
ami  planer  tools  has  generally  been  f^implifled  1o  heating 
to  incipient,  fusion  and  (jueticliiiig  with  oil.  (Joolin^  by  an  air 
blast  and  double  treatment,  wliicli  wei<?  lormcrly  recorn- 
rneiuled,  are  now  not  conunon,  except  that  a  second  (drawing) 
he;"'  is  given  to  milling  cutters  and  siriiilar  tools,  the  t<^m- 
peratur©  im|Ku 化 (1  to  the  tool  dependiii^r  on  tlie  iriaterial 
to  be  cut. 

The  treatment  is  usually  done  by  the  blacksmith,  who 
heats  tlie  tool  in  his  forge  fire  ami  then  immerses  it  in  a 
tank  containing-  eiimigli  oil  so  that  its  teniperatuipi  does  not 
rise  materially.  Ten  gallons  of  oil  is  a  common  quantity 
to  use  wheti  tlie  size  and  number  of  the  tools  is  moderate, 
as  in  most  shops.  The  fire  is  a  deep  compact  coal  fire,  the 
coal  in  the  centre  where  the  tool  is  heated  being  pretty 
thoroughly  coked,  that  is,  most  of  its  volatile  matter  distilled 
out.  This  manner  of  heating  has  the  advantage  that  free 
oxygen  does  not  get  at  the  tool  to  oxidise  it,  but  its  environ- 
ment is  non-oxidising  or  even  reducing,  owing  to  the  presence 
of  an  excess  of  burning  carbon  surrounding  thei  tool.  Any 
flame  is  more  or  less  oxidising,  at  least  unless  heavily  charged 
with  smoke  or  f ree  carbon,  and  a  piece  of  steel  heated  directly 
by  a  flame  as  in  the  ordinary  heating  chamber  of  a  furnace 
is  likely  to  be  somewhat  oxidised  on  its  surface,  the  depth  to 
which  the  oxygen  penetrates  varying  according  to  the  con- 
ditions, particularly  the  temperature,  the  access  of  air,  and 
the  lengtli  of  time.  Heating  in  a  muffle  will  also  result,  in 
oxidising  the  steel  unless  extraordinary  precautions  are  taken 
to  keep  out  oxygen  or  to  consume  all  that  enters.  The  tem- 
perature of  quenching,  usually  about  1260°  C.  (2300°  Fall.),  is 
determined  by  the  fusion  of  tlie  scale  and  its  visible  collection 
into  drops  or  beads  on  the  surface  of  the  tool. 


Ih'Riilfs  of  A  iialyses  of  Tligh  -stpeed  Steels  made 
in  191:3  or  191Jf. 


Sample.* 

C. 

Mn. 

Si. 

S. 

P. 

Cr. 

w. 

V. 

Co. 

Ni. 

Mo. 

Remarks 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

% 

A  

0-65 

0-15 

0-20 

0-02 

0-03 

4-75 

17*50 

0-90 

B— 1  .. 

0-66 

0-27 

014 

0  04 

0.05 

4-61 

17-48 

0,70 

4-22 

0-17 

B— 2  •. 

0-74 

0-31 

0-i:i 

0-04 

0-02 

4-20 

15-63 

0-67 

2-70 

B— 3  •• 

0-63 

0-14 

0-07 

0-04 

0-05 

4-26 

17-16 

0-45 

3-80 

0-20 

B— 4    . . 

0-69 

o-:u 

0-14 

0-03 

0-04 

5*28 

16-35 

0-64 

5-28 

C— 1  •. 

0-66 

0-22 

0'17 

0'03 

0-02 

3-44 

16-51 

0-73 

C— 2    .  • 

0-64 

0-21 

0-16 

0'():5 

0.0:5 

3-30 

16-06 

0-66 

4-02 

C— :i    . . 

0-67 

0-33 

0-25 

0-02 

0-02 

：3*85 

16*06 

0-70 

D— 1 

0-75 

0-28 

0-：}« 

0'03 

4-10 

19-00 

0-75 

Good. 

D— 2  .. 

0-68 

0-38 

0-40 

0-03 

4-65 

17-85 

0-53 

Inferior. 

D— 3  .. 

0-69 

0-36 

0-38 

0-04 

4-67 

17-90 

0-50 

Do. 

D— 4 

0-57 

0-20 

0-26 

0-02 

0-03 

4*82 

15-38 

0-50 

Do. 

E— 1    . . 

0-61 

0*23 

0-35 

0-04 

4-10 

17-20 

I'OO 

Good. 

0-68 

0-45 

0-40 

0-04 

4-00 

14-26 

1-09 

Inferior. 

E— 3. 

0-70 

0-50 

0-39 

0-05 

4-08 

14-50 

1-07 

Do. 

0-60 

0-23 

0-12 

0-03 

0-02 

3-90 

17*27 

0-90 

Do. 

F  

0-64 

2-29 

0-12 

()-02 

0*01 

4-39 

16-09 

0-59 

0*28 

G  

0'72 

0-37 

0-18 

o-o:j 

0-02 

4-50 

13-30 

2-50 

H— 1  .. 

0-77 

0-16 

0-21 

0-02 

0-02 

4-05 

18-64 

1-35 

H— 2  .. 

0-67 

0-16 

0-20 

t)-02 

0-02 

4-66 

13-86 

1-08 

0-64 

0*23 

o 

0-02 

0-02 

4*57 

19-10 

0-54 

J 二 i':: 

0-64 

0-30 

0-26 

0-02 

0-01 

2-93 

18*71 

1*22 

J— 2  .. 

0-71 

0*14 

0-26 

0-0；5 

U'03 

2-97 

18-21 

0-97 

K— 1  .. 

0-55 

Tr. 

0-2:5 

0-02 

0-04 

4-46 

16-05 

0-80 

4-72 

0-72 

K— 2  .. 

0.18 

K— 3 

0'74 

0-31 

O'Ki 

0-04 

0-02 

4-20 

15-63 

0*67 

2-70 

*  Samples  A  to  I  represented  American  steels,  the  numerals  indicating  different 
samples  from  the  same  maker.  Sample  J  represented  an  English  steel.  Sample  K 
If  presented  a  German  steel. 


Quenching  is  done  by  quickly  plunging  the  heated  tool  into 
the  oil  as  soon  as  it  has  reached  the  desired  temperature 
and  moving  it  about  in  the  oil  until  cold.  Cooling  in  oil 
is  thought,  by  some  to  give  a  better  tool  than  cooling  in  the 
air  blast,  one  reason  seemingly  being  the  protection  of  the 
steel  from  free  oxygen  while  it  is  liot  enough  to  be  oxidised 
thereby.  The  oxygen  of  the  air  blast  forms  a  scale  of  oxide 
on  the  hot  steel  and  the'  oxygen  probably  penetrates  the 
metal  below  the  scale  to  some  extent,  injuring  the  quality 
as  deep  as  it  goes.  A  tool  on  its  second  grinding  when  the 
oxidised  metal  is  removed  may  then  give  better  service  than 
on  the  first,  unless  the  first  grinding  has  for  that  reason 
been  heavy  enough  to  remove  the  oxidised  metal. 

In  some  shops,  however,  the  ori^nal  treatment  recom- 
mended by  Taylor  and  White  is  given,  the  cutting  edge 
of  the  tool  being  heated  to  incipient  fusion  and  then  im- 
mersed in  a  bath  of  melted  lead  at  about  565°  C.  (1050。  Fah.). 
The  heating  is  done  in  a  small  furnace  over  a  deep  coke  fire, 
blown  by  an  air  blast,  so  that  the  environment  of  the  tool 
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while  being  heated  is  substantially  noii-oxidising.  Flanies 
of  carbonic  oxide  play  out  of  the  openings  tluough  which 
the  tools  are  inserted,  indicating  little  if  any  free  oxygen 
within.  In  these  sliops,  however,  milling  cutters  and  other 
tools  that  are  niacliined  to  a  particular  form  are  treated  by 
heating  them  to  a  slightly  lower  temperature,  in  order  not  to 
damage  the  cutting  edges,  and  then  plunging  them  into  cold 
oil. 

When  cooled  to  the  temperature  of  the  lead  it  is  taken 
out  and  placed  in  an  air  blast  to  complete  the  cooling.  Some 
tools  desired  to  be  especially  tough  so  as  not  to  break  in 
service  are  given  a  second  heating  to  565。  C.  and  then  cooled 
in  the  open  air  or  air  blast  if  saving  time  is  important. 
High-speed  steel  when  well  annealed  will  bend  considerably 
without,  breaking,  even  in  as  large  a  section  as  2Un.  by  l:^in., 
the  bending  being  edgewise,  as  in  a  tool  at  work.  Whether 
a  rapid  steel  is  made  harder  by  the  heat  treatment  given  it 
depends  somewhat  on  the  condition  of  the  bar  before  treat- 
ment. If  it  has  previously  been  annealed,  the  treatment 
hardens  it,  whereas  heat  treatment  may  not  harden  a  piece 
ill  the  natural  state.  The  hardness  of  the  steel  when  cold  is 
not  the  determining  factor  of  usefulness  in  any  case.  It  is  tlit 
hardness  when  heated  under  conditions  of  work.  The  cutting 
edge  of  a  rapid-steel  tool  at  work  is  probably  never  as  hot  as 
the  metal  just  back  of  it,  where  the  heating  caused  by  the 
friction  of  the  chip,  as  it  is  deflected  and  rubbed  hard  on  tlie 
tool,  is  most  intense.  The  edge  itself  is  kq)t  relatively  cool  by 
the  cold  metal  flowing  upon  it. 

(To  he  continued.) 


DIESEL  ENGINE  USERS'  ASSOCIATION. 

The  June  meeting:  of  the  Diesel  Engine  Users'  Association  was 
held  at  the  Institution  of  Electrical  Engineers  at  a  rather 
later  date  tlian  usual.  It  was  arranged  that  this  jneetino 
should  be  held  during  the  week  that  the  Incorporated  Muni- 
cipal Electrical  Association  were  holding  their  annual  meeting 
in  London,  so  that  several  members  who  perhaps  otherwise 
could  not  often  conveniently  come  up  to  town  might  have  an 
opportunity  of  att-endinoj  the  Diesel  Engine  Association's 
meeting.  Mr.  A.  J.  C.  De  Renzi  (Corporation  of  Newcastle- 
inider-Lyme)  made  a  suggestion  that  the  association  should 
hold  one  meeting  in  each  year  in  an  important  centre  outside 
London,  such  as  Maiiche.ster,  BinninghaTn,  &c,，  so  that 
engineers  in  those  parts  who  took  an  interest  in  the  work  of 
the  association  might  take  the  opportiuiitv  of  attending  its 
deliberations  and  discussions.  He  referred,  however,  to  the 
fact  that  the  main  advantage  of  mer"l)ership  consisted  not  so 
much  ill  actual  attendance  at  meetings,  hut  in  the  receipt  of 
the  roimtmiiications,  reports  of  proceedings,  and  useful  data 
on  varimis  subjects  which  were  collected  liy  the  association  and 
circulated  among  its  Tiiembers.  This  was  emphasized  by  the 
fart  ill  at  the  isrent  inajoritv  of  the  inenibers  were  located  in 
distant  i>arts  of  tVie  ('mnitry,  in  tlie  oversea  cloininions.  r.nd  in 
foreign  parts.  The  jirrsideiit,  Mr.  GeofTrev  Porter  (Cor^jora- 
tion  of  Worthing),  stnted  that  Mr.  De  lienzi's  suggestion 
won  If]  receive  the     reful  ntiention  of  the  committee. 

The  Use  of  Tar  Oih  as  FtfeJ  iu  7 力 V,、v7  Enr/inea  :  The  Gervmn 
rntenl. — A  motion  h\  Mr.  H.  Leslie  Dixon  (Leatherheacr>, 
s£conc)ocl  bv  Mr.  C.  O.  Milton  (Maidenhead^,  that  the  associa- 
tion phould  sujjport  the  application  of  the  Suffolk  Electriciiv 
Supply  Company,  Ltd.,  to  the  Bcmcl  of  Trade  for  tlie  voiding 
or  rusnension  duriiip^  tlie  war  of  the  Goniian  patent  in  regard 
to  "  imnrovemeiits  in  internal-combust  ion  engines  "  to  enable 
tir  oils  to  he  nsed  as  fuel,  was  discussed.  Tt  was  pointed  out  that 
r'lthouo^h  at  present  anv  rovalties  would  be  paid  to  the  Public 
Trust oe.  the  Germans  mio^ht  eventually  benefit  as  a  direct 
rrsnlt  of  the  war  in  consequence  of  the  increased  price  of  crude 
ppfroloum  oil,  wliich  led  to  the  present  demand  for  tar  oils  as 
fuel  for  Diesel  encjines.  Further,  on  public  and  patriotic 
grounds,  the  association  should  support  any  movement  which 
would  tend  to  the  ))resor\^ation  and  most  economical  use  of  the 
coal  reserves  of  tlie  country.  The  motion  was  carried 
unanimously. 

Oil  Tl-nffine^  aiul  Sfernn  EiupncR  in  Co  inltifuifion . —— An  inte- 
resHng  paper  on  this  suhiect  was  read  1>v  the  president,  Mr. 
OoofFrev  Porter,  in  which  he  discussed  tlie  problems  met  with 
in  extpnclincr  a  romparativelv  inefficient  steam-driven  s^enerat- 
ijior  station  of  about  1  ,.100  kw.  capacity,  of  which  tliere  are 
larirp  nninbors  in  various  parts  of  the  counlry-  Ho  dealt 
with  the  Hubject  from  the  point  of  view  of  capital  costs  and 


\vorkins{  costs,  and  produced  tables  showing  comparisons  of 
actual  results  obtained  by  the  introduction  of  Diesel  engine 
plant  at  various  works.  He  referred  to  troubles  in  the  work- 
ing of  Diesel  engines,  which  were  to  be  expected  in  connection 
with  the  development  of  any  new  form  of  engine,  but  stated 
that  in  liis  own  experience  he  could  not  desire  better  or  more 
consistently  reliable  working  than  he  had  obtained.  All  the 
examples  of  generating  stations  in  which  Diesel  engine  plant 
had  been  put  down  as  an  extension  to  the  steam  plant  showed 
a  remarkable  diiriiimtion  in  working  costs.  An  important 
advantage  of  the  Diesel  engine  over  steam  plant  was  that  any 
irregularity  or  inefficiency  in  working  'became  obvious  at  once, 
and  could  receive  prompt  attention,  and  the  author  was  con- 
vinced that  a  Diesel  engine  plant  could  much  more  readily  he 
kept  in  good  economical  working^  condition  than  the  average 
steam  plant. 

F uel  Oil  Si/ /〃 山； '-、 '.——Before  concluding  Mr.  Porter  referred 
to  the  benefit  which  Diesel  engine  users  had  obtained  from  the 
discussion  of  certain  important  subjects  at,  recent  meetings  of 
the  association,  such  as  the  lubrication  of  Diesel  engines,  and 
troubles  in  connection  with  air  compressors.  The  question  of 
fuel  oil  supplies  was  also  one  of  the  greatest  importance,  and 
the  present  war  had  opened  our  eyes  to  the  manner  in  which 
this  great  and  rich  country  had  become  dependent  on  others 
for  absolute  necessities.  The  fuel  oil  question  could  be,  and 
would  he,  salved  by  our  own  chemists  and  engineers.  Tlie 
matter  was  of  more  than  sectional  interest,  it  was  of  national 
interest.  Our  engines  would  work  well  on  the  products  of  the 
distillation  of  coal,  that  coal  which  to-day  was  used  so 
uneconomicallv  that,  under  the  "best  conditions,  onlv  10  to 
20  per  cent,  of  its  energv  value  is  utilised,  the  rest  g^oine  to 
waste.  Continental  users  and  inanufactiirers  of  Diesel  engines 
had  iised  tars  and  tar  oils  with  success  for  many  years,  and  we 
should  do  so  too.  There  was  an  openine^  for  a  new  market  for 
the  bv-prochicts  of  gasworks,  blastfurnaces,  2:as  producers,  and 
]ow- temriei'ature  coal  distillers  which  should  he  well  worth 
cultivating.  When  that  was  established  we  should,  at  any 
rate  in  one  direction,  be  an  iiiclep-endent  people.  England's 
(greatest  commercial  asset  was  her  coal.  Her  position  in  the 
trade  of  the  world  was  chiefly  due  to  this  gift  of  the  gods.  Tt 
was  the  business  of  Tnanufacturers  and  users  of  power  iilants  in 
particular  that  it  should  be  adequately  conserved.  In  work- 
iiig  our  coal  deposits  we  were  indeed  liviiic^;  on  our  capital  ；  the 
greater  reason,  therefore,  to  use  it  to  the  best  advantage. 

The  next  meetincr  of  the  association  will  be  held  on 
Wednesday.  July  12th.  Further  infonnation  nnd  particulars 
coiioemino-  the  association  esn  be  obtained  from  the  hon. 
？ rcTTtnrv  Mr.  Percy  Still,  '9,  Cadogan  Gardens,  Imidoii,  S.W. 


HEAT  TREATMENT  OF  DROP  FORCINGS. 

In  a  paper  presented  V)v  W.  C.  Peterson  at  tlie  an  mini  con- 
vention of  tlie  American  Drop  Forire  Assooiation,  tlie  author 
sujiiniarised  the  heat-treatment  of  fm'gings  as  follows : 
For  lyings  must  not  be  heated  too  liot.  Tliev  should  he  worked 
continuously  down  to  the  finishing  temperature.  Tliis  finish- 
ing temperature  should  not  be  too  far  above  the  critical  range, 
nor  below  it.  The  influence  of  the  heat-treatineiit  of  for  gin  or? 
is  dependent  more  or  less  upon  the  proper  hot  working  of  tlie 
forcings.  Collectively  these  facts  tend  towards  a  sugcreAtio 
which  could  be  worked  out  to  the  benefit  of  botli  the  vendc 
and  consumer  of  forgings  alike.  Since  Quality  is  the  watch- 
word of  the  present  "  up-to-the-minute  "  manufacturer,  and 
since  we  know  that  unifovmitv  is  absolutely  essential  to  good 
foi'gings,  could  it  not  be  arranged  to  standardise  more  than 
ever  such  operations  as  proper  working  temperatures,  proper 
fiiiisliing  temperatures,  mini  1)6 r  of  blows  to  a  forging,  &c.  ? 
Such  standardisation  would  mean  iiicreaFed  output  and  like- 
wise better  forgings.  In  time,  studying"  along  these  lines,  it 
Tiii^^lit  be  found  that  the  introduction  of  motion  study  would 
])la V  a  very  important  part  in  produciiis^  more  forgins^s  of  a 
vei'v  higli  grade  of  workmansliip. 


Personal.  ― Dr.  Henry  Marion  Howe,  Professor  of  Metal- 
lurcry  of  Columbia  University,  New  York,  lias  just  been 
elect od  an  honorary  vice-president  of  tlie  Iron  and  Steel 
Institute.  The  Bessemer  Gold  Medal  of  the  Institute  was, 
awarded  to  Dr.  Howe  in  1895  in  recognition  of  his  great 
work  ill  tlip  advaiicottient  of  rnotnllurc^ical  scieiice  and  know- 
lodge. 
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SOME  BOILER  PROBLEMS  AND  THEIR  SOLUTIONS.* 

ItY   U.  TUOMrSON.f 

{Concluded  from  jxu/r  Vol.  XXA'  \'/L) 

Au'  classes  of  boilers  suffer  if  feed  water  is  bad.  It  should  if 
]K)ssihle  be  of  good  quality.  If  it  is  impure  the  best  possible 
metliocl  ot  dealing  with  it  is  same  apparatus  outside  the  boiler 
ill  which  the  water  is  purified  of  any  deposit  or  scale-forming 
matter,  and  any  acid  tendency  neutralised.  Treatment  of 
feed  water  by  re-agents  inside  the  boiler  is  the  plan  most 
connnonly  adopted,  various  chemical  bodies  being  used  for  this 
purpose.  There  is  no  re -a  gent  or  composition  which  is  suit- 
able for  all  feed  waters.  Each  case  should  be  treated  on  its 
own  merits,  and  before  deciding  on  the  course  of  treatment  for 
any  feed  water  it  should  be  analysed  by  some  independent 
analyst  who  has  no  axe  to  grind,  i.e.,  who  does  not  sell  the 
chemical  compound  to  be  used. 

ludiscriininate  use  of  boiler  compositions  sometimes  leads 
to  serious  damage  to  steam  boilers,  and  in  the  majority  of 
cases  to  needless  expense.  The  use  of  composition  inside  a 
boiler>  even  if  ineffective,  does  not  render  it  unnecessary  to 
clean  the  boiler.  Composition  cannot  be  made  into  a  laundry 
maid,  and  usually  all  that  takes  place  wheu  composition  is 
doing  what  it  is  intended  to  do  is  that  the  scale  or  deposit  is 
rendered  soft  and  comparatively  easy  to  remove  and  the  boiler 
requires  rei^ular  cleaning  and  scaling  just  as  if  no  composition 
were  used.  When  there  is  a  large  quantity  of  scale-forming 
matter  in  the  feed  water  it  will,  unless  removed  by  frequent 
cleaning  out  or  by  some  other  effective  manner,  rapidly 
accumulate  in  the  boiler  and  very  probably  lead  to  dangerous 
overheating  of  the  furnace  plates  or  other  parts  of  the  boiler. 

Grease  or  oil  in  feed  waters  is  always  objectionable,  as 
cither  by  the  thickening  of  the  water  or  forming  of  a  film  of 
grease  on  the  plates  it  prevents  free  transmission  of  heat  and 
leads  to  overheating  with  the  consequent  cracking,  bulging, 
distortion,  and  increased  wear  and  tear  generally.  Where  a 
flour  like  carbonate  of  lime  or  magnesia  is  deposited  from  the 
feed  water  the  water  is  thickened,  especially  if  grease  or  oil 
be  present.  Even  a  small  amount  of  floury  deposit  may  in 
conjunction  with  oil  and  grease  lead  to  overheating.  In  some 
cases  overheating  is  due  to  the  formation  of  greasy  deposit  on 
the  furnace  plates  obstructing  the  passage  of  heat-  through  the 
furnace  plates  to  the  water.  In  other  cases,  although  no 
accumulation  of  greasy  deposit  be  found  on  the  furnace  plates, 
a  mixture  of  oil  or  grease  with  the  floury  deposit  renders  the 
water  like  milk,  preventing  free  ebullition  of  steam  and  so 
resulting  in  overheating. 

Even  if  there  was  no  danger  of  overheating,  which  there 
certainly  is,  all  oil  or  grease  should  be  kept  out  of  the  feed 
water  as  far  as  possible,  for  oil  is  a  well-known  non-conductor 
of  heat,  and  it  has  been  demonstrated  that  a  film  of  ^"ease 
one-hundredth  of  an  inch  thick  offered  a  resistance  to  the 
passage  of  heat  equal  to  a  steel  plate  lOin.  thick.  In  other 
words,  grease  offered  a  resistance  a  thousand  times  greater 
than  steel,  so  I  think  you  will  agree  with  me  that  it  is 
absolutely  essential  to  keep  the  feed  water  as  free  from  oil  and 
grease  as  possible.  If  ever  I  find  oil  or  grease  or  even  traces 
of  ，'卜 in  a  boiler  I  try  to  find  the  source  from  which  it  comes, 
and  then  if  possible  have  it  stopped  from  getting  into  the  feed 
water.  I  rnie^ht  say  that  in  several  cases  I  have  found  the 
drain  pipes  from  the  engine  were  led  direct  into  the  well  from 
A'Viicl)  the  feed  wat^r  was  taken.  This  lias  been  done  with  a 
view  to  saving  the  condensed  water  from  the  cylinder,  but  a 
better  method  of  getting  grease  or  oil  into  the  boiler  could  not 
very  well  have  been  adopted,  and  all  drains  from  engine 
cylinders  should  be  led  clear  away  from  the  feed  water  supply. 

Sometimes  grease  will  find  its  way  from  the  engine  founda- 
tions into  the  well  from  which  the  feed  water  is  taken.  I 
recently  came  across  a  case  where  there  was  a  special  pipe  from 
the  suction  side  of  the  feed  puin p  to  the  flywheel  race  which 
in  case  of  heavy  rain  got  flooded.  This  water  and  also  the  oil 
and  grease  was  then  pumped  out  of  the  wheel  race  into  the 
Vioiler.  One  source  of  oil  eretting  into  feed  water  is  when  the 
exhaust  steam  is  run  into  the  water  in  order  to  heat  it,  and  in 
this  case  an  oil  separator  should  be  fitted  to  the  exhaust  steam 
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))i ])('.  Tlicre  ； ire  several  t';iii  ly  ciliciciil  scpai  alois  now  on  t  lie 
market .  This  applies  to  iKJii-coiideiiHin^  en^iiieH  only. 
Allot lior  source  of  oil  and  grease  getting  into  t.lio  lx)ilfti'  is 
wluMi  the  feed  wat<M*  is  taken  from  the  hot  well  of  a  reciprocat- 
ing^ fontleiisiiit^  engine,  and  it  is  inevitable  that,  oil  ； ui(l  a»o, 
more  or  less  will  gat  into  the  boilers  unless  means  are  adopted 
for  removing  the  grease  from  the  exhaust  s  tea  in  before  it 
reaches  the  condenser  or  the  feed  water  before  it  enters  1  lio 
l)oiler.  To  remove  oil  from  the  f'e^cl  water,  various  mthods  are 
in  use. 

Filtration  alone  is  not  satisfactory,  as  the  greater  poi'tion 
cf  the  oil  is  present  in  the  form  of  an  emulsion  wliicli,  when 
examined  under  the  microscope,  is  seen  to  consist  of  minute 
globules  of  oil  in  suspension.  These  globules  are  many  times 
smaller  than  any  filtering  medium.  The  diameter  of  these 
globules  beincr  from  1/50,000  to  1/100,000  of  an  inch,  and  in 
consequence  they  pass  forward  through  the  filter  to  the  boiler, 
where  they  are  taken  up  by  the  deposit  present.  Extraction 
of  oil  rnav  be  acconi]>lished  by  means  of  a  separator  from  the 
exhaust  steam  before  it  passes  to  the  condenser.  The  general 
principle  of  action  of  an  exhaust  steam  separator  is  to  mate- 
rially reduce  the  velocity  of  the  steam  and  to  change  the  direc- 
tion of  motion.  Then  the  oil  settles  out  and  can  be  collected. 
The  majority  of  these  vessels  acts  fairly  well  where,  the  pres- 
sure does  not  fall  below  that  of  the  atmosphere,  but  when 
interposed  between  the  low-pressure  cylinder  of  an  engine  and 
the  jet  or  surface  condenser  the  efficiency  is  not  so  good  owing 
to  the  increased  velocity  of  the  steam,  due  to  the  vacuum  and 
the  impracticability  of  having  a  separator  large  enough  to 
sufficientlv  reduce  this  velocity. 

The  chemical  treatment  combined  with  filtration  consists 
of  a  formation  in  the  nature  of  a  gelatinous  precipitate  which 
will  cause  the  oily  globules  to  adhere  to  it,  thereby  forming  a 
sticky  residue  which  can  be  removed  by  filtration.  This  is 
one  of  the  most  reliable  methods  :  but  even  with  this  method 
special  attention  is  required  to  filters  in  order  to  keep  these 
clean,  or  oily  deposit  is  liable  to  find  its.  way  through  the  filters 
to  the  boilers.  The  best  method  to  adopt  in  general  cases  will 
vary  according"  to  circumstances.  Where  exhaust  steam  is 
used  for  heating  the  feed  water  the  quantity  of  oil  used  in 
engine  cylinders  should  he  restricted  to  just  what  is  necessary 
and  not  used  as  I  have  seen  in  some  cases.  There  is  a  big 
difference  between  a  piston  being  properly  lubricated  and  to  its 
being  floated  in  oil.  All  modern  and  up-to-date  engines  are 
filled  by  a  pump  or  other  means  of  constant  lubrication,  which 
can  be  regulated  (within  certain  limits)  to  any  given  quantity  ； 
but  with  some  of  the  older  types  of  engines  the  method  of 
lubrication  still  retained  is  the  large  and  wasteful  oil  cup  fixed 
on  the  cylinder.  When  I  say  wasteful  I  mean  it  in  this 
respect.  The  cup  is  filled,  say,  every  hour,  and  then  in  some 
cases  the  valve  at  the  bottom  of  the  cu])  is  opened  full  bore, 
and  ill  other  cases  some  attempt  to  regulate  the  flow  of  oil 
into  the  cvlinder  is  made  by  partly  opening  this  valve  and  then 
trusting  to  luck  for  tlie  result,  which  is  about  all  that  can  be 
done  with  this  type  of  lubricator,  as  the  oil  cannot  he  seen  in 
its  passag^e  to  the  cylinder  and  therefore  the  rate  of  flow  cannot 
be  re  emulated  with  any  deg^'ee  of  certainty.  What  usually 
takes  place  in  a  case  like  this  is  that-  for  a  very  short  period 
an  excessive  amount  of  oil  is  passing  into  the  cylinder  and 
thence  with  the  exhaust  steam  to  the  feed  water.  Then  for 
the  remaining  part  of  the  time,  until  the  cup  is  filled  again,  the 
piston  will  be  working  practically  without  lubricant,  which  of 
course  tends  to  cause  undue  wear  and  tear  of  the  piston, 
cylinder,  and  valve,  and  increased  friction,  which  means 
increased  fuel  consumption.  , 

I  will  now  deal  with  cleaning  of  boilers.  It  is  necessary 
that  boilers  should  be  opened  out  regularly  for  internal  clean- 
ing. The  proper  period  for  this  depends  on  the  nature  of  the 
feed  water  and  the  amount  of  work  done.  The  exact  period  for 
cleaiiin."'  a  boiler  should  be  determined  by  careful  consideration 
and  observation  of  the  working  of  the  boiler.  It  is  important, 
but  impossible  in  a  paper  like  this,  to  give  an  approximate 
lime  that  should  be  allowed  between  one  rleaning  and  another, 
for  in  some  cases  owing  to  the  feed  water  and  the  amount  of 
water  evaporated,  there  will  he  as  much  scale  deposited  on  the 
plates  in  a  week  as  there  is  in  other  cases  in  a  month  ；  so  that 
r'Ach  case  must  be  decided  on  its  own  merits.  The  internal 
cleaning  of  boilers  is  a  very  important  matter,  and  should 
receive  ni ost  careful  attention  from  owners  and  engineers  in 
charge  of  steam  ]>laiits  generally,  for  accumulation  of  scale  is 
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not  only  objectionable  beoause  it  prevents  tlie  proper  traiis- 
inissiou  of  heat,  through  the  plants,  but  it  may  also  be 
dangerous,  as  it  conceals  any  wasting  or  corrosion  which  may 
be  going  on  beneath  it,  and  many  serious  explosions  have 
arisen  from  this  cause. 

I  regret  to  say  that  the  scaling  of  boilers  does  not  receive 
the  attention  it  might  or  should  do  in  many  cases.  Even  after 
the  boiler  is  supposed  to  have  been  prepared  for  inspection  it 
is  no  uncommon  thing  to  find  the  plates  buried  in  scale  to 
such  an  extent  that  neither  seams  nor  rivets  caii  be  seen  in  the 
lower  part  of  the  shell,  and  I  have  on  more  than  one  occasion 
found  the  water  space  between  the  furnaces  and  shell  choked 
with  deposit.  Then,  if  the  furnace  plates  bulge  or  crack,  or 
the  circular  seams  in  the  shell  spring  open  and  start  leaking, 
whicli  is  no  unusual  occurrence,  the  owners  wonder  how  it 
happened  and  want  to  blame  either  the  boiler  or  the  makers 
for  it.  But  what  I  wonder  at  is,  there  are  not  more  accidents 
than  there  are  when  boilers  are  worked  under  these  conditions, 
and  it  speaks  volumes  for  the  material  and  construction  of  the 
modern  boiler.  Another  important,  point  is  the  waste  of  fuel 
in  boilers  heavily  coated  with  scale.  I  feel  certain  that  if 
owners  and  eno^ineers  generally  were  aware  of  the  excessive 
waste  of  fuel  due  to  this  cause  they  would  take  greater  pre- 
caution to  ensure  that  the  boilers  were  kept  more  free  from 
scale  than  tliev  are  at  present  in  a  number  of  cases,  to  say 
nothiiicr  of  the  risk  of  a  serious  accident  and  the  shortening  of 
the  life  of  the  boiler  due  to  the  frequent  overheating  of  the 
jilates  when  l^oilers  are  worked  in  this  condition.  I  may  say 
that  anions:  eiiirineers  scale  is  a  well-known  non-conductor  of 
heat,  and  it  has  been  stated  that  theoretically  丁 丄"". of  average 
scale  necessitates  the  expenditure  of  16  per  cent,  more  fuel, 
-jin.  of  50  per  cent.,  and  iin.  of  150  per  cent,  extra  fuel  to 
generate  the  same  amount  of  steam ,  which  is  a-  very  serious 
item  considering  the  price  of  fuel  at  the  present  time. 

There  is  one  method  of  cleaning  boilers  sometimes  adopted 
which,  taken  from  an  economical  point  of  view,  I  do  not  agree 
with,  viz.,  where  boilers  are  cleaned  internally  about  every  six 
weeks  or  two  months,  and  the  flues  are  allowed  to  run  six 
months,  and  in  some  cases  twelve  mouths  between  each  clean- 
ing. Some  owners  and  managers  seem  to  think  that  it  does 
not  matter  about  soot  beiii"-  in  the  flues  so  long  as  the  steam 
can  he  niaintained  in  the  boiler.  It  is  a  case  of  "  out  of  sight 
out  of  mind,'*  and  I  feel  certain  if  they  had  the  least  idea  of 
the  amount  of  fuel  absolutely  wasted  when  the  flues  are 
practif'allv  choked  with  soot  they  would  not  treat  this  matter 
so  indifFereiitlv  as  they  do  at  present.  Soot  is  a  well-known 
pon-coiid iictor  of  heat,  and  it  is  no  unconiman  thing  for  me 
to  find  the  flue  plates  heavily  coated  with  soot  hanging;  like 
snow  flakes  even  after  the  boilers  are  supposed  to  have  been 
prepared  for  inspection.  Of  course  T  am  fullv  aware  that  the 
nature  of  the  fuel  and  the  draught  has  a  considerable  bearins^ 
on  the  soot  deposited  on  tlie  plates  and  in  the  flues,  and  what 
T  would  sui^ijest,  to  those  in  authority  over  boilers  is  to  have 
them  cleaned  thoroughlv  both  internally  and  externally,  and 
tlien  note  carefully  week  hy  week  the  amount  of  fuel  used. 
If  the  load  is  of  a  fair  average,  and  tlie  l)oiler  is  working  up  to 
.iiiythiiie  like  its  normal  capacity,  they  will  find,  after  about 
the  third  week,  an  increase  in  the  amount  of  fuel  used,  wliich 
will  gradually  increase  week  bv  week  until  the  boiler  is  cleaned 
acrain.  Of  course  I  admit  this  increase  will  vary  according  to 
the  nature  of  the  fuel  and  feed  water  used,  but  when  scale  and 
soot  are  allowed  to  accumulate  on  the  boiler  plates  the  amount 
of  fuel  will  increase  accm.cHnglv.  The  ])laii  I  have  just  men- 
tioned, if  carefully  adopted,  will  give  a  fairly  good  idea  of  liow 
boilers  should  be  cleaned. 

With  regard  to  the  cooling  and  emptyin;"  of  a  boiler,  this 
should  be  done  as  gradually  as  possible,  and  when  there  are  two 
or  more  boilers,  so  that  one  can  be  cleaned  while  the  others 
are  at  work.  The  best  plan  is  to  allow  the  boiler  to  stand  for 
two  or  three  days  before  running  the  water  off,  for  rapid 
f'fioling  tends  to  cause  straining  or  fracture  at  the  seams,  and 
tlie  slow  cooling  avoids  this.  Of  course,  where  there  is  only 
one  ])oiler  it  is  not  feasi})]e  to  let  it  stand  two  or  three  days, 
ami  the  man  in  charge  has  to  do  the  best  he  can  under  the 
rirruiiistanoes.  There  is  one  method  of  eTiiptying  and  cooling 
a  boiler  that  is  the  most  ol)jert ioiiable  I  know,  and  that  is  to 
blow  the  boiler  off  under  jiressiire  and  then  to  run  cokl  water 
in,  in  order  to  cool  it  more  rapidly.  This  ])lan  should  never 
be  adopted,  as  it  always  is  likelv  to  seriously  injure  tlie  boiler. 
Tlie  sudden  strains  which  are  set  up  by  the  cold-  water  running 


cm  to  the  hot,  plates  may  »et  up'  fractures  through  the  lines  of 
rivets  forming  the  seams,  whicli  cannot  he  detected  in  the 
ordinary  way,  and  which  may  lead  to  explosions  and  loss  of 
life  when  the  boiler  is  worked  again.  I  do  not  recommend 
even  the  following,  but  it  is  probably  the  least  objectionable 
method  of  rapid  cooling;  that  is，  the  plan  of  introducing  cold 
water  at  the  same  time  as  the  hot  water  is  run  out.  Where 
there  is  a  iarge  amount  of  water  available  for  carrying  out 
"lis  plan,  the  boiler  is  fed  at  the  same  time  as-  the  hot  water 
is  allowed  to  run  away  at  the  blow  out,  the  inflow  being 
adjusted  to  the  same  rate  as  the  outflow.  By  this  means  the 
whole  body  of  water  in  the  boiler  is  cooled  gradually,  and,  ot 
course,  the  temperature  of  the  plates  below  the  water  level 
follows  that  of  the  water.  This  plan  ensures  the  cooling  of  the 
boiler  shell  without  straining  it  so  much  as  is  done  when  the 
boiler  is  blown  off  under  pressure.  But  whatever  method  is 
adopted,  the  cooling  of  the  boiler  should  be  as  gradual  as  the 
circumstances  will  peiinit. 

While  on  the  question  of  cleaning,  I  should  like  to  mention 
the  safety  valves,  which  are  most  important  fittings,  and 
should  receive  most  careful  attention.  Thev  should  be  kept 
clean  and  in  good  condition.  Whatever  the  type  of  safety 
valve  used,  when  the  boiler  is  working  it  should  be  tested  at 
least  once  daily  to  make  sure  that  it  is  in  thorough  working 
order,  and  when  the  boiler  is  off  for  inspection  these  valves 
should  be  taken  adrift  so  that  they  can  be  examined  at  the 
same  time.  The  best:  and  most  reliable  type  of  valve  for 
stationary  boilers  is  the  internally-loaded  pendulous  dead 
weight  type,  which  has  been  improved  during  recent  years  to 
such  an  extent  that  it  is  practically  on  the  swing  all  the  time 
■he  boiler  is  working,  and  can  be  spun  round  as  if  it  was  on 
ball  bearings  and  still  be  steam  tight. 

When  lever  and  weight  safety  valves  are  fitted  there  should 
be  one  weight  only  adjusted  to  give  the  maximum  load  when  it 
is  at  end  of  the  lever.  Adding  odd  weights  to  obtain  the 
desired  pressure  is  objectionable  and  dangerous  and  is  liable 
to  lead  to  overloading,  which  1  have  found  many  times.  When 
properly  designed  with  knife-edge  fulcrum  and  no  wings  in  the 
valve,  tliis  type  of  valve  is  satisfactory.  Many  valves  of  this 
type  are,  however,  unsatisfactory  and  require  Special  care  to 
ensure  that  they  lift  freely  when  blowing  off  pressure  is 
reached.  The  safety  valve  in  all  cases  should  be  connected  to 
the  steam  space  of  the  boiler  by  a  separate  branch,  which 
serves  for  this  fitting  only. 

I  have  come  across  numerous  cases  of  maltreatment  of 
safety  valves,  and  just  to  give  you  an  idea  of  the  risks  some 
people  take,  I  will  mention  several  cases.  In  one  case  I  found 
the  lever  wedged  down  by  a  chisel  driven  into  the  guide  fork. 
This  boiler  was  supposed  t,o  have  been  prepared  for  a  thorough 
examination  when,  in  accordance  with  the  Factory  Act,  all 
niountino^s  should  be  opened  up  for  inspection.  In  another 
case  of  a  Lancashire  boiler  with  only  one  safety  valve,  which 
was  a  coini)ouiK.I  hii^h-steain  ami  low-water  type,  the  boiler  was 
working*.  I  lifted  the  lever,  and  as  the  steam  did  not  escape 
I〕nst  the  valve,  I  tried  to  ascertain  the  cause,  and  found  the 
f  entre  spindle  for  the  low-water  alarm  had  been  removed  and 
a  sheet-steel  disc  about  iin,  thick  had  been  fixed  between  the 
joint  to  valve  casing  and  the  mounting  on  the  boiler.  Tins 
entirely  blocked  the  thoroughfare  to  the  valve.  On  enquiring 
the  reason  for  this,  the  eiigiiienian  said  the  valve  had  been 
leakine:  and  he  had  pvit  in  tliis  disc  to  save  steam.  Another 
rase,  about  three  years  ago,  was  a  silk  mill  with  a  Galloway 
boiler  about  45  years  old.  I  found  it  working  without  safety 
valve  entirely.  The  valve  had  been  removed  about  a  fortnight 
ago  to  have  a  new  seating  and  valve  fitted. 

I  came  across  a  case  recently  where  they  have  a  rather  old 
Cornish  type  of  boiler,  fitted  with  an  ordinary  lever  and  weight 
safety  valve,  and  at  one  of  my  periodical  visits  I  found  a  board 
； I  bout,  6ft.  by  12in.,  one  end  of  which  was  resting  on  the  wall 
at  front  end  of  the  boiler  while  the  other  end  was  on  the  safety 
valve  lever.  On  this  board  were  three  large  saggers,  such  as 
are  used  for  sanitary  ware.  These  saggers  had  been  put  there 
to  dry.  I  think  the  most  deliberate  case  of  overloading  I  have 
ever  met  was  in  this  district  a  few  years  ago.  This  was  a 
vertical  l)()iler  fitted  witli  an  ordinary  】ever  and  weight  safety 
valve.  When  I  arrived  at  this  place  I  found  that,  in  addition 
to  the  ordina rv  weight,  tliere  were  two  cog  wheels  secured  by 
a  piere  of  strong  wire,  a  miner  s  lamp,  and  a  fire  ])oker  about 
7I'1 .  long,  ； ill  hiiiig  on  the  oiul  of  the  safety  valve  lever. 

These  are  only  a  few  of  the'  cases  I  have  met  at  difTerent 
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ti"K\s，  and  I  liavc  intMti  ioiuul  1  Iumii  to  show  t  lit'  risk  smm'liim's 
taken,  duo,  in  niv  opiuidii,  more  to  ignorance  of  the  coiise- 
queiu't^s  than  to  ('arolossnoss,  which  shows  limv  (\ss<Miti;il  it,  is 
for  tJio  (nvm、r  of  a  s"、am  plants  to  mala'  siirr  I  iiat  tl"、  m;in  in 
rhar^^e  of  the  hoiltM*  is  qualili(、（l  tor  i\w  job. 

Kxloniiil  ('("Tosio",  that,  is,  wasting  of  the  ()u"'r  surfacos  of 
the  plates  in  one  or  ot her  of  iUs  many  forms,  is  a  coinmoii 
cause  of  deterioration  of  st-eain  boilers,  and  numerous  serious 
explosions  have  occurred  due  to  this.  DaitijHiess  or  moisture 
in  rout  act  with  the  plates  is  almost  cert-ain  to  set  up  corrosion 
and  wasting  sooner  or  later.  It  is  sonietiim、s  due  to  leakage 
past,  the  riveted  joint  of  the  mounting  blocks,  and  also  from 
the  ring  seams  aiid  lonoitiidinal  seams  of  the'  boiler  itself.  In 
other  cases,  as  about-  the  top  and  flue  covers  of  the  boilers,  or 
the  front  cross  walls  or  the'  side'  seatings,  the  dampness  may 
arise  from  external  causes.  The  front  ci oss  wall  is  frequently 
made  damp  about  the  blow-off  pit  by  the  practice  of  slacking 
ashes  against  the  front  end  plate.  This  practice  often  leads  to 
serious  corrosion  of  the  bottom  of  the  end  plate  of  the  angle 
iron  and  other  adjacent  parts,  thereby  necessitating  extensive 
repairs  to  the  boiler  and  replacement  of  the  blow-off  pipe  and 
cocks.  Leaky  water  gauge  cocks  and  defective  drainage  of  the 
blow-off  pit  are  also  common  sources  of  dampness  and  conse- 
quent corrosion  about  the  blow  off.  Ashes  should  not  on  any 
account  be  slaked  against  the'  front  end  plate,  neither  should 
they  be  allowed  to  lie  there'  even  when  not  slaked,  for  if  there 
should  be  air  leakage'  at'  the  front  end  of  the  external  flues, 
there  is  always  the  possibility  of  the'  ashes  getting  into  a  glow- 
ing heat.  This,  acting  on  the  lap  of  the  front  end  plate-  and 
the  anele  iron,  causes  overheating  and  sprin^in^  of  this  seam, 
resulting  in  leakage  past  both  the  seam  and  rivets.  The  conse- 
c|uenoe  is  that  this  seam  has  usually  to  be  re-riveted  before  it 
can  be  made  tight,,  and  even  then,  unless  this  practice'  be'  dis- 
continued, leakage  will  soon  be  as  bad  as  ever. 

Generally,  when  moisture  gets  into  brickwork  it  is  absorbed 
by  it  and  is  kept  in  contact  with  the  plate.  This,  the  most 
favourable  condition  for  external  corrosion,  causes  rapid 
deterioration  of  the  parts  of  the  boiler  in  contact  with  the 
brickwork.  Wlien  there  is  any  indication  of  damp  brickwork, 
the  part  should  at  once  be  bared  so  that  the  source'  of  the 
moisture  may  at  once  be  traced  and  stopped  before  serious 
damage  is  done.  On  the  tops  of  boilers  leakages  from  stoam 
pipe  joints  overhead  often  cause  dampness  of  the!  brickwork 
and  wastine;  of  the  plates.  In  the  case  of  unhoused  boilers, 
the  moisture  due  to  rain  may  run  down  into  the  brickwork 
and,  kept  in  contact  with  the  plates,  set  up  serious  corrosion . 
Such  parts  should  be  bared  re^larly,  but  oi 化 cannot  very  well 
fix  a  definite  time  when  this  should  be  done.  A  ^eat  deal 
depends  on  circumstances,  and  the  g-eneral  condition  of  the 
brickwork.  In  some  cases  joint's  are  kept  well  cement ed,  a 
good  coat  of  tar  is  given  to  it  occasionally,  while  the  brickwork 
over  the  side  flues  slopes  away  from  the  boiler,  which  is  ihe 
correct  things.  Defective  roofing'  over  housed  boilers  is  another 
obvious  but  frequent  source  of  boiler  corrosion. 

I  may  mention  a  Cornish  type  boiler  in  this,  district.  The 
feed  water  tank  was  on  two  brick  pillars  just  outside  the  boiler 
house.  This  tank  was  supplied  with  water  from  the  town 
main  and  reflated  by  an  ordinary  sto]>  cock  about  4ft.  above 
the  level  of  boiler.  At  each  of  my  visits  for  some  considerable^ 
time,  I  noticed  a  little  leakage  past  the  gland  of  this  cock,  and 
the  water  was  dropping  on  to  the  brickwork  about  3ft,.  from 
the  boiler.  There  were  not  the  usual  flue  covers  over  the  side 
flues,  but  the  brickwork  was  set.  in.  On  one  occasion  I  had 
this  brickwork  removed,  and  found  the  plates  corroded  to 
about  ^  in.  deep.  The  brickwork  was  put  back,  but  the 
leakage  past  the  water  cock  was  not  stopped.  This  leakage 
was  not  much,  but  I  suppose  was  going  on  continually. 
Anyhow,  two  years  later,  when  making  the  annual  thorough 
inspection,  I  noticed  oxide  on  tlie  plates  near  the  brickwork  in 
the  right  side  flue,  so，  after  some  grumbling  by  the  manager 
about  the  unnecessary  expense,  &c.，  I  was  causing  them,  he 
had  the  brickwork  removed  and  I  found  the  first,  second,  and 
third  riiiers  of  shell  corroded  to  such  a  serious  extent  that,  it 
was  absolutely  unsafe  to  work  the  boiler  at  any  pressure.  Tlie 
reason  for  the  rapid  corrosion  which  had  taken  place  in  two 
years  time  was  that  when  the;  brickwork  was  put  back,  lime 
mortar  was  used,  and  although  T  had  never  seen  any  dampness 
oil  the  top  of  the  brickwork,  the  water  had  percolated  between 
the  second  and  third  courses  and  was  thus  hidden  from  view 
without  removal.    It  was  3ft,  from  the  boiler  to  where;  the' 


wal cr  was  drippiri;;  mi  I  o  I  lie  hnck  wor  k .  Tli''  mviicr  roin- 
plained  io  me  tlial  lie  was  iioi  aware  of  t liis  k;i^ (！  past  Uie 
i^^Hiul  of  t  he  Ht()]>  cock  or  lie  would  have  had  i(.  Klopiw^d.  1  iold 
liirii  1  IkuI  [xHiit-t^d  it  out  I n  the  manager  at  enrh  viniij  atuJ  also 
lio  would  i'liul  it  in  all  my  reports  For  several  yearn  panl'.  II© 
said  he  never  read  my  reports,  })ut  ihi»  had  "lught'  him  a 
lesson.  TliivS  is  not  an  isolated  cawe,  })ut  an  example'  io  show 
how  essential  it'  is  that  boilers  and  their  surroundings  should 
ho  k opt  as  dry  as  possible,  and  in  case  of  doubl  of  (lanii>ness 
no  heisitatiioii  should  be  rn ad b  about  ihe  removal  of  brick woi*k 
or  other  covering  in  order  io  make  sure  as  to  th e  coridit ion  of 
the  plates. 

It  is  not  a(lvisa])le  to  cover  the  crowns  of  l)oilers  with  brick- 
work. The  covering  should  be  non-conducting  and  made  of  a 
composition  such  that,  if  there  be  any  leakage  heneaih,  1  lie 
covering  will  quickly  indicate  this  by  softening. 

One  of  the  commonest  troubles  in  the  working-  of  a  boiler 
arises  from  leakage  at  the  seams.  Such  leakage  may  he  due 
either  to  defects  of  construction  or  to  bad  treatment.  Amongst 
the  defects  of  construction  are  :  Plates  not  bedded  together  ； 
rivet  holes  not  fair  ；  rivets  not  filling  the  rivet  holes  ；  rivets 
not  gripping  the  plates  sufficiently  ；  insufficient  caulking  ； 
fractures  in  the  plate.  In  all  modem  boilers  all  rivet  holes 
are,  or  should  be,  drilled  from  the  solid  plate  after  the  plates 
have  bent  to'  form,  and  are  fixed  together  in  the  position  they 
will  occupy  when  finally  riveted  up.  After  this  drilling 
through  the  solid  plate  has  been  done,  the  plates  are  taken 
apart,  the  rou^li  edges  formed  by  the  drill  beiiief  removed  by 
means  of  a  countersinking  tool.  The  edge  of  each  hole  is  thus 
left  with  a  slight  countersink  so  that  no  burr  remains  to  lie 
between  the  plates  and  prevent  a  tight  joint  being  made. 

Among  defects  of  treatment  which  lead  to  leakage  are : 
Excessive'  rate  of  working",  neglect  of  cleaning  ；  overheating  ； 
too  rapid  cooling  to  emptying  ；  getting  up  steam  too  quickly  ； 
rapid  variation  of  temperature  causing  straining.  A  case  of 
steaming  too  quickly  came  under  my  notice'  in  which  with 
801bs.  pressure  the  hand  could  be  held  quite  comfortably  on 
lower  part  of  the  front  end  plate. 

If  leakage!  he  due  to  improper  treatment',  care  should  be 
taken  to  avoid  the  cause,  but  in  nearly  all  cases  in  addition 
steps  will  have  to  be  taken  to  make  good  the  defective  parts. 
If  the  leakage  is  only  slight,  as'  a  rule  a  light  caulking  will  he 
sufficient.  This  should  not  be;  done  while'  the  boiler  is  under 
pressure.  It  should  be  remeTiiberecl  that  although  leakages  do 
not  generally  mean  danger,  yet  occasionally  tliey  do'  indicate 
dangerous  conditions.  A  number  of  serious  explosions-  would 
have  been  avoided  if  the  indications  of  leakage  had  received 
proper  attention.  Repeated  chipping  and  caulking  of  seams 
is  objectionable.  If  there  is  very  severe  leakages'  at  a  seam  or 
the  leakae^^e  is  not  stopped  by  light  caulking  it  is'  often  tlie  best 
course  to  draw  some  of  the  rivets  and  to  examine  the  plates 
^hroueh  the  rivet  holes  carefully,  so  as  to  ascertain  whether 
there  is  an  incipient  fracture  between  the  laps.  Sucli  fractures 
have  caused  a  number  of  serious  explosions  and  they  oft  en 
indicate:  their  existence  by  causing  leakage. 

There  are  several  kinds  of  fractures  met'  with  at  t-he  riveted 
seams  of  a  boiler.  The  most  common  is  the  cracked  out  rivet 
hole.  A  defect  of  this  kind  is  not  usually  serious  unless  a 
number  of  the  rivet  holes  near  together  are  cracked  out,  thus 
destroying  the  strength  of  the  lap  of  the'  plate.  In  a  longi- 
tudinal seam  of  the  external  shell  cracked  out  rivet  lioles  are 
more  important  than  in  the  ring  seams.  The  most  serious 
form  of  fracture  at  rivet  holes  is  the  seam  rip.  This  usually 
consists  of  a  fracture  passing  through  several  conseoutive  rivet 
holew  and  entirely  destroying  the  strength  of  the  riveted  seam. 
This  is  a  serious  defect-  in  any  part  of  a  boiler,  and  was  inet 
with  frequently  in  the  cylindrical  externally-fired  boilers  of 
the  old  type.  But  with  the  improved  method  of  construction, 
better  quality  of  plates,  a  number  of  inherent  defects  in  tlie 
old  type  of  boiler  have  now  been  eliminated. 

Before  closing  the  paper,  I  should  like  to  say  a.  few  words 
about  steam  pip-es.  This  important  part  of  the  ])la.iit.  does  not 
in  a  immber  of  cases  receive  the  attention  it  should,  neither 
from  the  point  of  view  of  efficiency  or  safety.  Every  year  some 
lives  are  lost  by  fracturei  of  pipes  or  valve  seatiiigs  by  water 
hammer,  which  can  usually  be  traoed  to  bad  arrangement  of 
tlie  steam  pipes  or  drainage  of  same  and  frequently  both.  For 
efficiency  the  piping-  should  he  as  free*  from  acute  bends  as 
possible  and  should  be  well  covered  with  some  good  non- 
conducting material. 
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For  safety  the  piping  should  fall  in  the  direction  of  the 
travel  of  the  steam  with  a  well  pipe  fixed  in  at  the  lowest 
point,  which  should  be  drained  by  a  good  trap  and  a  separate 
hand-drain.  In  some  cases  a  set  of  ordinary  water  gauge  cocks 
and  glasses  are  fitted  to  the  well  pipes  in  order  to  show  that 
the  drains  are  doing  their  work.  In  most  main  ranges  of 
st^am  piping  a  drain  cock  is  provided  at  or  near  the  lowest 
point,  and  the  owner  is  then  satisfied  that  perfect  safety  is 
secured  hy  the  attendant  opening-  the  cock  and  allowing  suffi- 
cient time  for  the  water  to  escape  before  turning  on  the  steam, 
but,  unless  the  end  of  the  drain  pipe  can  be  seen,  the  opening 
of  tlie  cock  for  a  certain  period  is  no  guarantee  that  any  of  the 
water  has  been  drained  from  the  pipes. 

Accidents  due  to  water  hammer  may  be  summarised  as 
follows  :  Water  is  allowed  to  accumulate  in  the  space  which 
was  designed  for  steam  only.  The  space  is  allowed  to  become 
charged  with  water  arising  from  condensation  of  steam.  At 
some  stage  of  the  operation  when  the  ])ipe  is  partially  filled 
with  water,  steam  is  admitted  and  disturbance  is  caused.  In 
some  cases  the  steam  propels  the  wat^r  until  it  comes  in  con- 
tact with  some  point  at  which  the  strength  of  the  pipe  surface 
is  not  sufficient  to  stop  or  deflect  the  moving  water.  In  other 
cases  the  water  is  violently  propelled  forward  and  afterwards 
recoils  to  the  starting  point.  Of  this  type  are  the  accidents  in 
which  the  stop  valve  on  the  boiler  is  fractured  by  water  which 
has  accumulated  in  a  pipe  rising  from  the  valve.  In  all  cases 
it  is  obvious  that  water  hammer  is  produced  only  v/hen  the 
water  is  caused  (usually  by  wave  action)  to  move  from  one 
T)lace  to  another  and  is  suddenly  arrested  from  rapid  motion. 
Try  cocks  if  used  must  be  very  small  and  opened  for  a  very 
short  time,  otherwise  the  dischars:e'  from  them  may  be  suffi- 
cient to  disturb  the  surface  of  the'  water  in  the  horizontal 
length  of  pipe  and  thus  start  the  water  hammer  they  are 
intended  to  prevent. 

In  nearly  all  cases  of  water  hammer,  the  cause  is  the  dis- 
turbance of  a  comparatively  larg^e  water  surface  in  a  horizontal 
or  inclined  pipe  in  which  water  is  capable  of  moving.  There- 
fore, whenever  there  is  any  doubt  about  the  presence  of  water 
in  such  a  pipe  it  is  dangerous  to  attempt  to  drain  the  water 
away  without  first  shutting  steam  from  the  pipe.  I  may  say 
that  in  nearly  all  cases  recorded  since  the  passing:  of  the  Boiler 
Explosions  Act  in  1882,  the  water  hammer  might  have  "been 
prevented  if  those  who  set  it  in  motion  (and  in  many  instances 
suffered  from  its  effects)  had  understood  the  probable  conse- 
quences of  their  acts. 


STANDARD  TEST  SPECIMENS  OF  ZINC-BRONZE. 

A  BULLETIN  on  "  Standard  Test  Specimens  of  Zinc-bronze," 
by  C.  P.  Karr  and  H.  S.  Rawdon,  has  recently  been  issued  by 
the  United  States  Bureau  of  Standards.  It  covers  an  investiga- 
tion of  test  bars  made  of  a  mixture  consisting  of  copper  88  per 
cent.,  tin  10  per  cent.,  and  zinc  2  per  cent.  It  is  pointed  out  that 
the  test  piocc  should  correspond  to  the  type  of  casting  so  as  to 
be  representative  of  the  principal  physical  properties  of  the 
latter.  Where  it  is  desirable  to  obtain  a  knowledge  of  the 
physical  properties  of  a  casting  made  in  sand,  the  test  bar  should 
be  cast  in  sand  approximately  at  the  same  time  and  from  the 
same  heat.  As  a  result  of  the  experiments  made  at  the  Bureau 
of  Standards,  it  is  possible  to  secure  specimens  cast  to  size  in 
sand  and  T)oured  within  a  range  of  temperatures  from  】，12(r  C. 
to  1，270。  C.，  which  will  have  a  tensile  strength  of  37,000】bs,  per 
square  inrh.  an  elongation  of  15  ])er  cent,  in  2in.,  and  a  reduction 
of  aroa  of  14  por  cont.  Under  conditions  maintaining  in  regular 
foundry  practice,  using  similar  materials,  such  a  test  bar  might  be 
exppctod  to  have  a  tensile  strerifrfh  of  33,000lbs.  per  square  inch, 
an  elonj^ation  of  14  per  cent,  in  2in.，  and  a  reduction  of  area  of 
13  per  cent.  However,  if  a  bar  of  similar  character  be  heat 
treated  to  600°  C.  in  a  furnace  for  30  minutes  and  quenched  or 
allowed  to  cool  in  the  furnace  to  norma]  temperature,  it  may  be 
expected  to  show  a  tensile  strength  of  3f),000]l)s.  per  square  inch, 
an  elonfiation  of  25  por  cent,  in  2in.，  and  a  reduction  of  area  of 
24  per  cent.  The^ results  of  this  investifiation  are  summarised 
as  follows  , ― 

(1)  The  best  type  of  test  bar  where  the  metal  is  to  be  cast 
into  sand' is  the  cast-to-size  shape.  If  the  metal  be  poured 
within  the  range  1,120。  C.  to  1,270。  C,  (2,048°  Fah.  and  2,318° 
Fah.),  greater  uniformity  of  tensile  strength  and  ductility  may  he 
secured. 


(2)  It  was  anticipated  at  the  beginning  of  these  investigations 
that  some  one  temperature  would  be  found  at  which  the  best  and 
most  uniform  results  as  to  the  two  important  physical  properties 
― tensile  strength  and  ductility ― would  be  obtained  ；  but  the 
series  of  tests  showed  that  instead  of  one  such  temperature  there 
was  a  zone  of  temperatures,  1,120。  C.  to  1,270°  C.  (2,048°  Fah. 
to  2,318°  Fah.)，  at  which  good  results  might  be  expected  any- 
where within  that  favourable  zone  of  pouring  temperatures. 

(3)  The  kind  of  mould  to  be  recommended  is  dry  sand,  which 
should  be  poured  either  flat  or  vertical.  The  first  method  is 
more  economical  of  time  and  labour,  but  has,  however,  no 
superiority  over  the  vertical  pouring  in  the  matter  of  technical 
results. 

(4)  The  results  of  the  chill  and  best  sand-cast  test  bar  are  of 
almost  equal  value  if  the  chill  bar  be  annealed  at  temperatures 
ranging  from  500。  C.  to  700。  C.  (932。  Fah.  to  1，292。  Fah.),  but 
otherwise  the  former  is  inferior  to  the  sand  cast-to-size  shape  as 
a  representative  test  bar.  The  advantages  of  the  chill  bar  are 
that  there  .ure  no  moulding  requirements,  and  that  it  can  be 
poured  by  unskilled  labour.  Its  disadvantages  are  that  it  is 
expensive  to  machine  into  shape  and  size  required  for  testing, 
and  it  gives  results  both  as  to  tensile  strength  and  ductility  that 
are  misleading.  The  advantages  of  the  cast-to-size  shape  are 
that  it  is  easy  to  mould  and  inexpensive  to  machine  into  the 
shape  and  size  required  for  testing.  From  the  results  obtained 
it  is  believed  to  be  the  form  which  should  be  adopted  as 
standard  for  general  foundry  practice. 

(5)  Heat  treatment  is  productive  of  increased  ductility,  and 
has  a  marked  effect  on  the  deformation  produced  by  continuously 
increasing  loads  on  specimens  annealed  in  the  temperature  zone 
of  600。  C.  to  700。  C.  (1，112。  Fah.  to  1,292。  Fah.),  which  is  ii^ 
accord  with  the  results  of  other  observers. 

(6)  As  an  alternative  for  the  sand-cast  specimen,  if  one  prefers 
to  work  with  a  chill-cast  specimen,  as  is  the  case  in  some  foundries, 
the  results  show  for  the  few  observations  taken  that  when  annealed 
between  a  temperature  range  of  500^  C.  to  700°  C,，  a  normalised 
chill  bar  is  secured  which  is  comparable  to  the  sand  cast-to-size 
shape.  The  specimens  annealed  and  quenched  offer  no  appre- 
ciable superiority  to  the  specimens  annealed  and  cooled  slowly. 

(7)  The  average  density  of  sand -cast  specimens  is  about  8-58 
and  of  chill-cast  about  8-6. 

(8)  The  elastic  limit  of  this  zinc-bronze  varies  from  15,0001bs. 
to  17,000lbs.  per  square  inch. 

(9)  The  cooling  curves  show  that  the  melting  point  of  the 
alloy  is  about'  980°  C.  (1,796°  Fah.),  and  that  there  is  a  pronounced 
transition  point  at  780°  C.  (1,436^  Fah.)  and  another  feeble  one 
at,  530。  C.  (986°  Fah.). 

(10)  In  the  accompanying  table  is  recorded  a  summary  of  all 
the  results  obtained  for  physical  properties  arranged  in  terms  of 
the  type  of  casting. 


General  Averages  of  all  the  Observations  taken. 


Shape. 

Tensile 
strength. 
Pounds  per 
square  inch. 

Elongation 
in  2  in. 
Per  cent. 

Reduction 
of  area. 
Per  cent. 

217 

37,869 

15*5 

14-7  * 

KU 

(Cylindrical   

32,832 

14-9 

13-9 

95 

32,029 

14-2 

13-8 

88 

3fi,512 

(r3 

6-9 

21 

Sand  cast,  annealed . . . . 

38,190 

27() 

26-0 

IG 

Sanfl  cast,  quenched  . . 

39,810 

2(r9 

24-2 

5 

Chill  cast,  annealed  .... 

31,160 

170 

】6'7 

In  all  of  the  above  it  is  to  be  borne  in  mind  that  only  pure 
copper,  tin,  and  zinc  have  been  used,  and  the  results  obtained 
are  characteristic  of  variations  in  foundry  practice  on  virgin 
metal  only  once  or  twice  melted.  The  presence  of  scrap  con- 
taining small  amounts  (； f  lead,  ni«anganese,  iron,  and  other  ingre- 
dients which  mit^ht  influence  the  results  of  the  tests  with  a  standard 
bar  are  thus  eliminated. 

As  a  result  of  these  investigations  the  following  suggested 
specifications  for  the  preparation  of  standard  zinc-bronze  (copper 
88  per  cent,,  tin,  10  i)cr  cent.,  and  zinc  2  per  cent.)  have  been 
])r('|)ared  :  Weigh  out  tlie  mjuiml  quantities  of  electrolytic 
copper,  Straits  tin,  and  Horsehead  zinc.  Cover  the  bottom  of  the 


July  7，  1910] 


THE    MECHANICAL  KNGINHER, 


11 


cnicihlo  with  pioccs  of  charcoal  uhoiit  the  si/c  of  a  Im'kory  mit. 
Put  in  all  the  copper  tho  crucihlo  wjll  lml(l,  ami  ('over  the  suiiucc 
with  small  piocos  of  cluuvonl  (no  dust).  Should  tho  crucihlo  not. 
have  tho  Ciipiicitv  to  contain  all  of  the  copper  ('hiu'"u、，  hoat  the 
chiirtvo  ('(mtaiiu、d  until  one  or  two  of  the  ])ieces  of  copper  are 
nieltod,  crowd  the  remainder  down  into  the  molten  mass,  and 
add  the  remaining  copper,  bring  the  whole  charge  into  a  molten 


f (Miiju'ratun'.  VVIkmi  usin<^  pluiinuni-rliorliuM) 山' -s  add  fiv (！ - 
tctit lis  of  t\w  t("u|H，ratim，  rcconlcd  ut.  tl"',  cold  jiiiiciion  to  l-cni- 
pcniturt!  mwliiif^  of  luillivolf-mcter  for  the  corrected  poui'irig 
tiMupcraturo,  or  0-75  when  iisinfr  u  platinurn-iridiinn  couple. 

Prices  per  ton  of  Block  Tin.    January  to  June,  1916. 

'202 


Prices  per  ton  of  Cleveland  Iron.    January  to  June,  1916. 


92 


114 
I  110 


of  the  edge  of  the  surface  adjoining  the  crucible.  Remove  the 
pot  from  the  fire  and  take  the  pouring  temperature  with  a  thermo- 
couple. Pour  the  metal  at  any  temperature  between  1,120^  C. 
and  1,270°  C.  (2，048。  Fah.  and  2,318。  Fah.)>  but  note  the  tem- 
perature at  which  the  bars  are  poured.  Use  P-Pt  Ir  or  P-Pt  Rh 
(10  per  cent,)  thermocouple  protected  by  a  fused  silica  tube  or 
an  equivalent  pyrometric  method  of  determining  the  pouring 


9-1 


5 


z 


Jan, 


g  15  22  29  7  U  21  28 
Feb.  March 


11  18  25  2  9  16  23  30  6  13  20 
Aj)ril  May  June 


drying  oven  until  the  deepest  pattern  or  feeding  gate  is  completely 
dry.  Allow  the  mould  to  cool  to  room  temperature  before  being 
poured.    Pick  the  vent  holes  with  a  fine  needle  in  every  one  of  the 


11  IS  25 
Jan. 


8  15  22  '29  7  U  21  '28 
Feb.  March 


11  18  25  2 
April 


9  16  23  30  6 
May 


13  -20  27 
June 


state,  then  add  the  tin,  stirring  the  whole  thoroughly  with  a 
graphite  rod  stirrer,  and  after  previously  heating  the  zinc,  add 
the  amount  of  zinc  weighed  out  and  stir  thoroughly.  Keep  the 
pot  covered  with  a  graphite  cover  during  the  melting  period. 
After  adding  the  zinc  allow  the  whole  charge  to  come  to  a  good 
melting  heat,  denoted  by  the  play  of  zinc  flames  over  the  surface 

Prices  per  ton  of  Copper.    January  to  June,  1916. 


172 


170 

4  11  18  25  1    8  15  '22  29  7  14  21  28    4  11  18  25  2    9  16  23  30   6  13  20  27 
Jan.  Feb.  March         April  May  June 

Use  any  good  moulding  sand  equal  to  Albany  No.  2.  If  green 
sand  be  used,  the  moisture  content  should  not  exceed  12  per  cent. 
If  dry  sand  be  used,  face  the  mould  with  a  layer  of  sand  equal  in 


Prices  per  ton  of  English  Lead.    January  to  June,  1916. 


4  11  18  '25  1    8  15  '2*2  29  7  14  21  28    4  11  18  25  2    9  16  23  30  6  13  20  '27 
Jan .  Feb.  March         April  May  June 

fineness  to  No.  00  Crescent  sand,  tempered  with  molasses  water. 
When  the  mould  is  finished  spmy  the  moulds  and  runners  and 
pouring  gate  with  molasses  water,  and  dry  each  flask  before  the 

Prices  of  Zinc  Sheets.     January  to  June,  1916. 
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bulb  reservoir  feeders.  Put  not  less  than  three  patterns  of  cast-to- 
size  shape  in  each  flask. 

Skim  the  pot  carefully  before  pouring  and  hold  back  dross 
and  scoriae  with  the  skimmer  as  much  as  possible  before  pouring. 
Pour  steadily  with  a  stroain  that  will  just  about  half  fill  the  runner, 
and  not  large  enough  to  choke  the  bore  of  the  runner,  so  as  to 
allow  tlie  hulk  of  the  j^ases  carried  down  by  the  pouring  stream 
to  oscapo  upward  tliruugh  the  space  left  in  the  runner  and  the 
|)<niriiig  head.  With  every  heat  pour  a  wedge-shaped  chill  bar 
about  13in.  long  by  l^in.  deep  by  Hin.  wide  on  top.  Always  pour 
the  chill  bar  nearly  flat  and  from  the  same  end.  Each  chill  will 
make  throe  te^t  bars.  Always  begin  the  numbering  of  the  chill 
bars  from  the  pouring  end. 

The  size  of  the  cast  specimen  in  the  rough  should  be  4|in  long, 
^in.  diain.  at  centre,  and  ||in.  diam.  at  threaded  ends.  The  size 
of  the  finished  specimen  should  be,  length  over  all,  4Jin.  ；  length 
of  centre  section,  2in.  between  gauge  points  ；  size  of  threaded 
en(L^,  |in.  diam.  by  lin.  long  ；  length  of  each  fillet  |in.,  and 
diameter  of  centre  section,  0-505in. 

The  foregoing  specification  with  those  of  the  United  States 
navy  are  discussed  as  follows  :  The  navy  specifications  call  for  a 
tensile  strength  of  30,0001bs.  per  square  inch  and  an  elongation 
of  15  per  cent.  A  comparison  of  the  tests  of  the  zinc-bronze  bars 
with  these  requirements  are  shown  in  the  accompanying  table. 


How  Zinc-bronze  Bars  meet  Navy  Specifications': 


Percentage 
of  bars 
meeting 
navy  re- 
quirements. 

Percentage 

of  the 
remainder 

coming 
within  10 
per  cent,  of 
same. 

Percentage 

meeting 
only  require- 
ments of 

tensile 
strength. 

Cast  in  sand ― 

53-0 

27*0 

89-8 

Cylindrical  shape  

'27,7 

73-3 

42.1 

10-0 

66-0 

Cast-to-size  shape  annealed 

loo-o 

Cast-to-sizt'  shape  quenched 

100,0 

Cast  in  chill  mould ― 

4-5 

I'O 

87-5 

Chill  bar  annealed   

100-0 

If  one  considers  the  tensile  strength  alone,  it  will  be  found  that 
all  of  the  test  shapes  and  methods  might  be  considered  satis- 
factory, but  the  requirements  for  elongation  are  so  rigid  that  only 
when  the  bar  or  the  casting  to  which  it  refers  is  submitted  to 
heat  treatment  is  one  able  to  meet  these  requirements  ；  also  this 
treatment  restores  the  metal  to  its  natural  state  and  true  con- 
dition and  thus  develop  fully  the  physical  properties  of  which 
it  is  capable. 

If  we  study  the  effect  of  heat- treating  test  bars  at  the  various 
temperatures  of  500。  C.，  600°  C.，  700。  C 了，  and  800°  C.  (932°  Fah., 
1,112。  Fah..  1，292。  Fah"  and  1,472°  Fah.),  for  a  period  of  30 
minutes,  followed  either  by  slow  cooling  in  the  muffle  furnace  to 
normal  temperature  or  by  quenching  in  water,  it  is  found  that, 
whereas  the  tensile  strength  is  not  greatly  increased,  the  elonga- 
tion and  reduction  of  area  are  increased  to  a  remarkable  extent. 
The  range  of  temperature  from  700°  C.  to  800°  C.  (1,292。  Fah.  to 
1,472°  Fah.)  appears  to  be  the  most  favourable  in  securing  the 
greatest  increase  in  such  properties. 

In  ordor  to  write  a  specification  for  the  physical  properties  of 
a  zinc-bronze  that  would  not  be  too  difficult  of  fulfilment,  without 
detriment,  to  the  |>ul)]ic  service,  it  is  necessary  to  consider  what 
may  be  reasonal)ly  «'xj"'('ted  of  such  a  metal  alloy  as  /jnc-brorize. 
It  may  readily  be  seen  from  the  experimental  work  cited  that  a 
tensile  strength  of  30，000lbs.  per  square  inch  is  not  an  unreason- 
able requirement.  With  reference  to  the  elongation  desired,  it  is 
found  that  15  per  cent,  is  difficult  to  obtain  for  specimens  that 
rf'[>rosent  small  castings,  because  such  castings,  owing  to  their 
'small  sectional  area,  rocoive  an  initial  chill  which  materially  lowers 
tlio  amount  of  possible  elongation,  and  for  such  a  casting  the 
caHt-t()-si/(i  shape,  on  account  of  its  relatively  small  section  area, 
is  naturally  a  represent  at  ivo  type  of  test  bar  and  should  be 
chosen,  but  it  is  open  for  consideration  whether  15  per  cent, 
elongation  for  such  a  specimen  is  not  too  s vere  to  be  expected 
in  the  course  of  ordinary  practice.  In  all  probability  14  per  cent, 
elongation  and  13  per  cent,  reduction  of  area  is  all  that  may 
reasonably  be  expected  for  this  alloy  when  the  casting  to  be  tested 


has  a  large  sectional  area  in  proportion  to  its  mass.  If  the  sample 
be  poured  within  the  normal  range  of  temperature ― that  is，  from 
1，115。  C.  to  1，260。  C.  (2,039。  Fah.  to  2，300。  Fah.)— the  tensile 
strength  of  30,0001hs.  per  square  inch  is  not  difficult  to  secure, 
and  it  is  possible  in  a  majority  of  cases  to  obtain  an  elongation  of 
15  per  cent,  and  a  reduction  of  area  of  14  per  cent.,  and  for  such 
castings  a  cylindrical  shape  may  be  chosen. 

If  a  casting  is  to  be  chill  cast,  while  it  is  very  easy  to  secure  a 
tensile  strength  of  30，0001bs.  per  square  inch,  it  is,  on  the  other 
hand,  impossible  to  secure  an  elongation  of  15  per  cent.  ；  in 
fact,  an  elongation  of  4-5  per  cent,  would  be  a  fair  equivalent  for 
'such  a  casting.  This  is  because  the  initial  stress  is  so  great  as  to 
almost  completely  destroy  the  property  of  elongation.  Now,  if 
a  chill  bar  is  submitted  to  a  proper  heat  treatment,  either 
annealing  or  annealing  and  quenching  as  described,  it  is  quite 
possible  to  obtain  and  reasonable  to  expect  an  elongation  of 
15  per  cent.  ^ 

Hence  from  the  foregoing  considerations  it  is  fair  to  conclude 
that  for  small  castings  a  tensile  strength  of  30,0001bs.  per  square 
inch  with  an  elongation  in  2in.  of  14  per  cent,  and  a  corresponding 
reduction  of  area  of  13  per  cent,  may  be  required  when  using  a 
cast-to-size  shape  test  bar  ；  for  large  castings,  30，0001bs.  per 
square  inch  tensile  strength,  15  per  cent,  elongation  in  2in.,  reduc- 
tion of  area  14  per  cent.  ；  for  chill  castings,  untreated,  30，000Ibs. 
per  square  inch  tensile  strength,  elongation  4  -5  per  cent.,  reduction 
of  area  4  per  cent.  ；  and  for  chill  castings,  heat  treated,  the  same 
tensile  strength,  an  elongation  of  15  per  cent.,  and  a  reduction  of 
area  of  14  per  cent. 

NEW  PATENTS. 

Specifications  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  8d.  Address 
" Mechanical  Engineer,^^  55，  'New  Bailey  Street^  Manchester. 

MECHANICAL,  1914. 

Safety  devices  for  cupolas  and  other  furnaces.    Akt.  Ges.  R.  Pii. 
Waagner.  L.  &  J.  Biro,  and  A.  Kurz.  6480. 

1915. 

Reducing  valve     L.  voji  Bremen  &  Co.  6922 
Railway  signalling  systems.    Moore  &  Berry.  8G51. 
Manufacture  of  gas.    Eady  &  Clarke.  8830. 

Apparatus  for  raising  or  forcing  liquids.    Humphrey  &  Rusdell. 
8890. 

1916. 

(； as  furnaces.    South  Metropolitan  (ias  Compai  y.  ^  Chandler,  D. 
10，  and  685. 

Starting  mechanism  for  automobiles.    British  "Westinghoiise  Elec- 
tric and  Manufacturing  Company.  198. 
Diaphragm  pumps.    Car1^r，  W.  C.  239. 

Vaporisers  of  internal-combustion  engines.    Gardner.  E.  2652. 


ELECTRICAL.  1915. 

Refractory  materials  applif'al)le  also  hs  electric  resistances.  Just. 
4080. " 

Electric  motor-control  systems.     British  Thomson  Houston  Com 
pany,  and  Martin.  8748. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  4th. 

Aluminium  ingot    ―   per  cwt. 

wire,  according  to  sizes,  &c  from  ―  ，， 

，,         sheets   ,  ―  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled...   1/4|  per  lb. 

，， tubes  (brazed)    1/4J  ，， 

"       ，, (solid  drawn)    ，， 

"       " wire    l/^  " 

Copper,  Standard    £99/-/-  per  ton. 

Iron,  Cleveland    82/6  ，， 

" Scotch    ―  ，, 

Lead,  English   £20/10/- ，， 

，， Foreign  (soft)   £27/-/- ，， 

Mica  (in  original  cases),  small   6d,  to  3/—  per  lb. 

"  ，，       "         medium    3/6  to  6/—  ，， 

，，  ，，       ，，        large    7/6  to  14/- ，， 

Quicksilver   £16/12/6  per  bottle. 

Silver    30fd.  per  oz. 

Spelter  (American)   £48/-/-  per  ton. 

Tin,  block    £170/10/-  per  ton. 

Tin  plates,  I.C   32/-  per  box. 

Zinc  sheets    £85  per  ton. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 
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'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 
Now  a  smile  he's  always  wearing,  he's  found  ••  NONLEAK  "  will  stand. 
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Heat  Transmission  in  Boiler  Tubes. 

Some  iiilerestiiig  details  of  experiments  made  by  the  Bureau 
of  Mines  at  Wasliiuglon  in  connection  with  the  heat  trans- 
mission tluoiigli  boiler  tubes  are  given  in  a  technical  paper 
issued  by  the  United  Slates  Department  of  the  Interior.  The 
details  relate  principally  to  the  methods  of  measuring  the 
teTn])erature  differences  between  the  fire  and  the  water  side 
of  tiie  tubes  by  means  of  thermo-couples.  The  experiments 
were  conducted  with  a  water- tube  boiler  having  tubes  about 
3  A  in.  diani.  Several  of  the  thermo-couples  were  embedded  in 
ilie  l)otloni  row  of  tubes  at  a  point  wliere  the  hot  products  of 
CO ni bastion  enter  theni,  while  a  couple  was  also  placed  in  the 
highest'  row,  where  the  gases  left  the  boiler.  A  variety  of  ex- 
periments were  made  under  different  conditions,  but  the 
general  conclusions  arrived  at  only  confirmed  those  deduced 
by  previous  observers,  and  now  accepted  as  fairly  expressing 
the  relationship  between  tlie  temperature  of  the  gases  and 
the  water  and  the  rate  of  heat  traiisniissiou  through  the 
metal  of  the  tube  to  the  water  within  it.  The  value  of  the 
experiments  consisted  mainly  in  the  extreme  care  taken  to 
secure  accurate  observations  of  the  temperature  of  the  tube. 
These  showed  that  the  tube  temperature  was  affected  very 
little  by  the  hot  gases,  but  closely  followed  the  temperature  of 
the  water  in  the  tube.  The  chief  resistance  of  the  passage  of 
heat  appears  to  be  very  higli  from  the  hot  gases  to  the  gas  side 
surface  of  the  tube,  and  very  low  when  this  resistance  is  over- 
come from  this  surface  to  tire  boiler  water.  In  other  words, 
a  boiler  tube  can  transmit  very  easily  the  heat  to  the  water 
once  it  has  passed  into  the  plate,  and  there  is  little  chance  of 
the  plate  overheating  provided  it  is  kept  free  from  scale,  oil, 
or  other  deposit,  a  condition,  of  course,  that  is  very  difficult 
to  secure  in  practice,  and  in  many  cases  seriously  limits  the 
speed  at  which  the  boiler  can  be  worked.    It  is,  liowever,  the 
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fire  side  of  the  ])l;ite  that  opposes  the  greatest  barrier  to  heat 
transmission  and  which  probably  offers  the  greatest  opportuni- 
ties for  improvements  in  boiler  design.  The  rate  of  heat  entry 
into  the  plate  depends,  as  Osborne  Reynolds  long  ago  pointed 
out,  on  the  velocity  of  the  gases  over  the  plate  surface,  and 
the  late  Dr.  Nicolson,  it  will  be  remembered,  designed  a 
boiler  wliicli  render  intense  draught  was  capable  of  absorbing 
heat  at.  a  vastly  greater  speed  than  ordinary  boiler  practice, 
but  his  design  failed  to  meet  witli  adoption  owing  to  difficulties 
ill  practical  v.'orking.  It  is  probable,  however,  thai  the  future 
、vili  witness  advances  in  this  direction,  and  a  wider  use  of  the 
principles  of  design  lie  so  strenuously  advocated.  The  ten- 
dency is  certainly  in  the  direction  of  higher  steam  pressures, 
especially  where  turbines  are  employed.  The  Detroit  Edison 
Company,  for  example,  are  considering  plans  for  turbines  to 
operate  on  a  si ea in  pressure  of  5001bs.  per  square  inch,  and  at 
the  recent  convention  of  the  National  Electric  Light  Associa- 
tion of  America  a  contribution  was  presented  by  Mr.  Robert 
Cramer  outlining  the  problems  which  higher  steam  pressures 
involved,  and  in  which  he  intimated  that  there  were  no  diffi- 
culties at  present  in  using  pressures  of  the  amount  named,  at 
least  so  far  as  boilers  are  concerned,  makers  of  water-tube 
boilers  being  ready  to  turn  them  out  as  commercial  apparatus 
provided  orders  are  on  a  sufficiently  large  scale. 


Boiler  Explosions  in  1914-15. 

The  annual  report  on  the  working  of  the  Boiler  Explosions 
Act  for  the  year  ended  June  30th,  1915，  has  just  been  issued. 
As  usual  it  is  a  belated  document,  and  only  makes  its  appear- 
ance over  12  months  after  it  is  due.  The  returns  presented 
are,  however,  satisfactory.  It  shows  that  the  number  of 
persons  killed,  22，  and  the  injured,  55，  are  below  the  respective 
averages  for  the  33  years  since  the  Act  came  into  force.  Of 
the  61  explo&ions  recorded  the  bulk  were  of  a  very  minor 
character,  and  might  be  passed  in  many  cases  as  little  more 
than  incidents  of  ordinary  wear  and  tear,  the  whole  of  the 
22  deaths  reported  being  caused  by  eight  explosions,  of  which 
five  occurred  on  land  and  three  on  board  ship.  As  contrasted 
with  the  toll  of  life  and  limb  in  other  countries,  it  must  be 
admitted  that  the  enormous  quantity  of  steam  utilised  for 
power  in  this  country  is  generated  and  distributed  with  re- 
markable safety.  During  the  year  referred  to  three  formal 
investigations  were  held,  and  references  are  made  in  the  report 
to  an  important  reconimendation  of  the  commissioner  to  boiler 
insurance  and  inspecting  companies,  viz.,  that  such  companies 
((should  arrange  as  far  as  possible  to  vary  the  districts  assigned 
to  their  inspectors,  and  that  there  should  be  a  more  careful 
super visicm  in  the  passing  of  the  inspectors'  reports  and  in  the 
issue  upon  such  reports  of  certificates  of  fitness  for  a  given 
working  pressure/' 


Books  for  British  Prisoners  Abroad. ― Regimental  Care 
Corn rnittees  and  rclat ives  and  friends  of  British  prisoners  of 
war  will  do  them  a  good  service  by  bringing  to  the  notice  of 
the  interned,  in  their  letters  to  tliein,  the  fact  that,  if  they 
are  desirous  of  carrying  on  serious  reading,  they  can  obtain, 
free  of  charge,  educational  books  on  almost  any  subject  by 
writing  to  Mr.  A.  T.  Davies,  at  the  Board  of  Education, 
Whitehall,  London,  S.W.  To  facilitate  the  dispatch  of  par- 
cels of  books  and,  if  possible,  the  organisation  of  an  educa- 
tional library  in  every  camp,  all  applications  for  books  should, 
as  a  rule,  be  sent  through,  or  endorsed  by,  the  senior  or  otlier 
responsible  British  officer  or  N.C.O.  in  the  camp.  Where  for 
any  reason  (which  should  be  stated  in  the  applic;atioii)  this 
course  is  inijiracticable,  requests  from  individual  prisoners 
will  as  far  as  possible  be  acceded  to. 


THE  JOHANNESBURG  MUNICIPAL  ELECTRIC  POWER 
STATION, 

BY  J.  H.  DOBSON,  M.SC.，  M.I.MECH.E. 

{Corwluded  from  page  49S,  Vol.  XXXVIL) 

Turho-alternators.  ―  Owing  to  the  barometer  standing  at 
approximately  24，  75,,  as  compared  with  3Q',  at  sea  level  and  the 
relatively  high  engine-room  temperatures  experienced  in  this 
country,  for  the  same  output  and  the  same  temperature  rise,  it 
is  a  wise  policy  to  have  electrical  machinery  about  30  per  cent, 
bigger  on  the  Rand  than  at  sea  level  and  in  the  home  country. 
When  working  at  full  load  and  -8  P.F.  in  an  engine-room  tem- 
perature of  about  100°  Fah.  the  alternators  are  sufficiently 
large  to  keep  the  temperature  rise  between  65。  Fah.  and  70。  Fah. 

The  alternators  connected  to  the  first  and  second  steam 
turbines  were  made  by  the  Lahmeyer  Electrical  Company. 
Each  stator  consists  of  a  substantial  cast-iron  shell  provided  with 
special  air  intake  and  outlet  ducts.  The  coils  are  former  wound 
in  open  slots,  closed  by  means  of  suitable  wedges.  The  active 
magnetic  material  of  the  stator  consists  of  stampings  of  the  best 
iron  of  high  permeability  insulated  from  each  other  by  paper. 
The  stator  winding  consists  of  heavy  copper  rods  of  rectangular 
section,  20  mm.  high  and  10  mm.  thick,  which  have  the  insula- 
tion pressed  on  to  the  coils  by  hydraulic  means.  The  thickness 
of  the  insulation  round  the  rods  is  3  mm.  The  end  connections 
are  simply  flat  strips  of  copper  sweated  on  to  the  ends  of  the 
stator  conductors  and  are  securely  held  together  by  a  large 
number  of  highly  insulated  supports  mechanically  strong  enough 
to  withstand  the  high  magnetic  forces  in  the  event  of  short- 
circuiting.  Each  rotor  is  of  exceedingly  strong  construction, 
the  shaft  and  spider  being  formed  of  one  solid  shell  forging. 
The  active  magnetic  material  is  securely  fastened  to  the  spider 
and  the  4- pole  winding  is  of  the  salient  pole  type  with  copper 
strips  lying  flat  in  the  slots  and  turned  on  edge  at  the  ends  of  the 
rotor.  The  copper  strip  is  secured  in  the  slots  by  means  of  metal 
wedges  and  at  the  ends  by  means  of  steel  winding  covers  shrunk 
on  over  an  insulating  layer  of  presspahn. 

The  third  alternator  is  made  by  Siemens  and  embodies  all  the 
best  points  referred  to  above,  but  the  construction  of  the  rotor  is 
perhaps  a  unique  feature.  It  is  of  the  cylindrical  type,  and  the 
whole  rotor  body  and  shaft  consist  of  one  solid  steel  forging, 
the  slots  and  axial  ventilating  ducts  being  accurately  cut  out  by 
special  milling  tools.  This  construction  gives  it  extreme  solidity 
and  strength,  ensuring  constancy  of  balance  and  obviating  any 
risk  of  the  component  parts  shifting  due  to  centrifugal  force. 
The  outer  bearing  of  each  alternator  is  insulated  to  prevent  any 
large  current  flowing  through  the  main  bearings  due  to  any 
electromotive  force  set  up  in  the  shaft  by  varying  magnetic 
reluctances  in  the  phases  of  the  alternator  windings.  The  air 
gaps  are  relatively  large,  being  |in.  on  one  and  lin.  on  two  of  them. 

Cooling  Arrangements. —— Each  turbo-alternator  is  air  cooled  by 
means  of  special  fans  fitted  on  each  end  of  the  machine.  The  inlet 
of  air  in  each  case  is  through  a  special  air  box  fitted  with  two 
layers  of  cocoanut  matting  to  keep  out  dust  and  dirt  and  placed 
outside  the  engine-room  so  as  to  admit  clean  cool  air  to  the  alter- 
nators. The  exit  of  the  air  from  the  alternators  is  a  long,  air 
duct  carried  outside  the  engine-room  in  such  a  manner  as  to 
prevent  the  hot  air  from  being  drawn  in  at  the  air  intake.  In 
each  case  the  air  enters  the  alternators  at  the  ends  and  is  rejected 
in  the  centre  of  the  machines. 

Excitation. ― The  exciting  current  is  led  to  each  alternator 
through  slip  rings  insulated  from  the  main  shaft  by  means  of  a 
mica  collar,  and  each  alternator  is  fitted  with  its  own  exciter  on 
the  continuation  of  the  shaft.  Separate  exciters  fit  the  conditions 
of  the  power  station  better  than  having  separate  exciting  sets,  for 
the  simple  reason  that  there  are  times  of  low  load,  during  which 
time  one  turbine  can  supply  all  the  requirements,  and  it  is  more 
economical  to  have  the  exciting  direct  on  the  end  of  the  alter- 
nator shaft  than  separately  driven.  The  voltage  of  the  main 
alternating  current  busbars  is  kept  constant  by  means  of  a 
Tyrrell  regulator,  which  can  be  switched  on  to  any  of  the  machines 
that  happen  to  be  working.  It  is  found  that  when  more  than  one 
turbine  is  working  any  variation  of  the  load  is  taken  up  by  the 
one  alternator  to  which  is  connected  the  Tyrrell  voltage  regulator. 

*  Abstract  of  i)ai)er  read  before  the  South  African  Institution  of  Enjjineers,  and 
reproduced  from  the  JournaJ  of  the  Institution. 
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Workitig  Results  oj  〃/，'  :l,000  kw.  Turbo- Alfcrvafors-  The 
chiirts  of  tlio  Lo;i  rmmlt'r  ami  t  ho  iciulings  of  tlio  t)ut]nit  in  units 
recordod  on  tlic  tuain  swi"'lil)(mr(l  from  each  altenmtoi'  form 
rcjulv  inoiuis  of  dit't'km'u  tin'  s((、;im  consuniptioii  |》t'r  unit.  The 
following  is  tvpical  of  numerous  spccinl  tosts  that  have  Ikmmi 
carriod  out  for  steam  n"ismii|)t itm  \nn'  unit  vvitli  a  Imilcr  prossuro 
of  ITT)  I  Iks.  por  stjuaro  inch  at  tlio  stop  vulvo,  taken  midvv  actuiil 
work  ug  conditions  for  periods  of  about  one  hoiir  : ― 


T.oad. 

Units 
per  lu)iir. 

pressure 
in  llxs. 
|)or  sq.  ill. 

Lbs.  i,t 
steam  prr 
unit  super- 
heated to 

5-^0°  K 

ApiiioMiUiitr  4,4  lull  Iiiatl  

"          -i  1  ，  

，，          I  4  ，  

1,28 
0'i)S5 
0  •  S()() 
0.714 

15-140 
15. 1<)5 
Ui-Ol 
17. 

When  all  the  power  required  for  auxiliaries  is  taken  into 
account,  the  steam  consumption  per  unit  on  full  load  is  from 
15  '6lbs.  to  15  -Slbs.  at  a  back  pressure  of  approximately  I'l  lbs. 
per  square  inch,  and  from  an  analysis  of  the  various  losses  in 
the  steam  turbine  the  blade  efficiency  is  from  88  to  90  percent. 

The  first  turbine  has  been  running  for  nearly  five  years,  an:l 
its  running  has  been  perfect.  Some  six  months  ago,  after  four 
years'  continuous  running,  tlie  low-pressure  blading  showed  signs 
of  pitting,  and  it  was  decided  to  replace  same,  but  before  carrying 
out  this  decision  some  of  the  blading  stripped  and  the  work  had 
to  be  done  】nore  quickly  than  anticipated.  It  can  be  safely 
stated  that  the  turbine  ran  for  a  period  of  four  years  before  it 
became  necessary  to  replace  any  blades,  and  all  but  the  low- 
pressure  blading  have  not  been  touched  and  are  still  satisfactory. 
Experience  has  proved  that  it  is  best  to  replace  blades  when  they 
show  pitting  rather  than  wait  for  their  final  destruction.  The 
second  turbine  has  been  running  since  July,  1911.  Before  this 
machine  was  finally  taken  over  from  the  contractors,  four  rows 
of  the  high-pressure  blading  stripped  and  did  some  damage  to 
the  drum  of  the  rotor.  The  Council  had  to  acknowledge  lack  of 
foresight  and  inaction  on  the  part  of  the  driver  in  attendance  on 
the  turbine,  and  it  was  decided  that  the  Council  and  the  con- 
tractors should  each  pay  half  towards  the  cost  of  the  breakdown. 
Apart  from  this  the  machine  has  run  excellently  since  its  instal- 
lation four  years  ago  ；  but  taking  the  experience  on  the  first 
turbine  into  account,  the  blades  at  the  low-pressure  end  were 
recently  replaced.  The  third  turbine  was  installed  in  August, 
1913,  and  has  run  satisfactorily  to  date.  Taken  altogether,  the 
running  of  the  turbines  has  been  satisfactory,  and  the  Council  up 
to  the  present  has  been  spared  the  calamities  that  have  befallen 
some  of  the  turbine  plants  that  have  been  installed  on  the 
Witwatersrand. 

Comparative  tests  were  made  to  ascertain  the  power  absorbed 
in  auxiliaries  in  Nos.  1  and  2  turbines,  the  first  of  which  lias  a 
condensing  plant  fitted  with  the  kinetic  iiir  and  centrifugal 
pumping  arrangements  witli  steam  jet,  whilst  No.  2  has  the 
ordinary  reciprocating  Edwards  air  pumping  arrangeineiits.  The 
result  was  distinctly  favourable  to  tlie  reciprocating  air-piunping 
arrangements,  but  it  was  found  to  be  due  chiefly  to  the  wrong 
adjustment  of  the  steam  jet.  After  experimenting  for  some 
considerable  time  a  steam  jet  was  designed  which  reduced  the 
amount  of  circulating  water  required  for  a  certain  vacuum  by 
more  than  20  per  cent"  and  the  total  power  absorbed  in  eacli 
system  is  now  practically  the  same.  It  is  found  in  pmctice  tliat 
where  circulating  water  has  to  be  cooled  by  means  of  c'oolin"" 
towers  which  take  advantage  of  windage,  a  steam  jet  is  of  great- 
value  under  certain  conditions,  and  it  lias  been  decided  to  install 
steam  jets  in  the  air-extracting  arrangements  of  both  No,  2  and 
No.  3  turbines. 

The  alternators  have  been  remarkably  free  from  electrical 
faults  ；  in  fact,  there  has  not  been  a  single  fault  during  the  whole 
time  the  three  sets  of  turbo-alteriiators  have  been  running.  This 
result  is  perhaps  a  testimony  to  the  precaution  of  ensurint^  that 
tlie  electrical  portions  were  siifHciently  large  for  this  hij^h  altitude 
and  the  relatively  high  engine-room  temperatures  experienced  in 
Johannesburg.  There  has  been  no  trouble  in  connection  with 
f'Uirent  flowing  through  the  bearings  due  to  the  precaution  of 
liiiving  the  outer  hearings  of  the  altoinators  insulated.  Tlio 
curves  of  electrical  piessiuc  between  the  outei'  bearing  mid 


pedestal  on  f  lic  I  lircc  iiiacliiiics  may  1"'  of  initTcst  (hoc  Kig.  4). 
The  11. M.S.  value  (".  U"'  hearing  voltages  wen;  :  No.  1  niternutor, 
13  vollH  ；  No.  2  alternator,  2  volts  ；  No.  3  altornator,  ；)  volf/s. 

I〈i",h  of  the  iibovc  curves  is  dtmmting  in  cliunu-tor,  which  in 
a  piiicliical  demonstration  of  the  theoretical  'li'ilm 化 ion  that  the 
causi^  of  the  ))oariiij^  curronts  is  chiefly  due  to  the  joints  in  the 
stator.  TIio  third  hiirmoiiics  are  present  in  the  curves  of  No.  2 
aixl  No.  ultoniiit-ors.  In  the  foniicr  the  ainplitinle  of  tlia  third 
harmonic  is  uhout  I  Jl  times  the  amplitude  of  tli(>  main  curve.  A 
matter  of  special  intemst  is  that  on  No.  1  alku'iKxtor  the  bearing 
voltiii^c  is  very  much  greater  than  on  Nos.  2  and  3.  This  will  ho 
understood  when  it  is  stated  that  the  magnetic  circuit  of  No.  1 
alternator  gave  out  a  very  loud  noise.  After  tightening  up  the 
stator  laminations  and  other  investigations  this  nuisance  still 
remained  ；  and  a  process  of  elimination  led  to  the  conclusion 
that  the  seat  of  this  disturl)ance  was  at  the  stator  joints  of  the 
two  halves  of  the  stator.  Tightening  up  as  mucli  as  possible 
had  no  bei)eficnal  effect,  but  when  a  thin  layer  of  hard  paper  was 
placed  between  the  stator  joints  the  noise,  was  entirely  eliriiinated. 
This,  however,  had  the  efl'ect  of  increasing  the  reluctance  of  the 
magnetic  circuit  at  these  points,  and  as  a  result  the  voltaj^e  at 
the  bearings  is  greater  on  No.  1  alternator  than  on  the  others. 

Converting  Plant  and  Balancmg  of  the  3-wire  Direct-cvrrcni 
Si/sfem. ― The  direct-current  requirements  are  about  4,000  kw. 
for  the  lighting  system  and  about  3,000  kw.  for  traction.  There 
are  3,000  kw.  of  direct-current  plant,  viz.,  two  500  kw.  and  one 
1,000  kw.  ordinary  2-wIre  direct-current  generators,  and  one 
1,000  kw.  3-wire  direct-current  generator  arranged  with  a  static 


Frc.  i. 

balancer.  Each  generator  works  as  an  ordinary  shunt-wound 
machine  when  on  lighting,  and  as  a  level  compounded  machine 
giving  equality  of  voltage  at  all  loads  when  on  traction.  The 
other  direct-current  plant  consists  of  four  motor  converters, 
which  also  work  as  shiint-wouiui  and  coin])()und  machines  when 
on  lighting  and  traction  respectively.  The  duty  of  the  con- 
verting plant  is  to  transfonn  the  2- phase  alternating  current 
generated  at  3,300  volts,  50  cycles,  to  :  (a)  3-wire  direct  current 
at  4(>0  -520  volts,  with  necessary  balancing  arrangements  for  the 
3-wire  system  of  the  light  and  powet*  supply  for  the  "  inner  " 
area  ；  (b)  direct  current  with  compounding  arrangements  for 
the  traotion  voltage,  500-GOO  volts. 

The  size  of  the  converter  units  was  chosen  with  particular 
reference  to  the  traction  and  liglitinj^  loads  at  various  periods  of 
the  day.  Two  750  kw.  and  two  1,250  kw.  units  were  installed 
and  have  been  running  for  over  four  years. 


1,'250  kw. 
Sets,  r.p.m. 
•273. 

8 

10 

，，         ，，  D.C  

(S 

8 

No.  3— (3 

Choice  of  Motor  Converters. —— Electrical  engineers  in  various 
parts  of  the  world  some  four  years  ago  were  divided  into  two 
cla.sses,  the  one  iidliering  particularly  to  rotary  converters  and 
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the  other  adhering  rigidly  to  motor  converters.  The  claim  of 
the  adherents  of  the  rotary  converters,  however,  was  that  the 
rotary  is  as  good  as  the  motor  converter,  is  less  costly  and  more 
efficient  than  the  motor  converter.  There  was  the  well-founded 
prejudice  about  the  satisfactory  running  of  rotary  converters 
oil  50  cycles,  especially  when  the  requirements  involved  a  large 
voltage  variation,  such  as  the  duty  required  in  the  Municipal 
power  station  for  lijihtiiig  and  traction  requirements  (460/600 
volts). 

Motor  converters  were  chosen  on  account  of  their  established 
reputation  as  being  reliable  machines  and  occupying  a  mean 
position  、、itl、  regard  to  capital  expenditure  and  efficiencies  of  the 
luotor  generators  and  rotary  converters.  The  principle  of  the 
motor  converter  is  well  known.  At  the  moment  of  starting  the 
frequency  of  the  current  in  the  rotor  of  the  induction  motor 
])(>rt'on  is  of  tlie  saine  frequency  as  tlie  alternating-current  supply, 
uhilst  the  frequency  in  the  、vindings  of  the  direct-current  arma- 
ture is  zero,  the  frei^ueiicy  of  the  former  decreasing  and  that  of 
the  latter  increasing  as  tlie  speed  increases.  It  follows  that  there 
must  be  a  speed  at  which  the  frequency  in  the  two  windings  is 
equal  and  synchronism  is  attained. 

Siartinfj-Uj)  and  S//vchronisivg, ― Only  on  two  special  occasions 
have  the  machines  been  used  for  the  transformation  of  direct 
current  to  alternating  current,  but  worked  satisfactorily.  The 
general  requirement  is  from  alternating  current  to  direct  current. 
►Six  of  the  12  pha.se.s  on  the  1,250  kw.  sets  and  three  on  the  750  kw, 
sets  are  connected  through  slip  rings  to  an  external  starting 
resistance.  The  】iiacliine  starts  uj)  as  an  ordinary  induction 
】notor，  and  the  field  at  the  continuous-current  end  gradually 
builds  lip.  The  notch  on  the  starting  resistance  is  marked 
" Synchronising,''  indicating  that  this  resistance  brings  it  to 
approximately  half  the  speed  of  the  rotating  magnet  field  in  the 
stator,  the  remainder  of  the  operation  being  carried  out  with  an 
auxiliary  resistance  for  fine  adjustment.  Meantime  the  direct- 
current  field  is  adjusted,  and  finally  the  synchronising  volt-meter 
connected  between  the  rotor  winding  and  the  direct-current 
winding  indicates  when  synchronism  is  attained.  The  starting 
resistance  is  then  short-circuited  by  the  operation  of  a  handle 
close  to  the  slip  rings,  the  rings  are  .short-circuited,  and  all  the 
windings  on  the  rotor  arc  then  connected  to  one  another.  The 
synchronising  of  the  machines  is  very  simple,  the  whole  operation 
not  taking  more  than  about  two  minutes. 

Con  .si  ru  Clio?}. ― The  motor  converters  are  supported  by  three 
bearings,  the  bedplates  being  】]mde  in  two  halves  bolted  together. 
The  alternating-current  and  direct-current  armatures  are  rigidly 
coupled  tog(^ther,  the  electrical  connections  between  the  two 
portions  being  led  through  a  hollow  -shaft.  The  stators  are  made 
in  one  piece,  the  active  material  being  built  up  of  laminations 
insulated  by  paper  and  slotted  to  receive  the  conductors.  The 
laminations  are  clamped  between  heavy  cast-iron  end  plates, 
with  spacing  discs  at  suitable  intervals  for  efficient  ventilation. 
The  slots  in  the  stator  are  almost  closed  and  are  lined  with  insu- 
lating tubes  of  micanite.  The  end  connections  are  protected  by 
cast-iron  shields.  The  alternating-curreiit  rotors  are  built  up  of 
iron  stampings  assembled  on  a  sjjider,  witli  the  ends  of  the  })hases 
led  to  the  slip  rings  at  one  end  and  tlirough  the  hollow  iShaft  to 
the  direct-current  ainiatures  at  the  other  end.  The  field  systems 
of  the  continuou.s-cuncnt  ends  consist  of  substantial  iron  castings 
yjjlit  hurizonlally  into  halves  carefully  connected  and  bolted 
together.  The  iicld  coils  are  former  wound,  tape  insulated,  and 
impregnated  with  varnish  before  being  placed  in  position  on  the 
poles.  They  are  held  in  position  by  laminated  pole  shoes,  which 
in  conjunction  with  the  commutation  poles  ensure  sparkless 
commutation.  Tlie  direct-current  armatures  are  built  up  of 
stampings  assembled  on  a  spider  of  rigid  design,  spaces  being 
interposed  at  intervals  to  allow  of  free  ventilation.  The  coils  are 
former  wound,  and  are  placed  in  insulated  slots. 

HpeM-liinil  Devices. 一 Spml-limit  devices  were  called  for  in 
the  specification  in  case  the  machines  came  out  of  .synchronism 
and  attempted  to  run  up  to  the  full  speed  of  the  rotating  field  of 
tlie  stator.  In  ])ructiee  these  have  been  found  unnecessary,  as 
the  large  current  taken  on  the  alternating-current  side  under  such 
circumstances  brings  out  the  circuit  breaker. 

Eledriml  Connection's  to  Main  Direct-current  Busbars.—  All 
the  diroct-current  machines  are  connected  either  to  the  direct- 
current  lighting  mains  or  to  the  traction  busl)ars  through  a  triple- 
pole  throw-over  switch.     When  this  throw-over  switch  is  closed 


in  the  upward  position  the  machines  are  connected  to  the 
lighting  busbars  as  shunt  generators,  and  the  neutral  points  of 
the  3-wire  generator  and  the  motor  generators  are  closed  and 
connected  to  the  neutral  busbar  by  one  operation,  and  is,  by  this 
arraivi^ement,  fool  proof  "  against  leaving  out  the  provision  of 
the  balancing'  unangeinents.  In  the  downward  position  the 
machines  are  connected  to  the  traction  busbar  as  compound 
generators  with  the  necessary  equaliser  bar  connections. 

}\  orkiru/  Resulfs  of  ConrcTlin<i  Planf. ― The  motor  converters 
have  now  been  running  for  about  four  years.  The  first  three 
that  were  installed  gave  some  trouble  in  the  initial  stages  due  to 
sparking,  but  the  cause  proved  to  be  due  to  minor  points  con- 
nected with  the  adjustments  of  the  machines  and  not  to  inherent 
faults  in  the  type  of  plant,  l^articular  attention  was  paid  to  the 
correct  width  and  quality  of  direct-current  brushes,  correct 
magnetic  centring  of  the  revolving  parts,  and  correct  spacing 
of  the  direct-current  brush  arms,  after  which  the  commutatiou 
was  greatly  improved,  and  the  running  during  the  past  four  years 
has  given  general  satisfaction.  The  fourth  machine  also  gave 
trouble  in  the  initial  stages  of  operation  owing  to  bad  commuta- 
tion, probably  due  to  the  higher  harmonic  currents  in  the  direct- 
current  •  armatures  being  of  greater  magnitude  than  the  manu- 
facturers anticipated.  The  difficulty  was  overcome  by  the  inser- 
tion of  damping  devices,  as  is  usually  done  on  single-phase  con- 
verters, and  the  running  of  this  machine  is  now  equally  as  satis- 
factory as  the  other  three. 

In  general,  it  has  been  found  that  motor  converters  require 
much  more  minute  adjustment  than  ordinary  direct- current 
generators,  but  when  once  correctly  adjusted  the  attention 
required  is  no  greater  than  on  any  other  type  of  direct-current 
plant.  The  doctor's  bill  has  been  relatively  small.  There  have 
been  two  faults  during  the  whole  of  their  running,  covering  four 
years,  the  one  consisting  of  a  breakdown  on  the  rotor  of  one  of 
the  larger  sets  soon  after  its  installation,  due  almost  certainly  to 
damage  in  transport.  The  second  fault  occurred  quite  recently 
in  the  stator  of  one  of  the  smaller  machines,  the  insulation  of  one 
of  the  coils  breaking  down  to  frame. 

PouK  r  Factor  and  Efficiencies. ― The  guaranteed  efficiencies  of 
the  converters  as  shunt  machines  were  : —— 


1/4  F. 

2/4  F. 

3/4  F. 

4/i  F. 

kw.  set   

89 

90.5 

91 

1,250 

kw.  set   

89-5 

91-0 

91.5 

The  efficiencies  as  obtained  in  actual  working,  obtained  by  a 
large  number  of  measurements  of  the  input  and  output  of  power 
at  the  various  loads,  show  that  the  <^aaranteed  efficiencies  were 
exceeded  by  about  1  per  cent.,  and  this  is  conformed  by  the 
measurement  of  the  separate  losses.  The  sizes  of  the  converters 
are  such  tliat  it  is  never  necessary  to  work  any  of  them  below 
half -load,  and  the  efficiency  of  transformation  is  thus  never  below 
90  per  cent.  The  power  factor  varies  from  -7  to  -85  lagging  when 
the  converters  are  on  lighting,  and  from  -98  leading  to  unity 
power  factor  when  on  traction. 

Three-nnrc  Balancing  ArnmqemciHx. ― One  of  the  most  im- 
portant matters  connected  with  a  3-\viro  lighting  supply  is  the 
balancing  of  the  voltages  due  to  the  inequalities  of  load  on  the 
t,\vo  sides  of  the  3-wire  system.  The  perfect  provision  for  balanc- 
ing in  connection  with  the  motor  converters  is  a  feature  of  the 
arrangement.  All  engineers  will  appreciate  that  if  ordinary 
rotary  balancers  are  suddenly  thrown  out  of  action  through 
mechanical  defects  or  by  being  called  upon  to  cope  with  a  sudden 
large  out-of-balance  load,  enormous  damage  may  be  done  to 
lamps,  &c.，  on  the  distribution  system  by  the  excessive  voltages 
which  might  arise  on  one  side  of  the  system  when  the  balancing 
arrangements  fail.  Each  of  the  motor  converters  installed  in  the 
Municipal  Power  Station  is  capable  of  dealing  with  an  out-of- 
balance  current  of  15  per  cent,  with  a  difference  of  voltage  between 
the  two  sides  of  the  machine  of  1  -5  per  cent,  of  the  average  voltage 
per  side,  the  middle  wire  of  the  3-wire  system  being  connected  to 
the  middle  or  star  point  of  the  rotor  windings  through  a  terminal 
on  the  starting  resistance  which  is  connected  to  the  short- 
circuited  slip  rings.  lu  the  case  of  the  three  machines  having  an 
e(|ual  nuinbor  of  comiiuitating  poles  to  main  poles,  the  coiu- 
iniitiitiiig  】><>le  circuit  is  divided  up  by  fixing  the  windings 
alternutcly  in  the  positive  and  negative  mains.   In  the  fourth 
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machine,  having  only  half  the  nunibor  of  comnuitating  poles  to 
main  poles,  thoro  is  an  additional  wiiulin*^  on  tlio  ronunutatin'^ 
polos,  hiiviiig^luilf  tlio  nuinbor  of  turns  us  the  main  wiiulings, 
iuul  tho  cunvnt  of  tho  middle  wiro  of  the  3-、vir(、  systom  passes 
through  this  additional  winding. 

The  method  of  bahiiicing  by  moans  of  the  neutral  points  of  the 
motor  converters  has  the  following  advantages  as  compared  with 
rotarv  balancers  :  (i.)  It  is  more  efficient,  as  the  windings  utilised 
for  balancing  are  in  circuit  in  any  case,  (ii.)  It  is  safer,  as  it 
forms  a  pcnnanent  part  of  the  converter  unit  and  cannot  drop 
out  of  action  without  bringing  out  tlie  machine  with  it,  this  being 
preferable  to  doing  damage  to  the  difTerent  portions  of  the  distri- 
bution system  of  high  voltages,  (iii.)  It  requires  less  attendance 
than  rotary  balancers,  and  it  is  impossible  to  start  up  without 
the  balancing  arrangeiuent  being  attached  to  the  busbars  at  the 
instant  that  the  converter  is  put  on  the  mains.  (Attendants  may 
forget  to  start  up  rotary  gear.)  (iv.)  Converters  provide  a  large 
capacity  for  dealing  with  out-of-balance  currents.  Thus  with 
two  750  kw.  sets  and  two  1,250  k\v.  sets  working  on  a  3-\vire 
system,  15  per  cent,  of  4,000  kw.  is  600  kw.  or  about  1,200 
amperes.  To  provide  for  such  by  means  of  rotary  balancers  would 
be  very  costly. 

The  use  of  rotary  balancers  has  therefore  been  discarded,  and 
normally  the  out-of-balance  load  can  be  kept  within  200  amperes, 
and  the  converters  are  able  to  deal  with  it  easily  and  the  difference 
in  voltage  is  practically  nil. 

Switchgear. —— It  is  not  intended  that  a  description  of  the  switch- 
gear  and  the  main  switchboard  should  form  part  of  this  paper. 
It  is  the  largest  switchboard  in  South  Africa,  with  four  alternating- 
current  generator  panels,  four  direct-current  generator  panels, 
and  four  converter  panels  for  the  plant  already  described,  and 
there  are  22  direct-current  traction  feeder  panels,  16  3- wire 
direct-current  lighting  feeder  panels.  16  alternating-current 
single-phase  feeder  panels,  and  six  alternating-current  2-phase 
feeder  panels.  All  alternating-current  panels  are  arranged 
in  desk  fashion.  Unfortunately  this  paper  is  already  long 
and  does  not  admit  of  even  a  brief  description  of  the  board. 
The  power  for  auxiliaries  is  supplied  from  a  separate  and  inde- 
pendent section  of  the  switchboard,  and  can  be  supplied  with 
power  from  the  main  busbars  or  independently  from  the  several 
units  in  the  spare  engine  room.  The  station  lighting  can  be 
given  from  a  small  steam  generating  set  as  and  when  required. 

Coyidmlinq  Remarks, ― The  following  figures  convey  some  idea 
of  the  growth  of  the  system  since  1909,  and  of  the  present  dimen- 
sions of  the  electric-supply  undertaking  : ― 


1909. 

1915. 

Total  number  of  connections  to  mains. . . . 

16,091 

Total  number  of  me  tens  on  system   

5,733 

17,350 

Total  units  izonerated   

1 '2,694,367 

26,420,07-2 

5,400 

10,800 

5,340 

7,000 

The  monthly  load  factor,  based  on  the  maximum  number  of 
units  generated  in  any  one  liour  (usually  on  Saturday  evenings), 
is  approximately  30  per  cent.  The  works  costs  are  approximately 
•5d.  per  unit  measured  by  the  actual  units  delivered  to  the  direct- 
current  traction,  the  3- wire  lighting,  and  to  the  alternating- 
current  busbars.  This  includes  a  price  of  4s.  6d.  per  1,000  galls, 
at  present  paid  for  town  water.  The  capital  charges  on  the  total 
power-station  equipment  is  approximately  •22d.  per  unit,  making 
a  total  cost  of  appi'oximateiy  '72d.  per  unit  generated.  The 
selling  prices  vary  from  6d.  to  |d.  per  unit. 

The  department  is  in  a  sound  financial  position,  and  a  brief 
reference  is  given  to  a  few  statistics.  An  amount  of  £550,218  has 
been  provided  out  of  profits  since  1903-4  (after  wiping  out  losses 
owing  to  the  gas-engine  failure  during  the  years  1906-7  and 
1907-8).  Of  this  amount  £95,227  was  utilised  for  capital  moneys, 
and  the  remainder  went  to  the  relief  of  rates,  either  in  assessment 
rate  or  direct  appropriations  in  aid  of  rates.  The  annual  amounts 
provided  for  the  above  purposes  during  the  last  few  years  has 
represented  some  6  or  7  per  cent,  of  the  capital  of  the  whole  of 
the  electric  supply  department,  which  is  approximately  £1,000,000 
sterling,  of  which  £286,000  belongs  to  the  new  steam  station 
plant  and  buildings,  £214,326  is  held  as  an  accuniulated  fund  for 
the  redemption  of  the  loans,  and  there  is  a  net  amount  of  £127,698 
still  standing  to  the  credit  of  the  renewals  fund. 


HARTNELL'S  CENTRIFUGAL  GOVERNOR. 

M  Ii.  Wii'soN  1 1 AHTNKIJ.,  Aysgarl  li，  l{.()Uii(iliay,  IawaIh,  Uhh 
recently  patented  a  method  of  guiding  and  revolving  the 
wei^'lits  of  ceiiti-ifugal  governors  wlieii  they  are  pivoted  to,  or 
rent  upon,  rocking  levers,  so  that  the  weights  always  maintain 
t  he  same  angular  position  in  reference  to  any  plane  of  roiatioii 
w  lien  at  the  same  radial  distance  from  the  axis  of  revolution. 
The  weights  are  coupled  to  a  sliding  sleeve  on  the  spindle  in 
any  usual  manner  so  as  to  move  equal  distances  U)  or  from 
t  lie  axis  of  revolution.  Fi^s.  1  aiul  2  represent  llio  side  view 
and  plau  view  of  a  centrifugal  governor  with  the  guiding  arms 
on  the  outside  of  the  weights.  Fig.  3  represents  a  plan  view 
with  the  o-uidiiig  arms  partly  inside  the  weights.  Fig.  4 
represents  a  side  view  showing  the  anus  resting  in  grooves  on 
the  opposite  weight.  The  arms  A  are  fixed  at  one  end  on  each 
weight,  which  rest  and  slide  on  the  weiglit  diametrically  oppo- 
site. These  arms  are  slotted  radially  (see  Figs.  1，  2，  3)  and 
embrace  a  roller  placed  on  an  extension  of  the  lever  pin  D  of 
the  opposite  weight  B，  Fig.  3.  If  these  slots  are  parallel  to  a 
plau©  of  rotation,  the  weights  must  always  be  in  the  same 
angular  position  in  respect  to  that  plane  at  any  radii,  although 
the  weights  may  rise  and  fall  axially.    By  inclining  or  curving 


H.vrtnell's  Centrifugal  GovtitNou. 


these  slots  the  angular  position  of  the  weights  can  be  varied, 
when  required,  for  every  variation  of  radial  position.  If  it 
is  not  convenient  for  the  slots  to  rest  on  the  extended  lever 
pins,  special  roller  pins  C  (Figs.  1  and  2)  may  be  fixed  on  the 
weights  conveniently  near  the  lever  pins.  This  construction 
can  be  varied  by  putting  slots  on  weights  and  placing  the'  pin 
and  rollers  on  the  arms  of  the  diametrical  opposite  weight  F 
(Fig.  4).  、 

The  advantages  of  the  arrangements  described  are  that  the 
centrifugal,  centripetal,  and  gravitational  forces  can  produce 
no  tilting  movement  of  the  weights.  Hence  the  lever  pins  can 
1)6  located  on  the  weights  where  most'  convenient  to  suit  any 
re(〖uirements，  sucii  as  to  give  the  desired  travel  of  the  governor 
sleeve.  The  weights  themselves,  within  limits,  may  be 
increased  or  decreased  (see  dotted  line  E，  Fig.  4)，  to  suit  a 
variation  of  mean  speed  or  governor  power.  The  governor 
also  may  with  safety  be  run  in  any  required  position,  such  as 
vertical,  horizontal,  or  inverted. 


TREATMENT  OF  FEED  WATER  FOR  LOCOMOTIVE  BOILERS, 

BY  L.  F.  WILSON. 

TtiE  term  "  bad  water  "  may  mean  nearly  anything  or  nothing 
at  all.  Evil  tendencies,  incident  to  the  use  in  locomotive  boilers 
of  all  kinds  of  water,  evidence  themselves  in  three  ways,  viz., 
in  iniTu.stratioii,  in  corrosion,  or  in  foaming ~ sometimes  all  three 

*  Paper  read  before  the  Cinoinnati  Kailway  Club,  May,  1916. 
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together,  but  luckily  we  do  not  usually  find  much  scale  in  a  water 
\vhich  has  a  natural  foainiiig  tendency,  or  foaming  in  a  water 
which  has  a  large  percentage  of  incrvistatiiig  solids.  Without  going 
too  deeply  into  the  chemistry  of  feed  water,  it  is  well  for  all 
motive-power  men  to  know  that,  roughly  speaking,  the  sulphates 
cause  hard  scale,  the  carbonates  cause  a  mud  precipitate,  and 
alkali  salts  cause  foaming,  if  in  predominancy.  Therefore  a 
glance  at  a  carefully  prepared  analysis  will  serve  to  determine 
what  may  be  expected  to  happen  when  the  water  is  evaporated. 
Sulphates  precipitate  only  at  a  boiler  temperature  corresponding 
to  GOlbs.  or  TOlbs.  pressure.  Carbonates  precipitate  at  boiling 
temperature  (212。).  This  explains  why  low-pressure  boilers  do 
n  )t  have  serious  scale  troubles. 

The  direct  results  of  a  coating  of  hard  scale  in  a  boiler  are 
high  boiler  maintenance  cost,  higher  fuel  cost,  and  failures  on 
account  of  leaking.  Foaming  has  even  more  direct  results  in  cut 
cylinders,  clogged-up  superheaters,  and  reduced  pulling  capacity 
to  the  point  of  failure.  Corrosion  goes  with  the  sulphate  scale. 
It  is  the  rankest  fallacy  to  advance  the  theory  that  a  coating  of 
scale  will  protect  a  boiler  from  pitting.  Corrosive  action  goes  on 
under  a  sulphate  scale  by  the  release  of  acid  incident  to  the  high 
temperature,  and  the  iron  is  turned  into  red  oxide,  familiarly 
known  as  rust.  Due  to  the  unstable  nature  of  the  resulting 
sul]>luite  of  iron,  the  acid  is  continuously  liberated  to  attack  the 
iron,  leaving  the  oxide  layer  behind,  as  can  be  readily  noted  under 
a  high  temperature,  high -pressure  sulphate  scale.  It  occurs  in 
" pits  •，  simply  on  account  of  lack  of  homogeneity  of  the  metal 
― some  portions  lending  themselves  more  readily  to  acid  action. 

The  treatment  of  boiler  feed  water  may  be  pursued  by  any 
one  of  three  methods,  which  may  be  termed  for  the  purpose  of 
this  paper  "  external  treatment/'  "  semi-internal  treatment/ 'and 
" internal  treatment.  ' 

By  "  external  treatment  "  is  meant  the  wayside  plant  or 
mechanical  water  softener.  In  the  treatment  of  boiler  feed 
waters  by  this  means,  on  a  railway,  it  is  customary  to  locate 
water-treating  plants  at  points  where  large  amounts  of  badly 
incrustating  waters  are  taken.  Assuming,  of  course,  that  the 
proper  chemical  reagents  are  used,  this  method  is  ideal,  under 
certain  conditions,  and  has  to  its  advantage  a  feature  which 
appeals  to  steam  engineers,  in  that  it  deposits  the  incrustating 
solids  before  the  water  is  taken  into  the  locomotive  tenders  ；  but 
its  disadvantages  are  very  evident,  after  some  little  thought. 

We  will  assume  that  a  division  of  one  of  our  railways  has 
water  stations  at  five  points— A,  B,  C,  D，  and  E.  It  is  brought 
to  the  attention  of  those  in  authority  that  the  water  at  station  C 
is  scaling  up  the  boilers  very  badly,  and  after  due  consideration 
a  water- treat  merit  plant  is  located  at  C，  and  it  goes  into  operation. 
It  then  becomes  evident  that  now  the  waters  at  B  and  D  are 
very  bad，  although  by  comparison  they  were  not  considered  so 
bad  as  that  of  C.  It  is  also  discovered  that  there  is  little  improve- 
ment in  the  conditions  of  the  boilers,  because  of  the  fact  that 
there  is  only  a  small  percentage  of  water  taken  on  the  division 
which  has  Ix'cti  treated.  The  officers  are  then  up  against  the 
proposition  ol  treating  the  rest  of  the  waters.  Now,  each  treating 
plant  costs  several  thousand  dollars,  and  tliey  must  lu'  operated 
by  men  who  must  necessarily  be  on  the  pay  roll  and  who  must 
give  their  time  to  the  operation  of  the  plants.  In  lieu  of  this, 
they  can，  of  course,  get  along  with  the  slightly  better  results 
which  they  have  obtained.  It  must  be  remembered  that  this 
is  only  one  division,  and  in  those  times  of  stringency  in  the  railway 
treasuries  these  officers  are  going  to  have  trouble  in  securing  the 
necessary  appropriations.  We  must  also  reiiiein])or  that  the 
chemicals  which  are  used  in  tli(.\se  treatin*^  plants  co.st  nearly  as 
much,  and  sometimes  more,  than  those  used  in  other  methods 
of  treating. 

In  the  above  we  are  assuming  that  the  water  which  has  been 
treated  by  these  plants  is  perfect  boiler  water.  Unfortunately 
this  is  not  always  a  fact  ；  it  is  very  frequently  the  case  that  the 
water  which  is  delivered  thus  li as  aocjuired  an  evil  tendency  which 
it  did  not  liave  in  its  raw  state,  viz.,  foaming.  This  nioaiis  that 
tlie  .semi-internal  troatiiient  must  l)e  used  after  all.  Tliat'  is,  we 
must  ]u)\d  this  water  down  in  the  boiler  l)y  the  use  of  some  unti- 
foaming  compound.  The  reason  for  this  foaming  tendency  can 
be  explained  easily.  The  usual  treatment,  used  to  throw  down 
the  scale-forming  impurities,  is  sodium  carbonate  (soda  asli).  A 
reaction  in  the  boiler  nplit-s  xip  the  calcium  8ul])liate  and  tlio 
sodium  carbonate,  and  recoiubines  them  aB  sodium  sulphate  and 


calcium  carbonate,  the  latter  being  precipitated  as  mud,  and  the 
former  remaining  in  solution.  W.  A.  Pownell,  of  the  Wabash,  is 
authority  for  tlie  stutenient  that  a  boiler  will  be  in  a  foaming 
condition  when  the  sodium  sulphate  and  other  sodium  salts  have 
readied  a  conceutratiuu  of  2,000  or  more  parts  per  million.  This 
concentration  is  increasing  steadily  as  the  water  is  evaporated  and 
11  sod  as  steam.  It  must  be  reduced  by  changing  the  water 
]>eri()(lic*iilly  or  constantly  according  to  circumstances.  A  good 
iiiiti-fuamiug  compound  will  allow  of  a  far  higher  concentration, 
and  is  therefore  an  economy  in  this  method  of  treatment,  as  the 
enormous  waste  of  constant  water  change  is  reduced  to  nearly- 
zero. 

By  the  term  "  semi-internal  '，  is  meant  the  addition  of  a 
boiler  coin})ound  to  the  water  in  the  tender  tank.  This  method 
of  IrcatiiH.Mit  lias  1)('en  in  use  on  many  railways  of  the  Continent 
lor  ； I  <iroat  many  yeai's.  It  resembles  in  effect  the  method  just 
ex])l;iiiied,  and  was  first  used  systematically  about  30  years  ago. 
The  treatment  consisted  in  the  use  of  our  old  friend  sodium 
carbonate,  coinniuiily  known  as  soda-ash.  The  use  of  sod  a- ash 
thcix^fore  is  of  Imig  .stuiiding.  Its  purpose  is  to  throw  down  the 
iiu-nisiat'ii,!'"  solids  only.  In  waters  which  are  not  heavy  in 
incrustiitiiig  solids,  the  beneficial  results  from  the  use  of  soda-ash 
or  a  guud  proprietary  anti-scaliiig  compound  are  so  evident  as  to 
hv  iiii(loiiia))l('.  However,  its  very  method  of  use  is  against  it. 
Eiiyiiienieii  do  not  directly  benefit  by  the  use  of  a  material  which 
is  given  to  tlieiii  to  use,  which  has  for  its  sole  purpose  the  decrease 
ill  boiler  maintenance  cost.  「riie  officers  of  the  railways  who  are 
responsible  for  its  use  give  instructions  as  to  the  amount  to  be 
placed  in  each  tank  of  water.  This  amount  is  usually  figured 
large  enough  to  throw  out  of  solution,  by  chemical  combination, 
the  sulphates  which  form  scale.  Unfortunately,  where  these 
8ul[)liute8  are  in  large  piupui'tions  a  dose  of  compound  which  will 
take  care  of  them  is  so  large  as  to  result  in  a  concentration  in  the 
boiler  which  results  in  foaming,  thus  striking  the  engineiiian 
between  the  eyes.  He  is  re'spunsible  for  getting  his  train  over  the 
road,  but  he  is  not  responsible  for  the  scale  in  the  boiler.  What 
is  the  logical  solution  which  occurs  in  the  brain  of  this  engineman  \ 
The  soda- ash  will  do  no  harm  on  the  right  of  way  or  in  the  firebox  ； 
the  fireman  can  take  his  choice,  and  nobody  is  the  wiser.  There 
are  many  treatments  which  are  designed  to  be  used  in  just  the 
same  way  as  the  above,  and  while  the  results  from  same  may  be 
good  to  a  certain  extent,  the  disadvantages  as  above  detailed 
apply  to  them  all. 

With  r(_'S])oct  to  the  use  of  compounds  which  are  prescribed 
for  certain  、vak'i'  analysis  and  used  by  any  method,  they  may 
u  oi.k  with  beuelicial  results  where  one  kind  of  water  is  used  (that 
for  which  the  conipound  is  prescribed)  ；  but  it  does  not  seem 
luj^it'a!  to  assuDH'  that  fm'  locomotive  boilers  this  could  be  practical. 
So  lilt'  swik'li  engines,  it  is  true,  】imy  operate  constantly  in  one 
water,  and  such  treatment  would  work  successfully.  We  are, 
however,  interested  in  eliminating  the  evil  e fleet  of  bad  water 
out  on  the  line.  A  passeii^^er  engine  may  go  over  the  division  on 
three  tanks  of  water.  A  freight  engine  may  go  over  the  same 
division  on  five  tanks  of  water,  luore  or  less.  Each  day  these 
supplies  are  tukcn  into  the  tender  in  different  proportions, 
therefore  each  day  the  average  analysis  diiTers.  Is  there  a 
chemist  who  would  assume  to  find  the  correct  reagents  under 
such  conditions  ？    Yet  these  are  the  normal  conditions. 

So  far  as  the  writer  is  aware,  the  first  use  of  a  semi-internal 
treatment  or,  in  fact,  the  first  attempt  to  treat  bad  boiler-feed 
water  on  any  large  railway,  which  attempt  later  led  to  general 
use  of  the  Ireatnient  on  that  road,  was  initiated  on  the  Chicago, 
Milwiiulm、  and  St.  Paul,  in  1879.  A  machinist  at  the  North 
Milwaukee  shops  compounded  soda-ash,  tannin  extract,  and 
sorghum,  and  used  the  combination  in  a  few  boilers  with  fairly 
good  results.  Later  this  material  was  mixed  at  Milwaukee  and 
shipped  to  dilTerent  provision  terminals.  By  1890  it  had  been 
discovered  that  the  commercial  soda-ash  alone  did  all  that  the 
CO  111  pound  niodicine  liad  been  doing,  and  it  was  thereafter  shipped 
without  mixing,  for  <^eiieial  application  to  the  tender  tanks. 

In  those  days  cn<:iineinoM  had  the  same  prejudices  that  】nany 
of  them  evidence  to-day,  varying  in  effect  as  their  prerogatives 
wore  not  so  limited.  They  objected  to  soda-ash,  in  that  they 
could  not  see  its  benefit,  and  it  caused  foaming.  The  result  was 
that  the  required  amount  for  a  trip  had  to  be  placed  in  the 
tenders  at  the  terminal,  and  this  large  dose  frequently  did  cause 
more  than  imaginary  foaming.    Some  of  the    engineers  took 
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readily  to  tlio  now  order  aiul  consistontly  carried  out  instructions 
with  tho  rosult  that  their  hoilors  rt'iimr(、(l  fur  less  "mi"t('ii;m(v 
oxponso  and  tho  foiimiii'i;  huiihciu*  lost  in  ii"|»。r"in('('. 

St  ili.  down  t  hrough  tlu、  yoars  to  t  li(、  ptvscnt  l  im"'  I  lie  '山 
tions  t(»  this  inothod  of  usiiio-  sodii-asli  lmv(、  licld  ； uul  \vi(  li 

the  advent  of  liirvrer  p<、、v(、r  mul  pooloil  (、ngim、-s，  tho  only  iiir('i"iv" 
which  the  oii^^iiuMnan  had  to  use  soda-ash  in  furtheranct*  of  his 
selfish  iiitvivst's,  luis  (lis;i|>i>(、;u'o(l.  Closo  supervision  ciin  (mly 
slitrhtlv  hottor  the  conditions,  not  euro  thoni.  Moreover,  ho  wlio 
would  suporviso  the  consistent  uso  of  soda-ash  must  ho  |m、|>;u'(、(l 
to  DlTsot  the  ovil  tondency  to  foaiu,  iiivcn  tlio  water  in  tho  imih"' 
by  this  system.  He  must  blow  out  the  coiicentratod  wutor  and 
replace  it  by  raw  water  from  the  tank.  This  can  be  done  syste- 
matically or  spasmodically,  but  it  nuist  ho  done  if  water  hoavy  in 
incrustiiting  solids  is  to  he  ko])t  within  hounds  after  conipleto 
treatment.  Either  method  of  blowing  involves  the  loss  of  fuel 
and  water,  and  reduces  boiler  efficiency.  Water  which  has  been 
raised  to  the  tomperature  of  steam  at  a  pressure  of  200lbs.  is 
pretty  valuable  material,  and  its  heat  units  should  be  used  in  the 
cylinders  ami  not  to  paint  the  right-of-way  fences. 

What  is  more  natural  than  that  we  turn  to  a  method  of  treat- 
inont  which,  while  removing  from  tho  (、"gine  crew  all  responsi- 
bility and  knowledge  in  the  matter,  still  produces  far  better  results 
than  does  this  method,  and  which  does  not  cause  foaming  and 
costs  less  than  other  method? 

By  the  term  "  internal  treatment  ，，  is  meant  a  treatment 
applied  to  the  boiler  direct.  Since  tlie  boiler  must  be  opened  at 
stated  intervals  for  washouts  or,  in  unusual  cases,  for  running 
repairs,  tho  application  of  a  treatment  planed  directly  in  tlie  boiler 
may  be  done  at  the  periods  wlion  the  ])oilor  is  opened  for  washouts 
or  for  repairs.  Since  any  chemical  reaction  incident  to  the  use  of 
such  a  treatment  must  take  place  as  rapidly  as  the  roaoents  are 
brought  into  touch  with  their  chemical  affinities,  and  since  the 
locomotives  will  probably  operate  on  the  average  of  10  days 
between  washout  periods,  it  is  evident  that  somethin*^  other  thun 
ordinary  chemical  reaction  nnist  be  depended  upon  for  satis- 
factory results  by  this  method. 

Tlie  use  of  mercury  has  been  made  practical  by  a  process  in 
its  treatment  which  involves  heating  and  the  separation  of  raw 
mercury  into  fine  particles,  and  the  addition  of  a  carrying  com- 
pound which  lias  a  primary  chemical  action  in  the  boilers.  It  is 
necessary,  however,  for  the  reason  just  given,  to  depend  on  the 
mechanical  action  of  the  mercury,  which  is  a  peculiar  one,  and 
one  which  deserves  explanation. 

It  is  noted  that  the  boilers  wliicli  have  been  treated  by  this 
method  are  coated,  so  far  as  tlieir  heating  surfaces  are  concerned, 
with  a  black  film,  sonietimos  dosionatcd  as  an  amalgam  but,  more 
properly,  sini]>ly  as  a  "  film."  This  film,  however,  does  not  form 
except  the  old  adhering  scale  has  first,  been  thrown  down,  by  the 
very  process  incident  to  the  formation  of  the  film.  The  surface 
film  on  the  heating  surface  is  formed  only  while  under  pressure 
and  subject  to  heat.  An  oxidisation  of  the  mercury  which,  in 
connection  with  the  iron,  cleaned  by  emulsified  kerosene  used  in 
the  preparation,  and  in  the  presence  of  a  powerful  alkali  salt, 
forms  this  film  under  scale  which  may  have  accunuiliitod,  forcinf^j 
it  off  by  expansive  action.  This  surface  coating'  furnislios  a 
protection  against  either  acid  or  galvanic  action.  It  appears  to 
stand  a  sulphuric-acid  test  perfectly,  and  for  this  reason  pitting 
troubles  are  reduced  by  its  use. 

This  material  is  put  up  in  stick  form  about  IGin.  to  18in.  long 
and  lin.  square,  and  weighing  about  lib.  each,  and  is  placed  in 
the  boilers  through  the  washout  plugs  after  the  locomotives  have 
been  washed,  making  it  a  round-house  proposition  instead  of 
being  looked  after  by  tho  engine  crews,  thus  involving  the  ser- 
vices of  one 】mn  for  ])erha])s  150  engines,  rather  than  those  of 
150  enginemen. 

The  carrying  composition,  after  the  boilers  liave  been  filled  uj), 
gradually  dissolves,  liberating  the  infinitesimal  particles  of 
mercury,  too  insufficient  in  mass  to  be  much  affected  by  gravity. 
These  are  carried  into  circulation  all  over  the  boiler  until  <a 
lodgment  is  effected,  probably  in  some  broken  edge  of  a  piece 
of  scale.  Naturally  every  section  of  broken  edge  of  scale  on  tlie 
boiler  plate  or  tubes  is  somewhat  loose,  possibly  owing  to  superior 
expansion  of  metal,  and  is  to  some  extent  free  from  the  plate 
and  tubes.  Into  this  crevice  a  particle  or  uKiny  particles  are 
hurled  by  the  force  of  circulation,  and  mechanical  exfoliation  of 


t lu*  scale  is  ('nV(,t(、（l.  As  soon  as  ji  purticlc  has  hccn  liui K'H  or  li;tH 
insimiiitcd  ilsclf  into  the  l>ml、'（'n  cdj^c,  t  1m»  sudden  cxpunHioi)  of 
<li''  mm'm'y,  duo  to  t  ho  superior  lioui  of  the  plutc  or  (tilic,  may 
luvc  S(un('tliiii«i  to  do  with  the  liiinl  (Icpo.sil,,    Mho  tlie 

fact  that  the  water  following  tho  m("rm  v，  uixl  mcetiii*^  the  gr(>;i"T 
lu'iit  tlmuigh  the  superior  conductivity  of  the  mercury,  in  put  into 
such  ;i  rapid  st,;i1,(、  of  ohiiUition  that  tlie  (riohulos  of  steam  rapidly 
JM-iso,  may  Iiavo  soinothin*^  to  do  with  dctarhin^i  of  th(»  scair, 
nr  it  may  be  tlio  conccrtod  action  of  hot'li  the  mercury  and  water. 

All  importiint  feature  connected  wit'li  the  use  of  this  tmitmcnt 
is  tho  |)(tssil>ilitv  of  making  a  reduction  in  fro(|U('iicy  of  boiler 
washouts.  Its  ('{Tect  u|)()n  tho  .slud^^c  and  iiiiid  i.s  to  make  it  very 
sli])|>ei  v  iuul  fine  in  clianictor,  thus  rol)l)ing  tho  mud  of  its  power 
to  .stick  to  the  heating  surface  and  hak<\  which  often  causes  a 
mud-burn.  This  change  in  character  of  the  mud  is  very  important 
as  it  also  makes  it  possible  to  blow  out  of  the  blow - off  cocks  a 
very  much  greater  amount  of  solid  matter  than  formerly.  It  will 
he  readily  seen  that  under  these  circunistances  as  frequent 
washouts  as  formerly  are  not  needed,  the  reduction  being  from 
50  per  cent,  on  some  roads  to  as  high  as  80  per  cent,  oti  others. 
Since  boiler  was]iin*i;  is  rospoiisihle  for  a  considt^rable  amount  of 
upkeep  expense  on  locomotives,  besides  tlio  valua])le  time  it 
require.s,  this  represents  a  very  considerable  saving.  In  fact,  the 
cost  of  this  treatment  is  being  saved,  and  more  than  saved  on 
the  majority  of  engines  now  under  treatment,  by  the  reduction 
in  the  number  of  times  engines  are  washed  per  month.  This  is 
a  very  important  fact,  and  it  will  bo  seen  that  if  the  cost  of  this 
treatment  can  be  saved  by  a  safe  reduction  in  tlie  number  of 
washouts,  all  tlie  other  savings  resulting  from  its  use ― greater 
boiler  efficioncy,  less  staybolt  and  flue  leakage,  longer  firebox  and 
flue  life,  f^reater  reliability  of  the  power,  &c. —— arc  clear  profit. 

One  of  the  results  of  the  early  direction  of  attention  to  methods 
of  combating  bad  water  conditions  was  the  discovery  that  close 
adherence  to  carefully  conceived  rules  in  the  washing  of  boilers 
would  do  wonders  in  reducing  maintenance  cost  as  well  as  fuel 
bills.  Reoardless  of  whether  or  not  there  is  any  treatment, 
boilers  must  be  washed  more  or  less  frequently.  A  thorough  job 
done  according  to  a  proper  system  costs  little  or  no  more  than  a 
haphazard  one,  and  the  good  results  of  tlie  former  are  too  evident 
for  argument.  Boilers  are  washed  more  or  less  frequently  as 
conditions  require.  On  a  great  many  roads  the  mileage  which 
can  be  made  between  washouts  is  determined  solely  by  the  con- 
ditions of  the  water  with  respect  to  foaming.  In  most  cases,  in 
such  localities,  the  obviation  of  foaming  troubles  automatically 
reduces  the  washouts  l)y  half  or  even  more. 

If  foaming  is  caused  by  concentration  of  soda- ash  used  as  a 
treatment,  by  itself,  or  contained  in  some  proprietary  compound, 
then  the  logical  thing  to  do  it  is  change  the  treatment.  It  might 
be  stated  parenthetically,  the  luercury  treatment  above 匿 ntioned 
does  not  cause  foaming.  If  the  foaming  is  caused  by  suspended 
matter  in  the  water  as  taken  from  its  sources,  then  the  use  of  a 
good  anti-foaming  compound  is  a  source  of  great  economy.  It 
blankets  the  water  in  the  boiler,  holding  it  down  under  sur- 
prisingly severe  conditions.  It  is  easy  to  handle,  and  its  use  is  a 
matter  of  great  interest  to  enginonien,  as  it  reduces  their  troubles 
instantly.  There  is  no  deleterious  after  effect  such  as  is  the  case 
with  crude  oil.  After  it  has  performed  its  function  it  disappears 
from  the  boiler  to  the  last  particle. 

Anti-foaming  compound  should  be  mixed  with  the  water  in 
the  tender  tanks,  not  fed  through  the  injector  direct.  The  pro- 
portions required  then  can  be  maintained  and  the  most  efficient 
service  secured.  Whereas,  direct  feeding  is  sure  to  result  in 
larger  quantities  being  used  and  inconsistent  results  being 
obtained.  Anti-foaming  compound  should  be  checked  out  to 
engine  crews  in  the  same  manner  as  is  customary  with  valve  oil. 
There  is  no  good  reason  for  the  indiscriminate  handling  sometimes 
found.  A  minimnin  re  is  obtained  by  test, 謹 i  then  the 
allowance  should  bo  made  slightly  larger  than  this  figure  t<»  meet 
unusual  conditions.  If  its  use  is  systematic,  there  is  a  siin]>licity 
about  the  treatment  which  lias  its  appeal.  There  is  never  any 
difficulty  in  getting  engine  crews  to  use  anti-foaming  compound, 
but  there  is  sometimes  difficulty  in  keeping  the  men  from  m\ng 
too  mucli.  This  does  no  harm  to  the  boilers,  but  it  increases 
the  expense  of  treatment,  and  there  is  every  incentive  for  close 
allowance  in  this  coi"|>u'uk1  that  there  is  in  the  use  of  any  other 
class  of  supplies. 
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THE  EDUCATION  OF  ENGINEERS. 

A  SUB-COMMITTEE  appointed  by  the  Council  for  Organising 
British  Engineering  Industry,  consisting  of  Mr.  A.  P.  M. 
Fleming,  of  the  British  Westinghouse  Company,  Mr.  J.  C. 
Maxwell  Garnett,  Dean  of  the  Faculty  of  Technology  in  the 
University  of  Manchester,  and  Mr.  Miles  Walker,  Professor  of 
Electrical  Engineering  in  the  Manchester  School  of  Tech- 
nology, has  iupt  issued  a  report  on  Engineering  Education  and 
Research,  of  which  the  following  is  a  suinmary.  The  report 
recommends  ： — 

(1)  The  organisation  of  British  engineering  industry,  by 
tlie  federation  of  British  manufacturing  engineers,  for  pur- 
poses which  include  education  and  research.  Such  a  federa- 
tion should  co-opei'ate  with  governing  bodies  of  schools  and 
colleges  as  well  as  with  education  authorities  in  providing  a 
satisfactory  system  for  educating  engineers  ；  with  universities 
and  colleges  in  testing  and  research  ；  and  with  the  Government 
in  conducting  a  central  research  institution  specially  equipped 
for  investigations  with  which  existing  research  laboratories 
are  unable  to  cope. 

(2)  The  co-ordination  of  the  existing  means  for  educating 
engineers  and,  in  particular,  the  provision  of  an  adequate  and 
more  uniform  system  of  scholarships.  To  this  end,  the  number 
of  local  education  authorities  for  the  highest  education  should 
be  reduced,  correspondingly  larger  areas  being  assigned  to 
each. 

We  have  throughout  had  before  us  the  need  for  applying 
to  the  education  of  engineers  the  same  principle  of  continuity 
which  is  familiar  in  every  branch  of  physical  science.  In 
accordance  with  this  principle,  we  consider  that  tlie  last  two  or 
three  years  of  every  person's  whole-time  education  should  have 
the  specific  aim  of  preparing  him  for  his  particular  walk  in 
life,  so  far  as  that  can  be  foreseen.  We  are  not  asking  for 
purely  vocational  training,  and  we  do  not  suggest  that  during 
these  last  two  or  three  years  education  should  be  unduly 
specialised.  Our  desire  is  rather  to  see  a  <^olierent  curriculum 
in  which  every  subject  is  linked  to  every  other  because  they 
are  all  taught  in  close  relation  to  the  student's  future 
activities,  both  vocational  and  social. 

(3)  Til  at  a  large  number  of  junior  technical  schools  be 
established  for  the  education  between  12  and  15  of  boys  who 
intend  to  become  apprenticed  to  engineering  trades. 

(4)  That  all  apprentices  under  18  years  of  age  be  required 
to  attend  part-time  classes  for,  say,  eight  hours  a  week  during 
works  hours  ；  but  that  this  be  subject  to  certain  exceptions 
in  the  case  of  young  people  who  continued  in  attendance  at 
secondary  or  junior  technical  schools  up  to  at  least  15  years 
of  age. 

(5)  That  the  instruction  given  to  trade  apprentices  in  these 
part-time  classes  be  reformed  so  as  to  relate  it  more,  closely  to 
the  apprentices'  every-dav  work  and  so  as  to  include  what  are 
known  as  citizenship  subjects,  for  example,  economic  history  ； 
and  that,  where  a  sufficient  number  of  apprentices  is  employed 
hy  the  same  firm,  such  classes  to  be  conducted  in  that  firm's 
own  works  and  by  the  works  staff. 

(())  That  the  specific  education  given  to  future  members  of 
the  highly-trained  staff  be  provided  in  a  university  oi*  college 
of  university  rank  for  the  maiority  who  should  be  enal>led  to 
continue  their  studies  up  to  21  or  22  years  of  age  ；  ami  in  a 
s.enior  technical  school  for  the  minority  who  may  have  to  enter 
engineering  works  at  18. 

(7)  That  hovs  who  are  to  study  engineering  in  a  University 
should  carry  their  study  of  mathematics  and  physical  science 
to  a  higher  sta^^e  before  leavinjr  school  ；  and  that,  in  general, 
the  education  of  a  hoy  at  school,  instead  of  "being  entrusted —— 
as  in  some  mocleni  secondary  schools ― to  six  or  seven  specialist 
teachers  whose  business  it  is  to  advance  his  knowledge  of  a 
similar  nunil)er  of  separate  subjects  to  a  uniform  level  of 
mecliocrity,  should  ])e  in  the  hands  of  a  succession  of  form 
masters,  wlio,  kiiowiiiir  their  boys  well,  may  exercise  a  profound 
influence  upon  their  characters  and  carry  to  a  high  level  their 
studies  in  a  more  coherent  curriculiun. 

(8)  That  the  coiiclitioiis  for  admission  to  universities  should 
1)e  reconsidered  and  rendered  more  uniform  as  between  difTe- 
rent  universities  and  less  uniform  as  between  different  faculties 
and  diiferent  honours  schools  in  tlie  same  university  ；  and  that, 
in  the  interest  of  candidates  of  mature  age  and  of  other  candi- 
dates approaching  tlie  university  otherwise  than  through  the 
normal  avenue  of  the  secondary  school,  university  entrance 


tests  should  be  distinguished  from  secondary  school  examina- 
tions. ' 

(9)  The  reform  of  university  teaching  in  certain  important 
respects,  notably  by  a  reduction  in  the  number  of  lectures. 

(10)  That  the  completion  of  a  three  years'  university  course 
in  engineering  should  entitle  students  to  no  more  than  the 
B.A.  degree  ；  and  that,  until  candidates  have  added  works 
experience  to  academic  training,  they  should  not  receive 
technical  degrees  一  such  as  Bachelor  of  Engineering  or 
Bachelor  of  Technical  Science ― which  might  then  serve  as  pro- 
fessional qualifications. 

(11)  That  any  time  spent  in  works  between  school  and 
college  should  not  be  unduly  prolonged. 

(12)  That  university  teachers  be  encouraged  to  undertake 
research  on  behalf  of,  and  in  co-operation  with,  manufacturing 
firms  ；  and  that  additional  Government  grants  be  paid  to 
universities  and  colleges  with  this  end  in  view. 

(13)  That,  by  the  establishment  of  such  an  association  of 
編 nufactm'iijg  engineers  as  we  have  advocated  and  by  other 
means,  the  volume  of  research  work  carried  out  in  connection 
with  the  British  engineering  industry  bei  greatly  increased  ； 
and  that  provision  be  made  for  this  increase  in  the  volume  of 
research  bv  fully  utilising  and  extending  the  facilities  already 
available  in  universities  and  colleges,  as  well  as  in  the  works 
of  private  firms,  and  also  by  establishing  a  central  research 
laboratory  for  investigations  that-  cannot  be  carried  out  else- 
wliere. 


WALKER'S  FAN  DYNAMOMETER. 

We  illustrate  herewith  an  absorption  dynamometer,  in  which 
the  power  is  absorbed  by  the  resistance  of  vanes  revolving  in 
air  in  a  similar  manner  to  that  of  a  ventilating  fan,  the  inven- 
tion of  Mr.  Wm.  G.  Walker,  2，  Emery  Hill  Street,  Westminster, 

London,  S.W.  The  bush  A, 
in  which  the  spindle  of  the 
motor  is  fixed,  is  gripped 
between  the  central  portion 
of  the  jaws  B  C  by  means  of 
bolts  passing  therethrougli, 
and  E  are  the.  vanes  gripped 
at  the  opposite  ends  of  the 
jaws  by  means  of  bolts . 
These  bolts  pass  through 
longitudinal  slots,  formed  in 
the  vanes  E  and  jaws  B  C. 
A  series  of  slots  are  formed 
through  the  two  jaws  and 
at  each  side  of  the  centre 
thereof  and  are  spaced  at  a 
specified  distance  from  each 
other,  so  that  the  vanes  can 
be  moved  radially  either  in- 
wards or  outwards  a  speci- 
fied amount.  Similarly 
slots  are  formed  in  the 
vanes,  but  of  a  different 
pitch  to  those  of  the  jaws,  so 
that  the  vanes  can  be 
moved  a  distance  less  thail 
the  pitch  of  the  slots  in  the 
jaws.  Any  desired  radial 
adjustment  may  be  obtained 
depending  on  the  respective 
pitch  of  jaws  and  vanes. 
The  dynamometer  is  so  cali- 
brated that  the  horse-power 
is  known  for  certain  sized  vanes  fixed  at  certain  positions  revolv- 
ing at  any  speed.  For  example,  suppose  it  is  required  to  obtain 
the  horse-])ower  of  an  electric  or  petrol  motor  when  running  at 
a  certain  s])eed  of  revolution,  the  dynamonieter  is  screwed  to 
tlie  spindle  or  shaft  of  the  motor,  and  the  vanes  are  adjusted 
to  such  a  radial  position  so  as  to  cause  the  motor  to  run  at  the 
required  speed  when  under  load.  Knowing  tlie  speed  of  the 
dynamometer  and  the.  position  and  size  of  tlie  vanes,  the 
horse-power  can  ini mediately  be  ascertained  from  the  cali- 
brated results.  The  larger  the  vanes  or  the,  greater  their 
radial  distance,  the  greater  will  be  the  power  necessary  to 
revolve  the  dynamometer  ；  the  horse-power  also  increases  with 
tlie  speed  of  rotation, 


Wai^kick's  Fan  Dyxamomktkii. 
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DESIGN  OF  AN  IDEAL  THRUST  BLOCK. 


I N  |»ro[>('lliiiii  a  .ship  tlu'migli  llic  water,  tlio  |"'。|>(、11<"'  exerts  ；» 
certain  (hniMl  an  (ho  wa-tor  iisiorn  of  i\\o  Mliip  and,  of  coumN  by 
Nmvtm"  Tliinl  Law,  tho  wator  oXiM'tM  an  (、（|ua,l  and  opp"sik、 
thrliJit  On  tho  prop(、ll(、i'.  TliiM  tliniMt  is  traji?4init ted  along'  1  lie 
line  ot  shafting  ta  t\\(*  eiiginoM.  In  an  ordinary  reciprocal inii" 
engino,  the  thrufit  would  liaVc*  to  ho  ta'k(*n  up  l，y  the  crank  \v<'l)S 
bearing  against  the  nuliii  hearings  unload  otlu'r  moans  、v(t(、 
taken  to  receive  this.  To  effect  this  a  thrust  shaft  and  block  is 
placed  between  tho  engines  and  the  ])ro|)ell(M'.  In  siiiallor 
engines  the  thrust  shaft  is  made  integral  witli  tlu'  craiiksliaft, 
hut  this  is  inisiit:sfact*trv,  and  now  is  very  rarely  ('arried  out. 
Tho  ！ nethod  that  is  almost  universal  now  is  to  ？ nake  ii  se])ariite 
shaft  for  the  thrust  shaft,  and  place  it  just  aft  of  the  crankshaft. 

The  thrust  shaft  must,  of  course,  be  designed  to  take  the 
necessary  torque  exerted  by  the  propeller  as  well  as  to  take  up  the 
thrust.  The  diameter  of  the  shaft  is  found  from  Lloyd's  or 
Bureau  Veritas  rules,  and  is  usually  the  same  size  as,  or  a  little 
smaller  than,  the  diameter  of  the  crankshaft.  It  is  also  a  little 
larger  than  tlioso  of  the  tunnel  shafts,  as  if  the  thi'ust  shaft- 
breaks  between  any  of  its  collars,  it  makes  a  repair  somewhat 
difficult. 

One  of  the  first  considerations  is  the  number  of  collars  to  be 
employed  to  tako  up  the  thrust.  Obviously,  lar<>;e  collars  will 
be  less  complicated,  since  there  is  a  certain  definite  area  to  be 
used  to  take  the  thrust,  and  hence  very  few  collars  need  be  ii.serl 
if  each  is  large.  There  are,  however,  several  disadvantages  to 
large  collars.  Forging  is  made  difficult  and  also  with  a  large 
diameter  the  inside  of  the  shaft  may  contain  flaws.  Again,  the 
peripheral  speed  of  the  collars  is  high,  and  this  makes  lubrication 
difficult,  and  increases  the  resistance  due  to  friction. 

The  shaft  is  usually  of  mild  steel,  and  should  ho  carofully 
forged  in  one  direction,  and  not  half  in  one  direction  and  half  in 
the  other,  as  this  introduces  a  weakness  in  the  shaft.  In  some 
cases  3  to  4  per  cent,  of  nickel  is  added,  and  this  gives  a  stronger 
shaft.  All  the  advantages  lie  with  a  shaft  having  a  large  number 
of  small  collars,  except  the  fact  that  it  is  very  complicated.  In 
calculating  the  dimensions  of  the  various  parts  of  the  shaft  and 
the  block,  the  fonmdiio  used  are  largely  empirical  although 
theoretical  formula?  can  be  used  to  a  certain  extent. 

From  elementary  mechanics  we  have  : ― 

Work  done  =  force  .<  distance. 

Thus  we  get 

Effective  horse-power  =  Thrust  (inlbs)  <  Speed  (feet  per  min. ) 
From  this  we  have 


33,000' 


Thrust : 


E.H.r. 

Speed. 


33,000 


The  effective  horse-power  bears  some  definite  ratio  to  the 
indicated  horse-])o\ver,  depeiuling  on  the  mechanical  efficiency 
of  the  engine  and  bearings.    Tlie  usual  ratio  iiiuv  be  taken  as 

E  H  P 

I  ^  p  •    =   '11  for  best  high-speed  engines. 

= -68  for  merchant  boats. 

~  -80  for  turbines. 

Thus  we  get 

TMirust     I.H.P'    y  .  33,000  wliere  y  =  mechanical  efficiency. 


S. 

Hence  we  see  that 


Thrust 


I.H.R 


This  thrust  is  usually  called  the  mean  normal  thrust.  It  is 
clear  that  the  thrust  is  excessive  when  the  speed  is  slow,  i.e., 
when  the  ship  is  starting,  or  towing,  or  going  against  a  strong 
head  wind.  Thus,  although  we  have  the  mean  normal  thrust 
to  base  our  calculations  on,  the  shaft  must  be  designed  to  take 
up  the  maximum  stress,  which  occurs  when  starting  or  towing. 
There  are  various  formuhe  available.  One  which  gives  the 
area  directly  and  with  a  fair  degree  of  accuracy  is 

*  Prize  essay  presented  to  the  Institute  of  Marine  Engineers, 


l^t'JM'iMu  surfncr  of  colhu-s  in  s(ju;irc  iiichos     -(；     (  1 1. 1*. 

i 0  -0  S(|.  ill.  f'( ) I*  ('aril  1. 1 1. 1*. 山' vi'I"|»'m1. 
A  l>H"'r  way  is  f"  lake  a,  ccrfuin  allovvaltlc  invs.siirc  on  the 
woikinu  hearings.    (Jood  vuhjoH  for  ilicsc  [n'csMiros  arc 

nulks.  to  SOlhs.  |t(M'  .s((iiaro  iiicli  for  nicrcaiit ilc  riuiriii**. 
HO  lbs.  to  lOOlhs.  per  s(|uaro  in<-h  for  ？ laviil. 
A  rough  rule  lor  fiii(lin<i  the  niiinhor  of  collars  to       used  is 
gi V(M»  by 

1  collar  up  to  Hi II.  diain.  of  shaft  aiid  an  extra  colhir  for 
every  I  .Sin.  (li;mi. ； 


and 


N  =  1  4-  ^      for  mercantile  marine, 

1  •  n 


^ 一 '「） 

N  =  l+        '   for  naval  and  express. 


The  diameter  of  the  shaft,  as  stated  before,  in  found  from 
Lloyd's  rules.    Hence  we  have  to  finti  the  diameter  of  the  collar. 

Total  bearing  area  A  =  ^  {D-—(P)  -N-  square  inches, 

where  D  =  diameter  of  collar,  f/ =  diameter  of  .shaft,  N  =  number  of 
collars. 

Total  Ihrust  =  total  area      allowable  pressure. 
T  =  A  X  P. 

= P  <  ^  X  N  (D2— rf". 
From  which  D  can  be  found. 

In  practice  the  rule  for  the  thickness  of  the  collars  is  given  by 
T-0.4  (D-d), 
The  space  between  tjie  collars  is  found  by  : ― 

(1)  With  rings  of  solid  brass  T  =  0-4  (D— rf). 

(2)  With  rings  of  cast  iron  lined  with  brass  or  white  metal 

T=0.75  (D-rf). 

(3)  With  rings  of  cast  iron,  hollow  to  allow  for  water  circula- 

tion T-(D-rf). 

Another  rule  for  giving  the  pressure  on  a  thrust  bearing  is 


Pressure  in  pounds  per  square  inch  =^ 


800 
\/fU/  +  100 


where       R  =^ revs,  per  minute,  rf  =  (liam.  of  sluift  in  feet. 


Fig,  1.— Soi,n>  Thhttst  I^ock. 

A.  Steel  Thrust  Shaffc.    B.  Collars  on  Shaft.    C.  Cast- iron  Base  Block  and 
Cover,  bolted  to  seating  D.     D.  Cast-iron  StiaMng  bolted  to  ship's  framing. 
E.  White  Metal  Lining,  cast  in  Base  Block  and  Cover. 

The  thrust  -shaft  and  block  are  usually  placed  next  to  the 
crankshaft  inside  the  engine-room  if  possible,  so  as  to  permit 
inspection  of  the  block  by  the  engineer  in  charge.  The  shaft  is 
supported  at  each  end  by  a  pillow  1)1  ock  so  as  to  prevent  any 
vibration  which  would  cause  an  inequality  of  pressure  on  the 
thrust  l)oa.rint»;s. 

There  are  three  types  of  thrust  blocks  in  use.  Type  1.  shown 
in  Fig.  I  consists  of  a  cast-iron  base  block  and  cover,  the  division 
being  horizontal.  Rectangular  grooves  are  turned  in  these,  in 
which  brass  thrust  rings  are  fitted.  The  rings  are  scraped  to 
make  a  good  fit  with  the  collars  on  the  shaft,  and  small  radial 
oil  grooves  are  cut  in  the  former.  Since,  if  this  block  were  to 
heat,  it  would  necessitate  the  stopping  of  the  engine  and  the 
removal  of  the  thrust  shaft  or  the  block,  in  the  event  of  a  serious 
heatin<>-  and  damage  to  one  or  more  of  the  collars.  The  block  is 
not  generally  constructed  to  admit  of  slipping  it  out  by  dropping 
sufHciently  to  clear  the  shaft,  so  that  the  disconnecting  of  the 
shaft  is  necessary  as  a  rule  before  the  block  can  be  got  out.  Both 
the  cover  and  base  of  the  block  are  water  cooled,  but  even  with 
this  the  block  is  unsatisfactory,  and  is  rarely  used  now. 

For  large  engines  Type  II.,  the  horse-shoe  type,  Fig.  2,  is 
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universal.  Tt  consists  of  a  cast-iron  bed,  cast  so  as  to  provide  a 
bath  for  lul)ri('aiit，  in  which  tlie  shaft  runs  partially  immersed. 
Cast  iron  shoos,  hollow  to  permit  of  wntcv  circulation,  and  lined 
on  each  face  with  white  metal,  rest  in  position  between  the  rollars 
as  shown.  A  fine-threaded  screw  goes  on  eacli  side  of  the  shaft 
down  the  whole  length  of  the  block,  and  gun-metal  rmts  on  these 
hold  the  shoes  in  position. 

The  water  service,  not  shown  in  the  skotch,  is  arranged  so  that 
each  shoe  has  a  separately  controlled  supply  of  water.  Hence 
the  teni])eraturo  of  the  wliolo  block  can  be  equalised,  and  this  is 
conducive  to  smootli  riinniii}^.  The  bearings  at.  each  end  liave 
stufHnu-boxos,  so  tliat  the  oil  can  rise  above  the  bottom  of  the 
shaft,  and  usually  immerses  lialf  the  shaft.  This  oil,  in  many 
cases,  is  cooled  hx  small  water  tubes  passing  starboard  to  port, 
througli  the  oil  bath.    The  cooling  surface  need  not  be  large  if 


Per  cent. 

Mercantile  marine    0-4 

Ex])ress  stoamors  and  lar^o  naval  boats  ....  0.5 
High-revolution  and  small  naval  boats....  0.65 

High-revolution  turbines    1  -0  to  1  -3 

A  general  rule  for  all  is 

Loss  per  cent.  =0-5\/R.P.M. 
When  Parsons"  turbines  first  came  into  prominence,  the 
t  hrust  l)lock  was  not  so  important,  as  the  steam  pressure  was 
arraii.sod  to  balance  the  thrust  ；  but  now  that  helical  gearing  has 
been  introduced  the  thrust  must  be  taken  up  as  before.  Experi- 
ments have  been  carried  out  with  roller  and  ball  bearings,  but 
these  have  had,  so  far,  little  success.  Perhaps  now  that  greater 
accuracy  in  making  the  balls  has  been  obtained,  this  may  be 
more  successful. 


Fig.  2. ― Horsi-:shoe  Thrust  Block  with  Internal  "\Vati':ii  SKUviri^. 

A.  Steel  Thrust  Shaft.  B.  Collars  on  Shaft.  C.  Cast-iroi!  Fniiiic.  s.-currly 
l.oUofi  to  ship's  framing,  which  takes  thrust.  D.  Part  of  (',  whidi  lnKcs  tlic 
I)hniiiner  l>lock  at  after  end  of  Thrust  Shaft,  E.  Steel  Screw I'd  Tliiust  li:i.y^ 
scfMired  to  framing'  C.  G.  Thick  IMiosjtlior  I  bronze  Nuts  to  take  up  thrust. 
Often  wi'oiit^ht  iron .  H.  Horse-slior  Tlniist  Ritif^s.  liiief"!  with  while  metal  on 
l)oth  sides  next  Collais  on  Shaft.  .1.  }i()ll(>\v  space  for  water  circuliition .  K.  Oil 
Ways  and  Groo\e  for  aliead  ThnisL  in  \\  Ititc  iiu'tal.  L.  Oil  "  a:  for  astern 
Thrust.  M.  Air  Outlet,  fitted  with  a  cock.  Iroiu  、、； i,U'r  service.  N.  lU>lt  Holes 
for  holding  down  each  shoe  to  frame.  1'.  I'hosphor  Bronze  Nuts  for  adjusfc- 
men  t  of  thrust  shoes  independently. 

the  shoes  are  water  cooled,  as  most  of  the  heat  generated  by  the 
friction  is  carried  away  by  the  water  service  through  the  shoes. 
Since  the  shoes  are  of  the  horse-shoe  type,  the  centre  of  ])ressiire 
of  the  bearing  area  is  above  the  centre  of  the  shaft.  The  thrust 
screws  are,  however,  arranged  so  that  they  are  on  the  same  level 
as  the  centre  of  pressiue,  and  thus  the  shoes  bear  evenly  against 
the  collar. 

The  chief  advantage  of  this  type  is  the  fact  that  eacli  shoe 
can  be  adjusted  independently  of  the  rest.  Also  if  one  shoe 
" fires  up,"  it  can  be  removed  and  replaced  without  stopping  tlie 
en*iin(\  It  also  entails  less  .s])are  gear.  Lul)rication  is  greatly 
assisted  by  the  oil  bath,  and  the  oil  grooves  are  cut  in  a  special 
manner  as  shown.  The  chief  difficulty  in  lubrication  is  due  to 
the  fact  that  the  centrifugal  action  of  the  collars  tends  1o  throw 
the  oil  out  immediately.  Also  there  is  no  real  point  of  "  no 
pressure  "  at  which  to  introduce,  the  lubricant  as  in  an  ordinary 
journal  bearing. 

A  third  type  is  duo  to  Mr.  Seat  on.  This  is  similar  in  general 
construction  to  Type  I..  l)ut  the  division  of  the  two  halves  is 
vertical  and  not  horizontal.  This  enables  the  block  to  be 
examined  witliout  removal  of  tlio  sliaft,  as  the  two  halves  arc 
made  so  as  to  slide  out  horizontally.  Another  improvement  in 
the  construction  enables  the  whole  of  the  bearing  surfaces  to  run 
in  a  batli  of  lubricant.  This  type,  liowever,  is  only  used  for  small 
engines. 

In  every  type  there  is  a  small  clearance  between  the  shaft  and 
the  inside  of  the  shoe  or  brass  ring,  since  the  block  is  (losigm'd 
solely  to  take  the  thrust  of  tlie  propdler,  and  not  the  \vei<^lit  of  the 
shaft.  The  block  is  1">1U>(1  to  the  frames  of  the  ship  l)y  means  of 
a  seating  plutc  on  which  it  rests.  This  plate  is  secured  by  tic 
beams  and  <iir(lors  longitudinally  to  sovrral  frames,  so  t li at  no 
excessive  strain  is  exerted  on  any  pjirt  of  the  ship. 

With  modern  thrust  l)locks  the  loss  due  to  friction  is  now 
comparatively  small,  although  authorities  differ  on  this  subject . 
Good  values  for  the  loss  ex]»rosse(l  as  a  percentage  of  the  total 
power  are  as  follows  ： 


IMPROVEMENTS  IN  ROTARY  BLOWERS, 

The  accompanying  sectional  views  show  a  design  of  positive 
rotary  blower  of  the  type  comprising  a  spider  or  drum  which 
is  ecceiitrical，y  in  on  n  ted  in  a  cylinder  and  to  wliicli  are.  hinged 
at  spaced  points  blade-carrying  arms,  the  invention  of  Messrs. 
J .  and  Gr.  Keith,  27,  Farringdon  Avenue,  London,  E.G.  The 
blower  comprises  a  spider  or  drum  M  on  which  are.  hinged  at 
spaced  points  N  a  number  of  sets  of  arms  0，  each  carrying 
a  curved  blade  P,  the  axis  of  curvature  of  which  is  substan- 
tially collinear  with  the  axis  of  the  corresponding  hinges.  At 
spaced  points  on  the  external  periphery  of  the  spider  or 
drum  M  are  fitted  a  numbei'  of  si  rips  Q  of  felt  or  other  suitable 
material,  with  which  strips  the  convexly  curved  faces  of  the 
blades  P  are  in  effective  contact.  The  strips  Q  are  formed 
to  function  as  cup  leathers.  The  blower  is  adapted  to  be  run 
in  either  direction.  The  edges  of  the  blades  contacting  with 
the  wall  R  of  the  cylinder  may,  if  desired,  be  fitted  with  wear- 
ing strips  for  engagement  with  the  internal  cylindrical  wall  R. 
With  a  blower  constructed  as  described,  the  force  exerted  on 
tlie  blades  P  by  the  pressure  of  the  fluid  in  front  has  effect 
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merely  on  tlio  hinges  N  and  is  not  trr.nsmittefl  either  to  the 
cylinder  or  to  the  stationary  strips  Q.  Further,  there  is  no 
tendency  for  the  fluid  pressure  to  blow  the  blades  P  inwards 
no  in  fitter  in  what  direction  the  blower  is  run.  The  blades 
may  be  maintained  in  their  outward  position  l)y  the  action 
of  centrifugal  force,  or  springs  may  be  fitted  on  tlve  lunge 
pins  so  as  to  maintain  tlie  blades  in  outward  position  by 
spring  action.  As  shown  in  Figs.  2  and  3,  the  cylinder  cover 
S  may  be  grooved  for  engagerne.nt  by  guide  blocks  T,  each 
block  having  a  slotted  aperhire  into  which  projects  a  pin  U 
on  the  corresponding  blade  ；  the  dimensions  of  tlie  slot  being 
such  as  to  leave  tlio  blade  free  to  make  proper  contact  with 
the  internal  cylimlrical  wall  l)y  the  action  of  centrifugal  force 
or  of  springs. 
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VENTILATION  REQUIREMENTS  AND  TEST  METHODS.* 

BY    DR.    K.   V.  mU" 

Various  experiments  have  been  tried  in  the  past  to  provide 
ventilation.  The  fi rst  experiment  was  with  windows,  and 
while  they  served  the  purpose  admirably  wlien  a  large  air 
space  per  occupant  was  available,  it  was  soon  found  tliat  in 
cold  or  inclement  weather,  where  a  large  number  of  persons 
occupied  a  limited  space,  window  ventilation  was  unsatisfac- 
tory and  insufficient.  Various  types  of  ventilators  and  ven- 
tilating flues  were  experimented  with  and  still  have  a  liiniled 
field  of  application.  But  little  actual  progress  was  made  until 
the  invention  of  the  centrifugal  fan. 

In  1847  Mr.  Buckle  presented  before  the  Institution  of 
Mechanical  Engineers  data  for  the  design  of  a  fan  which  does 
not  differ  greatly  from  those  of  the  present  time.-  From  tliis 
to  the  modern  multi-blade  type  is  only  a  short  step,  and  the 
improvement  is  probably  only  in  an  increase  in  efficiency  of 
10  or  15  per  cent.  With  this  device,  together  with  a  suitable 
arraaigement  of  distributing  ducts,  heaters,  &c"  a  continuous 
and  adequate  air  supply  can  be  secured  and  controlled  at  a 
niiniiiium  of  expense.  This  was  tlie  solution  of  the  ventilating 
problem  up  to  within  comparatively  recent  years.  Installa- 
tions were  made  during  this  period  on  the  assumption  that  if 
30  cub.  ft.  of  air  per  occupant  were  introduced  into  a  school- 
room or  assembly  hall,  and  a  constant  temperature  of  69°  or 
70*"  maintained,  nothing  more  could  be  desired,  and  tlie  room 
was  considered  as  being  thoroughly,  effectively,  and  scientifi- 
cally ventilated. 

It  soon  became  evident,  however,  that'  this  so-called  plenum 
system  of  ventilation  was  not  altogether  satisfactory.  The  air 
conditions,  where  rooms  were  ventilated  in  this  manner, 
gave  rise  to  severe  criticism  from  teachers  in  schools,  physicians 
ill  hospitals  and  similar  institutions,  even  though  the  best  of 
engineering  skill  in  design  and  the  constant  operation  of  equip- 
ment was  practised.  For  example  :  The  teacher  in  a  school 
would  complain  (and  still  does)  of  poor  ventilation.  The  man 
ill  charge  of  the  heating  plant  would  com©  up  and  look  at  the 
thermostat,  see  that  the  required  temperature  was  being  main- 
tained and  that  the  proper  amount  of  air  was  being  intro- 
duced, and  straightway  conclude  that  the  teacher  liad  no  cause 
for  complaint. 

In  many  hospitals  mechanical  equipments  have  been 
thrown  out  and  window  ventilation  substituted.  This  unsatis- 
factory condition  was  largely  responsible  for  the  appearance 
of  the  natural-ventilation  faddist  or  open-window  crank,  who 
would  rather  have  his  fresh  air  through  au  open  window  than 
from  any  patented  or  mechanical  device.  We  often  see  state- 
meiits  made  by  otherwise  well-informed  individuals  that  so- 
called  natural  ventilation,  by  means  of  open  windows,  is  much 
to  be  preferred  to  mechanical.  To  those  who  have  made  a 
study  of  this  question  these  statements  appear  ridiculous.  It 
is  perfectly  proper  to  laud  natural  ventilation  by  means  of 
open  windows,  where  this  method  is  applicable,  and  it  is  also 
proper  to  condemn  certain  methods  or  individual  mechanical 
installations,  but  to  condemn  nieclianical  ventilation  per  st 
IS  ail  indication  that  the  person  so  speaking  is  not  well  ac- 
quainted with  the  broad  requirements  of  air  conditioning. 

The  natural  outdoor  temperature  must  be  increased  in  cold 
weather  by  means  of  artificial  heat,  and  it  is  in  this  way  that 
tlie  human  race  has  made  regions  comfortable  which  were  pre- 
viously uninhabitable.  The  question  of  an  air  supply  has  not 
been  given  tlie  same  study  by  sanitarians,  and  catchy  phrases 
like  '(  open  the  windows,"  &c.，  meet  a  ready  acceptance  even 
though  it  is  impractical  or  even  impossible  to  obtain  a  clean 
and  pure  air  supply  in  this  manner.  I  do  not  wish  to  be 
understood  as  condemning  the  free  use  of  open  windows  where 
the  desired  results  can  be  obtained  from  their  use,  but  I  do 
object  to  the  preaching  of  natural  ventilation  where  it  is  en- 
tirely impractical  It  is  an  artificial  condition  where  several 
hundred  or  thousand  people  congregate  in  a  room  where'  a 
temperature  of  possibly  50。  above  the  outside  is  maintained, 
and  it  is  foolish  to  speak  of  natural  ventilation  in  a  case  of 
this  kind.    The  only  method  of  supplying  air  of  the  quality 
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ami  qiianlity  necessary  f()r  Itoall  h  f.f  t  ho  ocni pant h  inust  ho 
l)y  a  niociianical  sys1(mi. 

tlio  oilier  hand,  '\l  is  evident-  tlial  the  criticism  of  biiild- 
iiigs  ！ iiecliaiiically  ventilated  in  many  instances  are  juhI,  and 
tlie  deniand  For  the  use  of  windows,  especially  in  school  build- 
ings, has  a  sound  basis.  Tlie  explanation  appears  to  he  that 
many  of  the  important  factors  in  the  ventilation  problem  have 
been  ignored  or  misunderstood  and  satisfactory  results,  there- 
fore, not  obtained.  This  condition  has  given  rise  in  recent 
years  to  considerable  investigation  in  various  quarters,  and 
while  it  is  possible  that  we  have  not  arrived  at  an  ultimate 
solution  of  the  problem,  still  enough  work  lias  been  done  and 
^•iiffidenl:,  data  collected  from  which  to  formulate  veiiiiJation 
requirements  which,  if  enforced,  will  give  satisfactory  air  con- 
ditions in  our  schoolrooms  and  assembly  lialls  regardless  of 
weather  conditions  outside. 

T  will  not  take  the  time  to  review  all  the  work  done  by 
physiologists  in  recent  years  in  an  attempt  to  solve  this  prob- 
lem, but  will  direct  your  attention  to  a  few  of  the  important 
results  of  their  researches.  The  work  of  Leonard  Hill  and  liis 
associates  brought  out  ：  (1)  The  relatively  innocuous  nature  of 
carbon  dioxide  in  respired  air.  (2)  The  necessity  for  percep- 
tible air  movements  in  mechanically  ventilated  spaces.  (3) 
That  a  high  relative  humidity,  especially  in  connection  with  a 
high  temperature,  is  responsible  for  much  of  the  depressing 
effects  in  poorly  ventilated  rooms.  (4)  The  Chicago  Commis- 
sion on  Ventilation  in  the  experimental  room  of  the  Chicago 


Fig.  \.    Comfort  Zone  Chart,  Showing  Relation  Between  Temperature  and 
Relative  Humidity. 

Normal  College,  lias  conducted  experiments  which  bring  out 
the  relation  between  the  temperature  and  humidity  in  its 
bearings  on  comfort.  The  Comfort  Zone  Chart  was  plotted 
from  152  experiments  with  varying  degrees  of  temperature 
and  humidity  iu  this  room.  (See  Fig.  1.)  (5)  Considerable 
data  has  been  collected  by  the  Division  of  Ventilation  of  the 
Chicago  Health  Department,  showing  a  rather  constant  rela- 
tion between  dust  and  bacteria  in  the  air  of  theatres,  schools, 
and  assembly  halls  where  rooms  are  ventilated  by  the  use  of 
windows  or  with  a.  mechanical  equipment  without  an  air 
washer.  Probably  the  most  valuable  work  of  the  Ventilation 
Division  has  been  in  devising  instruments  and  standardising 
tests  and  test  methods  in  ventilation  work.  The  importance 
of  the  CO,  analysis  as  an  indication  of  the  air  supply  and 
distribution  lias  been  carefully  worked  out  and  is  now  quite 
universally  followed.  (See  Fig.  2.)  (6)  Work  of  the  New 
York  Commission  on  Ventilation,  which  tends  to  show  tliat 
the  appetite  of  persons  confined  in  rooms  mechanically  ven- 
tilated decreases  with  the  air  supply.  The  findings  of  this 
commission  also  bear  out  the  assertion  made  recently  by  Prof. 
Winslow  that  old  standard?  as  to  air  supply  have  not  been 
changed  by  recent  investigations,  although  different  reasons 
are  now  given  for  the  standards  used.  (7)  Observations  from 
various  sources,  bringing  into  】）romineiice  the  importance  of 
odours  as  a  factor  in  ventilation  work.  This  research  work  in 
various  quarters  is  still  in  progress.  It  lias  already  given  us 
a  much  better  basis  on  which  to  formulate  requirements.  It 
also  affords  an  explanation  of  many  of  the  poor  results  noted 
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from  the  operation  of  mechanical  equipments  in  the  past. 
From  the  information  outlined  let  us  now  formulate  require- 
ments for  good  ventilation  practice. 

.1  (hqnate  A  ir  '、'〃/〃 力 /• —- This  will  of  necessity  vary  for 
different  biiiidings  and  types  of  occupancy  between  20  c.f.m. 
per  person  as  a  niiniriiuni  and  30  c.f.m.  as  a  maximum.  It  is 
extremely  doubtful  if,  under  ordinary  conditions,  proper  ven- 
tilation standards  can  be  maintained  with  less  than  this 
amount.  It  is  also  a  question  whether  the  expense  incurred 
in  providing  more  than  the  maxinuini  specified  is  warranted. 
These  standards  are  to  apply  where  the  air  is  obtained  either 
by  a  natural  or  nieclianical  system.  Where  air  is  re-circu】ated， 
washed,  and  otherwise  conditioned,  it  is  possible  that  the  mini- 
mum of  20  cub.  ft.  per  person  can  be  soniewliat  reduced.  How- 
ever, as  tlie  expense  incurred  in  additional  equipment  is  con- 
siderable, and  as  it  is  still  an  open  question  whether  any 
reduction,  as  stated,  is  compatible  with  the  health  of  occupants 
of  such  rooms,  this  is  a  question  that  must  be  thoroughly 
studied  and  definite  data  accumulated  before  more  can  be  said 
on  the  subject. 

('o)ii  fortfih/c  Tt  ；/ i  pernfffre. 一一 Thiswill  depend  again  upon  the 
nature  of  occupancy,  it  being  from  60*^  to  65')  where  the  occu- 
pants are  actively  eiiiployed,  68。  to  70*"  when  they  are  in 
repose.  The  humidity  maintained  also  lias  a  direct  bearing 
on  the  temperature  necessary  for  comfort. 

J'roj/er  II  if  mid  if !/. —— As  intimated  before,  there  is  a  per- 
centage of  humidity  which  is  most  comfortable  for  a  given 
temperature.  This  humidity  may  be  determined  within  the 
short  range  oi  indoor  temperatures  from  the  formula  R  =  316 
_  4T，  in  which  T  is  the  temperature  of  the  room  and  R  the 
corresponding  relative  humidity.  (See  Fig.  1.) 
*  PerceptihJf  A  ir  M ovemenf . —— It  has  been  shown  by  various 
investigators  that  the  removal  of  the  aerial  envelope  from  the 
body  is  necessary  if  normal  heat  distribution  is  to  be  main- 
tained and  in  dividual  comfort  preserved.  This  is  especially 
true  when  the  percentage  of  humidity  is  high.  The  removal 
of  this  envelope  is  best  accomplished  by  currents  of  air  in  the 
room  which  are  just  perceptible  to  the  occupants.  This  air 
movement  when  the  temperature  is  68°  and  the  relative  humi- 
dity 40  per  cent,  should  be  about  2ft.  per  second. 

F reed f nil  from  DraiKjhtii. —— The  mechanical  ventilation  of  a 
room  or  even  the  ventilation  by  natural  methods  must  be 
accomplished  without  the  production  of  uncomfortable 
draughts.  Air  movement  exceeding  2ft.  per  second  is  uncom- 
fortable to  some  individuals,  especially  if  the  draught  strikes 
tlie  occupants  from  behind,  if  its  t&mperature  is  lower  than 
68°.  It  is  evident  that  draughts  for  a  short  period  of  time 
may  be  pleasant  to  one  individual  and  objectionable  to  ano- 
ther, but  continuous  draughts  over  a  period  exceeding  a  few 
minutes  can  not  ba  maintained  wit  hout  serious  consequences. 

Frt-edoiii  from  IJusf  and  other  Irn  pun  ties. —— One  of  the 
essential  requirements  in  ventilation  work,  and  one  whicli  1ms 
not  been  given  tlie  attention  it  should  in  the  past,  is  the  purity 
of  the  air  supply.  Air  purity  in  the  j>ast  has  meant,  especially 
to  the  layman,  freedom  from  the  products  of  respiratory  con- 
tamination. Impurities  from  this  source  probably  are  less 
important  than  most  people  think.  On  the  other  hand,  dust 
contamination  almost  of  any  kind  or  source  is  a  much  more 
serious  difficulty  than  is  usually  supposed.  The  conception 
IS  altogether  too  prevalent  that  all  outdoor  air  is  fresh  and 
pure.  This  is  far  from  true.  The  seriousness  of  the  dust 
nuisance  in  cities  has  only  recently  been  appreciated.  The 
dust  content  of  air  samples  even  in  clear  weather,  taken  in 
Chicago,  compared  wit li  those  from  rural  districts  or  over  Lake 
Michigan,  revealed  flie  iiwi  that  there  is  no  time  except, 
directly  after  a  heavy  rain  when  tlie  air  is  anything  like 
what  nature  intended  in  purity.  Daily  counts  were  made  of 
dust  particles  in  the  air  I'ror/i  samples  t fikeii  on  the  roof  of  the 
City  Hall  for  60  consecutive  clays  (Jiiri"g  the  autumn  of  1914. 
While  the  counts  witliin  12  hours  after  a  heavy  rain  were 
fairly  low,  averaging  from  15,000  to  20,000  particles  per  c.c,， 
the  average  condi*  ion  at  other  times  was  very  unsatisfactory 
even  at  ihis  heii^lil  above  the  street.  The  counts  increased  in 
numbers  iro'w  1 5,i)00  after  a  rain  to  over  1 ,000,000  particles 
per  c.c.  dui'iii^ 山 y  woal  Ihu*. 

The  Mlnifim ffi  .、'/〃"/〃/■  nf  /i(H  f(ri(t. — Under  ordinary  con- 
ditions a  hicrh  (lusi  count  Tneaiis  a  liic^li  bacterial  count,  and 


while  the  greater  portion  of  these  bacteria  are  of  the  so-called 
no】 卜 pathogenic  variety  it  is  becoming  more  and  more  evident 
that  the  inhalation  of  the  non-pathogenic  bacteria  is  not  com- 
patible with  the  best  air  conditions  from  the  standpoint  of 
health. 

Freedom  from  Odotirii. ― The  importance  of  this  factor  can 
best  be  brought  out  by  several  illustrations.  One  instance  that 
came  to  my  attention  was  where  a  teacher  in  a  school  com- 
plained bitterly  of  the  foul  air  in  a  certain  classroom.  Upon 
investigation  the  following  conditions  were  found  ：  The  air 
supply  per  pupil  was  32  c.f.m.,  dust  count  15，  colonies  on  a 
S-iniiiute  plate  averaged  7,  CO^  7  parts.  In  spite  of  the  appa- 
rently satisfactory  conditions  shown  from  tlie  foregoing  tests, 
tliere  was  an  unmistakably  bad  primary  sense  impression.  A 
careful  examination  was  made  of  the  region  about  the  intake 
and  tlie  ducts  in  this  room,  without  being  able  to  locate  any- 
thing that  would  throw  light  on  the  question.  The  information 
was  finally  gained  from  one  of  the  pupils  that  a  girl  sitting 
in  the  seat  opposite  had  lost  her  pet  canary  by  death.  She 
had  laid  out  the  remains  in  a  thread  box  and  kept  tlie  same 
in  her  desk  until  it  was  discovered.  The  odour  was  so  slight 
til  at  it  was  almost  impossible  to  recognise  it  as  an  olfactory 
impression,  nevertheless  it  was  sufficient  to  cause  a  definitely 
bad  air  impression  in  the  room.  Many  instances  of  a  similar 
nature  might  be  recounted. 

You  will  see  from  the  foregoing  that  the  problem  of  ven- 
tilating an  enclosed  occupied  space  contains  many  variable 
factors.    Simply  supplying  a  certain  anioimt  of  air  and  main- 


Fig.  2.    COa  Chart,  Showing  C.  F.  H.  to  Mainiain  Any  COa  Content. 

taiiiing  a  certain  temperature  is  not  sufficient.  We  must  have 
iii  mind  all  of  the  various  factors  previously  discussed  when 
testing  an  equipment  and  most  of  them  when  designing  the 
sa  me. 

I  will  now  call  your  at tention  briefly  to  some  of  the  impor- 
tant features  in  correct  design,  and  then  describe  the  methods 
used  ill  testing  tlie  completed  installation.  There  are  at  least 
10  features  in  mechanical  design  that  should  be  considered 
by  the  engineer  wlien  laying  out  liis  work.  They  are :  (1) 
Proper  location  of  the  fresh-air  intake  ;  (2)  temperature  con- 
trol; (3)  elimination  of  dust  and  other  impurities  ；  (4)  humi- 
dification  and  de-huniidification  ；  (5)  air  distribution  ；  (6) 
accessibility  of  all  parts  of  the  equipment  for  cleaning  ；  (7) 
pressure  requirements  ；  (8)  accurate  duct  design  ；  (9)  relation 
of  design  to  iiistallation  ;  (10)  relation  of  design  to  economical 
operation. 

The  rropn-  Loaff  lon  of  In  fake. 一— Tt  has  been  repeatedly 
demonstrated  that  where  an  intake  is  located  in  a  sidewalk, 
bulkliead,  window,  or  other  low  point  close  to  traffic,  or  even 
a!  points  as  high  as  10 ft.  above  grade,  coutaininatiou  of  the 
air  supply  with  dust  and  dirt  is  very  large  even  though  an 
；? 'r  washer  is  used,  for  it  is  a  well-known  fact  that  the  effi- 
ciency of  air  washers  in  dust  removal  varies  from  the  niaxi- 
画 m  of  & 5  or  96  per  cent,  under  favourable  conditions  to  as 
low  as  10  or  15  per  cent,  under  unfavourable  conditions. 

Tevvperaiuiv  Control. ― Heat  control,  preferably  by  ther- 
mostatic means,  is  almost  imperative  in  auditoriums  or  class- 
rooms.   This  is  not  because  the  temperature  in  the  room  must 
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of  urressit V  be  inaintaiiuMl  at  a  fixotl  point,  but  to  preveiil 
sul)jertiiii:  tlio  (uviipanls  to  cold  driiu"'l"s  of  air.  A  Iloor 
intioduotion  plant  may  be  perfectly  satisfactory  、vlu'n  I  he 
air  is  being  brout^ht  in  at  68"",  but  would  be  extremely  un- 
favourable supplying  the  same  amount  of  air  if  the  tempera- 
ture falls  to  (54。  or  65'.  Tins  illustrates  the  necessity  of 
iuviirate  temperature  control  where  tiie  occupaiiis  of  a  room 
iiuist  of  necessity  be  close  to  the  supply  registers. 

Klimimtfion  of  Dttsf  ami  of /fir  I  m  pttrif  irs. —— The  fact  that 
dust  is  sonielhing  more  than  a  mere  inconvenience,  as  was 
formerly  supposed  ；  the  fact  also  that  it  gives  rise  to  objec- 
tionable odou i>  or  deleterious  substances  when  decomposed  by 
tlie  heaters,  makes  it  plain  that  air  washers  or  other  means  of 
dust  removal  must  come  into  universal  use  in  city  work. 

/I Htnii/ip'ra/ioft  and  Dc-h  tfiftidlficftfitjn, ―  We  have  spoken  of 
the  desirability  of  a  proper  amount  of  moisture  in  the  air 
only  from  the  standpoint  of  comfort.  While  this  is  important, 
it  is  more  important  from  the  standpoint  of  health  that  we 
realise  fully  the  bad  effects  of  the  low  humidities  maintained 
in  cold  weather,  and  also  of  the  depressing  effects  in  high  humi- 
dities in  moderate  weather.  It  is  perfectly  apparent  that  every 
school  building  should  be  supplied  with  an  efficient  air  washer 
and  humidifier  and  devices  for  automatic  liumiclity  control  in 
cold  weather. 

DiiitrihitiiiiU. ― Much  has  been  said  in  recent  vears  regard- 
ing the  distribution  of  air,  but  little  has  actually  been  done. 
Much  discussion  has  prevailed  regarding  the  comparative  value 
of  upward  as  against  downward  ventilation.  I  feel  strongly 
that  t here  is  no  room  for  an  argument  of  this  kind  ；  in  fact, 
there  is  no  room  for  arguments  regarding  methods  of  air  dis- 
tribution at  all.  Every  problem  should  receive  individual 
attention  regarding  tiie  means  ami  methods  employed,  taking 
into  consideration  exposed  walls  ami  windows,  the  temperature 
of  the  entering  air,  the  configuration  of  the  room  or  building 
and  the  various  other  factors  that  bear  directly  on  the 
problem. 

Chdiilhttsf^  of  A  ir  Ducts  (tad  Kqni pment . —— This  phase  of 
ventilation  work  is  one  that  has  never  been  given  even  passing 
notice,  so  far  as  I  am  aware.  We  find  that  in  practically  every 
ventilating  job  installed  no  consideratiou  lias  been  given  to 
tlie  cleaning  ot"  the  ducts,  and  in  some  instances  to  coils,  fans, 
&c.，  after  the  original  installation.  I  can  point  to  several 
schools  in  Chicago  where  an  accumulation  of  carbon,  grease, 
and  other  impurities  in  the  fresh- air  ducts  is  so  extensive  that 
they  look  and  smell  like  the  inside  of  an  old  cliinmev.  In  one 
installation,  where  complaints  from  the  teachers  were  per- 
sistent, this  was  the  only  difficulty,  and  a  thorough  cleaning 
with  ail  alkaline  solution  and  a  hose  remedied  the  objection- 
able odours  which  were  not  even  recognised  as  such  but  which 
were  the  sole  cause  of  the  poor  results  obtained.  There  should 
be  no  part  of  the  fresh-air  supply  of  a  mechanical  equipment 
that  is  not  accessible  for  thorough  cleaning  at  least  once  a 
year. 

Pres.snrt  Bt  quiK  nu  itfs, —一 Considerable  discussion  and  some 
ill-feeling  has  resulted  from  the  rule  which  is  more  or  less 
universally  followed  in  school  buildings  tliroughout  the  coun- 
try. I  refer  to  tlie  requirement  that  windows  be  kept  closed 
in  school  buildings  du ring  occupancy,  on  the  assumption  that 
opening  them  unbalances  the  ventilating  equipment.  While 
this  is  true  in  many  cases,  it  is  a  situation  that  should  not 
obtain  and  one  for  whicli  there  is  no  excuse.  Without  enter- 
ing into  a  discussion  at  this  time  of  the  merits  or  demerits 
of  opening  windows  in  classrooms,  it  must  be  conceded 
there  is  serious  objection  to  a  rule  forbidding  tlie  practice. 
The  psycliic  effect  is  bad  if  one  is  forbidden  to  open  a  window 
and  conversely  there  is  a  certain  value  from  the  same  stand- 
point if  further  use  of  windows  is  allowed  when  weather  coii- 
rlitions  permit.  There  is  no  excuse  for  the  design  or  installa- 
tion of  a  mechanical  equipment  in  a  school  building  that  does 
not  allow  of  the  full  use  of  windows.  It  is  only  necessary  to 
rari'y  a  low  velocity  and  a  high  static  pressure  in  the  mains, 
throttling  either  at  the  throat  of  the  branches  or  at  tlie  outlet 
registers,  so  that  the  difference  in  pressure  beween  the  main 
and  the  room  is  considerable,  to  nullify  the  effect  of  opening 
any  of  the  windows  in  a  building.  This  is  a  matter  that 
should  be  brought  to  the  attention  of  designing  engineers 
ill  school  work. 


.1'''〃,〃,  l)in  f  l)i  s/f//i.  — Anoilier  practice  wliirli  is  preva- 
lent, but  wliicli  siiould  1)0  discontinued,  is  t iie  ha])lirLzar(l 
method  of  designing  ducts  to  carry  certain  air  volumes,  ine- 
spcc't ive  of  1  lie  static  resist aiice  in  the  same.  It  is  niiicli  easier 
lo  guess  at  the  size  of  the  ducts  recjuired  and  to  cont rol  the 
air  volume  by  means  of  splits  and  dampers  than  to  design 
eacli  braiu-li  with  tiie  view  of  making  the  static  resistance  con- 
trol its  air  supply  :  however,  the  air  split  method  is  exlreincly 
unsatisfactory.  Proper  adjustment  is  extremely  dillicult,  and 
when  one  damper  gets  out  of  adjuslinent  the  whole  system  is 
disan  anged.  If  the  equipment  is  properly  designed  without 
air  splits  or  dampers,  it  cannot  become  disarranged  or  out  of 
adjustment,  and  mucli  better  results  will  follow. 

( 'arc  f/'l  J n.^talhtfion, — It  is  not  a  difficult  matter  for  the 
engineer  to  properly  design  the  entire  equipment,  even  to  the 
minutest  detail,  but  it  is  too  often  the  case  that  the  superin- 
tendence of  installations  is  left  to  some  person  who  does  not 
realise  tlie  difference  made  iu  an  improper  turn  or  a  poorly 
const r acted  d act.  This  is  one  of  the  principal  reasons  wiiy 
air  splits  and  dampers  are  so  often  resorted  lo.  It  is  apparent, 
however,  that  if  healing  and  ventilating  engineers  would  meet 
and  overcome  the  objections  and  complaints  arising  from  im- 
proper operation  of  mechanical  equipments  they  must  see  to 
it  that  the  iustallation  is  made  in  accordance  with  the  design. 

hJci/noniu-dl  0 pc ra t to n .—This  is  important  in  all  cases, 
especially  so  in  small  plants  where  tlie  necessity  for  iiieclianica! 
veiitildtion  is  not  fully  appreciated. 

A  phase  of  ventilation  work  that  has  been  neglected  to  a 
certain  extent  in  the  past  is  the  testing  of  the  completed  equip- 
ment to  see  that  the  desired  euds  have  been  obtained.  It  also 
has  to  do  with  the  testing  of  air  conditions  where  the  supply 
comes  from  the  open  window  or  any  other  source.  This  side 
of  the  ventilation  problem  is  of  extreme*  importance.  I  will 
divide  methods  of  testing  into  five  subheads,  as  follows : —— 

(〃) Ao'  Velociiie^. —— ( 1 )  Anemometer,  (2)  Pitot  tube  and 
gauge. 

{h)  A  i r  Movtfnent . ― (1 )  Amnioiiium- chloride  test,  (2) 
phenol-plithaleii  test,  (3)  balloon  test - 

((') A  n  」 /'<///, 、T.y. ― (1)  Taking  samples,  (2)  analysing 
samples. 

{(J)  Bacteria. ― (1)  Culture  methods. 

{e)  Dust. ― (1)  Aitkeu  portable  dust  counter. 

By  means  of  these  test  methods  we  determine  to  wliat 
extent  the  requirements  for  proper  air  conditions  previously 
discussed  are  accomplished  in  installations  being  tested. 

A  ittmonithr. —— The  anemometer  consists  of  a  small  wheel 
carrying  eight  vaiies.  The  wheel  is  connected  bv  suitable 
gearing  to  indicating  hands  on  the  dial  and  the  instrunieut  is 
so  calibrated  that  the  revolutions  of  the  vanes  indicate  the 
velocity  of  air  passing  through  the  instrunieut  in  feet  per  unit 
of  time.  The  wide  divergence  in  the  readings  obtained  by  two 
persons  with  the  same  aueiiiometer,  under  the  same  conditions, 
siiould  not  be  attributed  to  inaccuracy  of  the  instrument, 
but  rather  to  ignorance  or  carelessness  in  its  use.  The  first 
requisite  is  that  the  instrunieut  be  in  good  repair  and  properly 
calibrated.  The  secoiid  is  that  the  readings  be  accurately 
limed.  The  tliird  is  that  the  proper  method  of  taking  readings 
be  employed. 

Ill  taking  readings  at  the  register  face  the  method  of  slowly 
moving  the  anemometer  across  the  register  or  up  and  down,  as 
the  case  m ay  be,  is  only  mentioned  to  be  condemned.  The 
reading  will  be  inaccurate  except  at  those  registers  where  the 
velocity  is  uniform  throughout  the  entire  area.  In  taking 
readings  where  the  velocity  varies  over  different  areas  of  the 
register  face,  it  can  readily  be  seer'  that  in  moving  the  instru- 
iiient  slowly  across  the  face  of  the  register  the  momentum 
acquired  by  the  revolving  vane  over  the  areas  of  high  velocity 
will  cause  it  to  continue  to  revolve  at  a  much  higher  rate  than 
it  should  while  passing  over  the  areas  of  low  velocity,  coiise- 
quenlly  a  Jiiuch  higher  average  velocity  reading  will  be 
obtained  than  the  conditions  warrant.  The  proper  method  is 
to  divide  the  face  of  the  register  into  equal  areas  of  approxi- 
mately Gill.,  and  take  one-half  or  one-minute  readings  at  the 
centre  of  each  square.  The  average  of  the  total  ininiber  of 
readings  times  the  area  of  the  opening  will  give  the  cubic  feet 
of  air  delivered. 

riff/f  T nhf  " mJ  G(tinf( . —— The  velocity  of  air  flowing  through 
a  given  duct  depends  ou  the  difference  in  pressure  maintained 
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between  the  entrance  and  outlet.  It  is  necessary  to  consider 
this  j)ressure  as  made  up  of  t'wo  components  :  (1)  that  which  is 
required  to  compensate  or  overcome  the  loss  due  to  compres- 
sion and  friction  a  1  resistance  (static  pressure)  ；  (2)  that  which 
is  necessary  to  move  the  volume  of  air  at  the  given  velocity 
(velocity  pressure).  The  sum  of  the  two  is  the  total  or 
dynamic  pressure.  The  air  velocity  is  detennined  from  the 
formula  v  =  '^2gh, which  transferred  into  terms  of  air  becomes 

V  =  1096  5  where  v  is  the  velocity  in  feet  per  minute,  P  is 

the  velocity  pressure  in  inches  of  water,  and  W  is  the  weight  of 
one  cubit'  foot  of  air  at  the  given  temperature.  As  there  is  no 
way  of  determining  the  velocity  pressure  directly,  the  total  and 
static  pressures  must  be  determined  and  the  latter  subtracted 
from  the  former  to  obtain  the  velocity  pressure.  For  making 
these  determinations  the  Pi  tot  tube  is  the  most  satisfactory 
instiniment  from  the  staudpoint  of  accuracy  and  convenience. 

A  m m on iu tn -eh I oride  Test. — When  strong  ammonium 
hydroxide  and  hydrochloric  acid  are  volatilised  and  the  two 
gases  brought  into  contact  a  chemical  reaction  results  with  the 
production  of  ammonium  chloride.  This  anunoniiim  chloride 
occurs  in  a  very  finely  subdivided  state,  is  distinctly  visible  as 
a  white  cloud,  and  does  not'  readily  settle  out  of  the  air.  This 
is  a  valuable  method  for  studying  the  direction  and  velocity  of 
the  air  currents  in  a  room.  The  apparatus  consists  of  two 
25  c.c.  bottles  carried  in  a  small  leather  case,  one  containing 
the  acid  and  the  other  the  ainmoniiiiii  hydroxide.  By  means 
of  a  small  rubber  force  pump  air  is  bubbled  through  the  two 
bottles  aud  the  volatilised  products  brought  together  at  the 
nozzles  of  the  tubes  projecting  from  each.  In  this  way  the 
cloud  of  ammonium  chloride  is  produced  conveniently  in  any 
location  and  its  action  observed  -  For  determining  the  velocity 
of  the  air  movements  in  a  room  a  puff  of  the  smoke  is  produced 
a ncl  its  direction  noted.  The  second  observer  then  stations 
himself  10ft.  away,  in  the  line  of  the  air  motion,  from  the  one 
holding  the  apparatus.  A  puff  of  the  smoke  is  now  liberated 
and  by  means  of  a  stop  watch  the  second  observer  notes  the 
time  the  cloud  reaches  his  station. 

l*hc lujJ-phihd] eii  Tt-st. —— This  test  depends  upon  the  reac- 
tion which  occurs  in  a  weak  alcoholic  solution  of  phenol 
phthalen  when  acted  upon  by  a  strong  alkaline  reagent. 

Ball oon  Test. — Small  toy  balloons  are  inflated  with  hydro- 
gen gas  and  counter-poised  with  small  improvised  weights. 
These  weights  are  just  sufficient  to  keep  the  balloons  in  the  air 
at  the  temperature  of  the  room .  They  are  liberated  at  various 
points  and  give  a  very  interesting  visual  demonstration  of  air 
currents . 

Air  Sampler, — The  apparatus  for  taking  air  samples,  to 
det-ermine  the  carbon  dioxide  content,  consists  of  clean  rubber 
stoppered  bottles  holding  about  120  c.c.  each,  a  Paqueliu 
cautery  bulb  and  24in.  of  tubing.  The  apparatus  is  held  at 
arm  s  length  from  tlie  body,  great  care  being  exercised  that  the 
expired  air  from  the  observer's  mouth  does  not  contaminate 
the  sample.  The  cork  is  removed  and  the  tube  inserted  to  the 
iiottorn  of  the  bottle.  The  tube  is  closed  by  pressing  it 
l)etweeii  the  thumb  and  the  neck  of  the  bottle  and  the  bulb  is 
compressed  until  the  reservoir  is  distended.  The  thumb  pres- 
sure is  then  released  and  tlie  air  in  the  reservoir  allowed  to 
rush  into  the  bottles,  displacing  the  residual  air.  This  opera- 
tion is  repeated  three  times  in  order  to  be  sure  that  all  of  the 
air  originally  in  the  bottle  and  apparatus  has  been  replaced  by 
the  air  to  be  sampled. 

. I  naly-ses  of  S(i ni jjlea. —— Analyses  are  made  for  carbon 
dioxide  with  a  modified  Peterson -Palmquist  apparatus.  Re- 
garding* the  analysis  for  carbon  dioxide  in  ventilation  work,  I 
would  like  to  call  your  attention  to  the  following  :  The  pre- 
valent opinion  in  the  past,  especially  among  tlie  laity,  has  been 
that,  carbon  dioxide,  being  the  product  of  respiration,  is  neces- 
sarily injurious  ；  in  fact,  it  has  been  considered  hy  some  as  the 
most  injurious  sulxstaiice  in  vitiated  air.  This  theory  was  dis- 
rarded  60  years  ago  and  PetteiikofTer  called  the  attention  of 
tlie  medical  profession  to  the  I'act  that  its  use  was  only  valu- 
able as  an  indication  of  other  ros])iralory  impurities.  We  use 
it  at  ilie  present  time  only  as  an  indication  of  the  amount  of 
fresh  air  supply  and  for  no  other  purpose.  Knowing  tlx© 
average  amount  of  carbon  dioxid?  exhaled  by  the  audience, 
and  knowing  also,  or  determining  by  test  the  amount  in  the 
outside  air,  it  is  a  simple  mathematical  calculation  to  deter- 
mine Iroin  the  average  CO^  analysis  in  a  room  the  fresh  air 
being  sui)plied.    This  is  valuable  to  check  on,  supply  and  dis- 


tribution, where  a  mechanical  equipment  is  being  tested,  and  it 
is  extremely  valuable  in  determining  the  amount  of  air  supply 
in  an  auditorium,  room,  or  other  occupied  space  where  the  air 
supply  is  obtained  solely  through  natural  means.  The  formula 
and  chart  used  for  this  purpose  is  shown  in  Fig.  2. 

yjar te/ifz—C ul f  u it  Method. — Cultures  for  the  determina- 
tion of  bacteria  are  made  by  exposing  Agar  plates  for  a  period 
of  three  minutes.  These  culture  plates  are  then  placed  in  an 
incubator  for  48  hours  at  room  temperature  and  the  colonies 
that  develop  are  counted. 

—— The  determination  of  dust  in  the  air  is  a  matter 
that  is  being  given  more  attention  than  ever  before.  We  have 
experimented  with  various  methods,  and  while  uone  of  them  is 
entirely  satisfactory,  the  Aitken  portable  dust  machine  has 
given  us  the  best  and  most  consistent  results  up  to  the  present 
time.  The  machine  consists  of  a  chamber  lined  with  hygro- 
scopic material  ；  a  filter  for  obtaining  clean  air  ；  a  measuring 
device  and  a  rule  objective  for  counting  the  dust  particles 
obtained.  The  principle  on  which  this  apparatus  works  is  as 
follows  :  The  air  from  the  room  is  drawn  through  the  filter 
into  the  chamber  until  the  latter  is  filled  with  air  free  from 
dust.  A  slight  vacuum  is  now  produced  in  the  chamber  by 
means  of  the  pump  and  then  a  measured  quantity  of  the  dusty 
air  to  be  sampled  introduced.  This  is  mixed  in  the  chamber 
thoroughly  and  a  further  reduction  in  the  pressure  caused. 
This  lowers  the  dew  point  and  causes  each  dust  particle  to  act 
as  a  luicleus  for  the  condensation  of  moisture  which  falls  in  a 
fine  shower  of  rain  on  the  observation  plate  at  the  base  of  the 
chamber,  when  it  may  be  counted  by  means  of  the  magnifying 
eye  piece.  A  modification  of  this  method,  suggested  by  Mr. 
Hoskins,  has  been  adopted  with  exceedingly  gratifying  results. 
It  consists  of  0.  smoked  disc  of  glass  or  cover  slip,  as  it  is  called, 
being  introduced  into  the  chamber  and  the  dust  particles  pre- 
cipitated on  the  inside  on  the  observation  plate  just  referred 
to.  These  cover  slips  may  then  be  removed  and  counted  at 
leisure.    In  this  way  a  permanent  record  of  tests  may  be  kept. 


IMPURITIES  IN  SPELTER. 

In  a  paper  recently  presented  before  the  National  Hardware 
Association  at  Pittsburg,  Mr.  W.  A.  Cook  discussed  the  effect 
of  impurities  on  zinc,  and  especially  the  effect  of  cadmium  on 
brass,  as  follows  : —— 

Spelter,  with  few  exceptions,  contains  lead  and  iron,  these 
being  the  chief  impurities.  Cadmium  is  frequently  present  in 
small  amounts.  In  still  smaller  quantities,  usually  little  more 
than  traces,  arsenic,  antimony,  sulphur,  and  copper  are  also 
found.  Tin  may  also  occur  in  rem  el  ted  spelter.  In  some 
special  brands  of  high-grade  spelter  the  lead  does  not  exceed 
0*02  per  cent,  and  iron  O'Ol  to  0*02  per  cent.  In  good 
ordinary  brands  from  0'4  to  I'O  per  cent,  of  lead  and  0  03  to 
0'05  per  cent,  of  iron  are  usually  found. 

Effi^ct  of  I m purities  on  Spelter. ― Tlie  effects  of  impurities 
oil  the  metal  are  as  follows  : —— 

111  bpelter  121  tended  for  rolling  a  small  percentage  of  lead  is 
desirable,  and  up  to  1  per  cent,  it  has  no  injurious  effects  on 
the  malleability  or  ductility  of  tlie  metal.  When  the  spelter 
has  to  be  used  for  making  brass  which  has  to  undergo  severe 
mechanical  treatment,  as,  for  example,  the  manufacture  of 
cartridge  cases,  it  should  contain  as  little  as  possible,  not  ex- 
ceeding 0*1  per  cent. 

The  effects  of  iron  are  to  increase  the  hardness  and  brittle- 
ness  of  zinc  and  reduce  its  malleability,  but  when  the  refining 
by  liquation  has  been  properly  conducted  there  is  insufficient 
present  to  affect  these  properties.  When  iron  is  present  in 
excessive  amounts  the  bright  cleavage  planes  of  the  fresh 
fracture  of  a  cake  will  show  grey  specks  scattered  over  them. 
For  spelter  intended  for  the  manufacture  of  brass,  0'05  per 
cent,  of  iron  is  often  specified  as  the  limit,  but  it  is  best  lower 
for  brass  of  high  ductility  and  malleability.  Zinc  may  be  com- 
pletely freed  from  iron  by  I'e- distillation,  the  use  of  iron  tools 
and  appliance's  being  avoided. 

Cadrnixuit  is  a  material  closely  allied  to  zinc  with  the  ores 
of  which  it  frequently  occurs.  It  is  tin  white  in  colour,  malle- 
able and  ductile,  and  brilliant  in  lustre  when  fresh,  but 
becomes  dull  on  exposure  to  the  air.  Its  malleability  and 
ductility  are  such  that  it  can  be  beaten  out  into  thin  foil  and 
drawn  into  wire.  Cadmium  is  rarely  present  in  zinc  in 
injurious  proportions.  It  is  especially  liable  to  occur,  however, 
as  Prof.  Iiigalls  claims,  in  re-distilled  zinc.  In  two  plates  of  a 
sample  half  ton  of  so-called  pure  re-distilled  spelter  5.08  per 
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oeitt.  of  cadmium  was  ttniiul,  Iml  this  is  very  exceptional. 
IVIuutz  niotal  luado  with  this  spelter  broke  with  a  crystalline 
t  ract  m  e  closoly  rosoinhliiio;  I  hal  produced  by  antimony.  H  ow- 
ever, no  sensible  edVct  ou  the  properties  of  zinc  is  produced, 
even  wlion  I  per  cent  ,  is  present,  and  nearly  always  tlie  per- 
centage does  not  reach  that  iunounl .  It  is  said  to  discolour 
'- zinc  white  -'  made  from  zinciferous  materials  containing  it. 

Tin  tends  to  make  zinc  very  hard  and  brittle  in  rolling,  and 
although  it  is  not  of  coiiiinon  occurriMice,  except  in  le-incltcd 
spelter,  as  Piof.  liigalls  states,  yet  it  should  always  be  looked 
for. 

Arsenic,  antimony,  copper,  sulphur,  and  carbon  are  scarcely 
ever  present  in  sufficient  quantities  in  spelter  to  affect  its  pro- 
ptjrties  either  tor  rolling  or  the  manufacture  of  alloys. 
Arsenic,  however,  should  be  absent  iu  zinc  intended  for  the 
pieripitation  of  gold  in  the  cyanide  process. 

Effect  of  (\n/miiu/i  in  Zinc  or  Br(n — I  would  like  to  call 
your  attention  to  a  paper  that  was  prepared  and  handed  to  me 
by  one  oi  the  best  -known  metallurgists  in  the  United  States,  in 
connection  with  the  question  of  cadmium  in  brass  mixtures. 
He  has  made  extensive  tests  on  this  subject  and  it  is  fair  to 
assume  that  his  conclusions  are  right .  While  this  question 
has  not  been  made  the  subject  of  very  exhaustive  researches  by 
manufacturers  of  copper  alloys  and  very  little  appears  iu 
scientific  publications  relating  to  it,  at  the  same  time  it  has 
been  the  cause  of  considerable  discussion  among  metal  users. 
The  results  of  what  might,  at  the  present  time,  be  called  incom- 
plete investigations,  indicate  that  cadmium  when  pi'eseiit  in 
spelter  in  amounts  as  high  as  1  per  cent,  and  over  would  be 
detrimental  to  the  manufacture  of  high-class  brasses  such  as 
are  used  for  cartridge  metal  or  deep  drawn  stock. 

Ill  quantities  less  than  one-half  of  1  per  cent.,  however, 
personal  experience  has  proved  that  cadmium  need  not  be  con- 
sidered as  having  injurious  effects  on  brass  mixtures.  As  a 
matter  of  fact  the  differeucei  in  volatilisation  points  of 
cadmium  and  zinc  plays  a  most  important  part  in  the  reaction 
which  takes  place  wlien  the  metals  are  heated.  Zinc  melts  at 
415。  C.  and  boils  at  940°  C.，  so'  its  volatilisation  point  may  be 
taken  at  somewhere  near  its  boiling  point  .  Cadmium  melts  at 
320。  C.  and  boils  at  778'6°  C.  Therefore,  it  will  be  seen  that 
there  i&  sufficient  difference  between  the  two  so-called 
volatilisation  points  so  as  to  enable  a  separation  to  be  made  of 
the  two  metals  by  heat,  and  as  a  matter  of  fact,  this  is  what  is 
done  ill  the  production  of  cadmium  itself. 

This  difference  also  in  temperature,  of  course,  leads  to  the 
logical  conclusion  that  cadmium  will  oxidise  at  a  lower  tempe- 
rature than  zinc,  and  this  is  a  fact.  So  it  might  be  said,  with 
entire  accuracy  that,  in  using  a  spelter  containing  an  amoiuit 
of  cadmium  up  to  one-half  of  1  per  cent.,  the  cadmium  will  act 
as  a  deoxidiber  on  the  copper  and  form  CclO  or  cadmium  oxide 
and  come  to  the  top  of  the  pot  of  metal  before  the  zinc  per- 
forms the  same  office,  and  it  is  the  writer's  personal  expevienoe, 
upon  the  analysis  of  such  metal  made  with  zinc  carrying 
cadmium,  no  cadmium  was  found  in  the  brass  so  made. 

Of  course,  cadmium  that  might  remain  in  the  brass  and 
exist  as  a  cadmium-copper  alloy  or  cadmium-zinc-copper  alloy 
would  cause  the  resulting  brass  to  be  brittle  and  would  not 
admit  of  the  malleable  properties  that  are  required  iu  com- 
mercial brass.  Now  in  the  case  of  brass,  we  first  melt  copper 
at  a  temperature  of  a])proxiinately  1，100。  C.  and  then  into 
this  we  introduce  the  zinc  which  jnelts  at  415""  C,  and  conse- 
quently there  is  every  chance  for  the  cadmiuni  to  volatilise  and 
oxidise  and  therefore  our  cadniiuin,  as  said  before,  is  removed 
in  this  way. 

As  a  summary  then  of  wliat  is  said  above,  it  is  the  writer's 
experience  that  cadniium  in  zinc  in  amounts  anywhere  up  to 
one-half  of  1  per  cent,  is  not  at  all  prejudicial  for  the  use  of 
such  zinc  in  the  manufacture  of  brass.  C'aduiium  is  used  iu 
electroplating  in  connection  with  silver,  properly  proportioned, 
making  a  whiter,  harder,  and  more  durable  finish  than  pure 
silver.  To  show  its  impervious  nature  two  steel  tubes  were 
prepared,  one  nickel  plated,  and  one  cadniium  plated,  and  they 
were  exposed  to  conditions  of  rapid  rusting.  In  due  time  the 
samples  were  taken  out  and  the  steel  nickel  plated  tubes  were 
completely  covered  with  I'ust,  and  the  tubes  prepared  and 
plated  will]  cadniium  were  perfectly  good  and  showed  the  im- 
pervious nature  of  the  cadniium .  Cadmium  with  a  small  per- 
centage of  silver  has  been  employed  for  a  number  of  years  in 
England  foi-  coating  steel  parts  with  success. 


GOOD  AND  BAD  LUBRICANTS.* 

i{  V  (:.  BASIL  ItA  KIlAMj  A.M.I.K.K. 

WiiATKx  i':K  an  tH'oiiuHiisl  riiighi  advise  or  do,  nu  ciigiiicor 
would  select  a  lubricant  on  account  of  its  lasting  qualities 
alone.  To  him  they  would  he  quite'  a  secondary  cojisidera- 
tion  ；  he  would  require  to  be  assured  that  it  would  keep  cool 
the  moving  parts  on  which  it  was  to  be  used  Ijefore  he  would 
go  into  the  question  of  whether  it  would  or  would  uot  last 
longer  than  some  other  lubricant  he  was  using  or  had  under 
consideration.  The  first  essential  of  a  lubricant,  from  an 
engineering  point  of  view,  is  that  it  should  possess,  a  low  and 
constant  coefficient  of 上' I'idiou.  If  the'  friction  is  small  the 
heat  generated  will  be  small.  Providing  the  lubricant  used 
will  float  the  parts  and  allow  a  film  to  be  maintained,  it  only 
remains  that  the  cliaracteristics  which  tend  to  set  up  friction 
by  resisting  the  relative  movement  of  the  parts,  should  be  as 
few  and  as  inappreciable  as  possible. 

It  is  not  easy,  however,  with  all  lubricants  to  maintain 
this  film  ；  with  some  it  is  not  an  easy  matter  to  ensure  an 
adequate  supply  passing  to  the  point  where  it  is  required . 
Some  lubricants  will  squeeze  away  and  leave  parts  starved  ； 
others,  of  the  composite  variety  may  give  up  one  or  more  of 
their  constituents  and  leave  the  "  filling  "  to  clog  and  bind, 
and  ultimately  cut  the  surface  of  the'  parts.  Further,  if  it 
were  only  a  matter  of  a  low  coefficient  of  friction,  practically 
any  clean  oil,  whether  animal,  vegetable,  or  mineral,  would 
answer  the  purpose,  provided  it  was  fresh  and  in  good  condi- 
tion. But  any  attempt  to  lubricate  machinery  for  any  length 
of  time  with  either  animal  or  vegetable'  oils  would  have 
disastrous  results,  as  all  organic  oils  undergo  chemical 
changes,  and  either  turn  rancid,  or  thicken  and  gum.  The 
only  oil  that  can  be  used  for  lubricating  purposes  with  any 
good  and  sustained  result  is'  a  mineral  oil,  and  unless  this  has 
been  chosen,  and  treated  specially  by  processes  dependent 
upon  expert  knowledge  not  only  of  oils,  but  also  of  the  pur- 
poses for  which  each  is  intended,  the  results  are  not  likely  to 
be  satisfactory.  It  is  emphatically  not  a.  case  of  "  any  old  oil 
will  do,"  where  high-speed  electrical  and  other  machinery  is 
in  question  ；  it  is  a  question  of  comparative  expense  and 
expediency.  Engines  and  generators  cost  more  than  lubri- 
cants, and  it  must  be  pointed  out  that  oil,  no  matter  how 
excellently  it  be  blended,  has  its  limitations,  and  there  is  a 
question  as  to  whether,  in  view  of  modern  developments,  it  is 
not  bad  engineering  to  use  oil  at  all  for  lubricating  purposes. 

It  is  a  fact  that  while  types  of  prime  movers  have  been 
standardised,  and  dimensions  and  proportions  resulting  from 
wide  experience  have  been  adopted  for  prime-  movers,  one 
feature  of  design,  i.e.,  engine  lubrication,  has  not  kept  pace 
with  other  developments.  It  is  uot  too  much  to  say  that 
quite  SO  per  cent,  of  engine  troubles  are  due  t,o  defective  or 
improper  lubi-icatioii.  The  other  20  per  cent,  can  be  about 
equally  divided  between  careless  or  ignorant  operation  and 
inadequate  proportions  of  working  parts.  Chemical  grease 
extractors  have  been  introdixced,  some  of  which  have  been 
more  or  less  successful,  but  as'  a  general  thing  the  difficulty 
has  been  so  great  that  many  power  users  have  adopted  the  use 
of  solid  lubricants,  and  hold  the  opiuicm,  to  which  iiiany  are 
being  converted,  that  in  some  form  these  will  be  the  lubri- 
cants of  the  future.  It  is  claimed  that  they  increase  the 
efficiency  of  oiling  and  minimise  waste,  and  there  is  no  doubt 
that,  if  of  high  grade,  soaj>soliclified  oils  and  greases  can  be 
successfully  used  on  a  number  of  parts  which  have  to  stand 
heavy  duty.  At  the  same  time  objections  can  be  advanced 
against  both  these  lubricants  themselves  and  the  methods  in 
which  they  are  generally  used. 

In  the  majority  of  cases  solid  or  semi-solid  lubricants  are 
made  by  working  up'  animal  fats  or  vegetable  butters  with 
soap  and  water,  or  by  thickening  mineral  oils  of  thin  body 
but  extreme  viscosity  with  soap.  The  soaps  used  are  of  the 
ordinary  lime,  soda,  or  lead  types,  and  it  must  be  pointed  out 
that  '1  is  not  an  easy  matter  to  prevent  an  excess  of  caustic 
soda  ])eing  present.  During  use  this  is  being  converted 
into  carbonate  of  soda,  and  there  is  a  danger  of  the  bearings 
being  cut  iu  ('oiisequeiice.  Such  greases  frequent Iv  contain 
free  fatty  acids  which  attack  the  metal  ]>arty  on  which  they 
are  used .  Further,  wlieu  thickened  iiuneral  oils  are  used, 
there  is  a  liability  for  the  oil  content  to  be  squeezed  away, 
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leaving  the  soap  body  behind  it  in  the  bearing,  where  it  not 
only  hardens  but  foniis  a  nucleus  to  which  any  abraded  metal 
particles  and  dirt  adhere.  In  this  way  a  gummy  mass  is 
lonned  which  soon  coats  the  moving  parts,  increasing  friction 
and  leading  to  ultimate  cutting.  Where  such  lubricants  are 
used  in  boxes  it  is  common  practice  to  fit  these  with  brass  pins 
which  rest  in  the  part  in  motion.  Should  friction  increase 
beyond  the  normal,  and  heating  be  t^et  up,  the  theory  is  that 
these  pins  become  heated  also  and  cause  the  grease  round 
them  to  flow  to  the  journal.  Should  a  bearing  lubricated  in 
this  way  run  verv  hot  tli rough  neglect,  and  escape  notice,  in 
a  very  short  time  the  whole  of  the  grease  will  have  run 
through,  and  thus  allow  the  brass  pins  to  work  down  between 
the  shaft  and  the  brass  or  the  cap  of  the  bearing  and  so  grind 
up,  cutting  both  shaft  and  bearing. 

The  same  objections  cannot,  however,  be  urged  against 
high-grade  non-fluid  oils.  They  have  all  the  advantages  of 
soap  lubricants  but  none  of  their  disadvantages,  and  in 
addition  Ihey  possess  the  property  of  adhering  to  metal  sur- 
faces with  a  force  which  is  considerably  above  that  possible 
with  fluid  oils.  They  are  all  of  high  viscosity  and  can  only 
be  fed  drop  by  drop.  In  that  they  prove  economical,  as  with 
ordinary  oil  a  greaser  can  and  frequently  does  squirt  oil  with 
a  lavish  liberaiity  not  only  on  the  part  needing  it,  but  also 
oil  any  parts  adjacent.  It  is  not  to  be  supposed  that  this 
slow  feeding  is  a  disadvantage  even  where  a  bearing  has  run 
hot,  as,  owing  to  its  clinging  properties,  it  films  iirmie(liate】y 
on  reaching  the  moving  part  and  so  forms  an  ideal  lubricant. 
Xon-Huid  oils,  also,  will  not  giun,  and  they  can  be  used 
without  risk  of  clogging  in  central  distribution  systems  pro- 
vided the  oil  tubes  are  of  sufficiently  large  internal  diameter 
to  permit  of  tlie  oil  flowing. 

In  practice  it  has  been  found  that  one  pound  of  non-fluid 
oil  of  high  quality  is  equal  in  lubricating  effect  to  one  gallon 
of  high-grade  fluid  oil,  and  according  to  the  average  prices 
ruling  the  saving  effected  in  direct  cost  by  using  such  lubri- 
cants would  be  about  65  per  cent,  or  more,  according  to  the 
quality  used.  The  extremely  low  average  coefficient  ot  fric- 
tion possessed  by  high-grade  non-fluid  oils  has  been  proved  by 
nuTiibers  of  indej^endent  tests,  and  such  oils  are  being  largely 
used  with  high-speed  machinery,  being  mechanically  fed  to 
the  various  parts.  But  where  the-  adoption  of  non-fluid  oils 
is  contemplated,  it  must  always  be  remembered  that  a  lubri- 
cant which  would  suit  a  certain  class  of  machinery  might  be 
of  little  use  for  another.  As  has  been  said,  the  art  of 
economically  employing  a  lubricant  consists  mainly  in  the 
ajjplicatioji  of  precisely  that  quality  which  is  best  adapted  to 
that  particular  place  on  each  machine  or  each  part  of  a 
machine  on  which  pressure  of  lubricated  surfaces  of  widely 
differing  amount  is  found,  and,  above  all,  applying  it  in  the 
best  possible  way. 

Of  recent  years  the  claims  of  graphite  to  be  considered 
the  ideal  lubricant  have  been  supported  by  a  large  and 
increasing  number  of  engineers.  It  is  coniinon  knowledge 
that  when  used  for  such  purpose  graphite  should  be  of  such 
quality  and  fineness  as  to  give  a  perfectly  smooth  and  even 
veneer  or  coating  to  the  parts.  The  danger  is  that  an  impure 
or  carelessly  |)rej>ared  grade  might  be  used,  which  would  carry 
into  the  hearings  or  cylinders  such  impurities  as  are  naturally 
associated  with  graphit-e,  as  sand,  clay,  mica,  or  talc.  The 
essentials  of  good  lubricating  graphite  are  that  it  should  be 
amorphous  and  of  ext renie  softness.  It  should  have  neither 
lustre  nor  brilliancy,  and  a  heaped  quantity  of  it  should  not 
reflect  light,  nor  show  l)riglit  particles  when  examined  with  a 
powerful  lamp.  The  colour  is  not  so  important ;  dense  black- 
ness does  not  necessarily  show  pmity  any  more  than  a  feeling 
of  smoothness  when  rub])ing  a  sample  between  the  thumb  and 
finger  proves  fineness.  For  example,  it  may  be  mentioned 
that  liy  a  special  electrical  process  graphite  can  be  made  of 
sucli  a  degree  of  subdivision  that  the  particles  cannot  be  seen 
under  an  ordinary  microscope.  Ordinn ry  graphite  contains 
particles  of  about  "(，in.  diam.,  but  electrical ly-pre])ared 
graphite  has  no  particles  estimated  to  l>e  larger  than 
:r:tr>V(-,r""n.  (hani.  It  is,  of  course,  this  frndy  divided  graphite 
which  is  most  generally  used  for  lubricating  purposes,  and 
from  the  results  of  which  the  value  of  graphite  as  a  lubricant 
will  be  judged. 

Oil  exaininat ion  under  a  high-powered  microscope  any 
metal,  uo  matter  liow  carefully  ground,  polished,  or  buniisluHl, 
will  be  found  to  show  many  small  irregularities,  which  are  the 


real  cause  of  friction.  It  is  the  scraping  of  tliese,  one  over 
another,  and  the  coiislaiit  cutting  or  wearing,  which  is  so  pro- 
ductive of  hob  boxes,  cut  valves  and  cylinders.  The  thin, 
tough  particles  of  graphite  attach  themselves  to,  and  build  up 
these  irregularities,  filling  up  the  hollows  and  forming  a  thiil 
but  practically  indestructible  veneer-like  coating  of  extreme 
smoothness.  iJnder  na  circumstances  short  of  the  introduc- 
tion of  some  foreign  body  which  would  cause  scoring  before  the 
graphite  began  ite  equalising  work  could  the  metal  surfaces 
come  into  actual  contact  with  eacli  other.  The  film  being  inde- 
structible, no  sudden  haniiuer  effect,  such  as  takes  place  when 
the  load  is  suddenly  switched  off  a  large  generator  and  the 
armature  shaft  drops  from  its  floating  position,  can  do  damage 
which  might  be  done  were  oil  used  as  a  lubricant.  Oil  can 
easily  be-  hammered  out,  but  there  is  no  known  means  whereby 
grapliite  can  be  knocked  out  of  position  in  a  bearing.  It  is 
noteworthy  that  flake  graphite  may  be  introduced  to  cylinders, 
may  pass  into  feed  water,  may  even  be  purposely  placed  in  the 
boilers  withou,t  it  doing  the  slightest  injury.  For  ordinary 
purposes  graphite  may  be  mixed  with  non-fluid  oils,  or  even 
with  soap-base  greases  with  advantage,  but  obviously  for  valve 
and  cylinder  lubrication  of  condenser  engines  graphite  of  the 
purest  possible  quality  should  he  used  by  itself  or  else  the  old 
trouble  of  separating  the  oil  from  the  feed  water  would  recur. 

Graphite  may  be  applied  in  the  following  manner  ：  When- 
ever valves  or  cylinders  are  overhauled,  graphite  mixed  with 
vaseline  may  be  applied  to  the  surfaces,  as  this  will  ensure  a 
general  distribution.  Graphite  can  be  introduced  on  starting 
up,  through  an  oil  cup  or  indicator  pipe.  It  can  be  put  in  iii 
a  dry  state,  but  a  better  plan  is  to  float  it  in  water  and  apply 
it  in  exactly  the  same  way  as  lubricating  oil  is  applied.  If  at 
any  time  there  should  be  slight  squeaking,  or  a  bearing  should 
start  to  warm  up,  a  little  graphite  and  water  will  effect  an 
instant  cure. 


BULGING  OF  FRONT  FLUE  SHEETS  OF  LOCOMOTIVE 
BOILERS. 

A  COMMITTEE  of  the  Master  Boiler  Makers'  Association,  re- 
porting at  its  recent  annual  convention,  gave  an  account  of 
a  test  conducted  for  the  purpose  of  determining  the  cause 
and  nature  of  the  bulging  of  froii-t  flue  sheets  in  locomotive 
boilers.  By  using  hand  rollers  in  setting  2 in.  flues  in  a 
^in.  sheet,  each  hole  was  stretched  007  of  an  inch.  With 
the  self-feeding  roller  and  hand  pin  the  holes  stretched  "029  of 
an  inch.  With  the  self-feeding  roller  and  air  motor  the  holes 
stretched  021  of  an  inch.  On  the  basis  of  a  flue  head  having 
400  holes  in  it,  the  hand  rolls  would  stretch  the  holes  400 
times  007,  which  equals  2'8in.  The  second  operation,  that  is, 
self-feeding  rolls  and  hand  pin,  would  stretch  the  holes  "029 
of  an  inch,  or  400  times,  which  equals  ll'Gin.  The  third 
operation  of  self-feeding  rolls  and  air  motor  would  stretch 
400  holes  a  total  of  8'4in.  The  amount  of  excess  material 
is  distributed  over  the  space  worked  upon  in  each  case.  As 
the  bridges  between  the  flues  do  not  upset  proportionately 
to  the  increase  in  tlie,  sizes  of  the  holes  to  do  the  stretching 
of  the  material  at  certain  points,  each  individual  hole  must 
take  care  of  a  portion  of  the  material  round  it,  thus  making 
the  bulging  of  the  sheet  a  local  condition.  From  the  above, 
the  committee  regarded  it  as  plain  that  the  amount  of  work 
and  the  tools  used,  as  well  as  the  experience  of  the  man  put- 
ting in  the  flue,  governs  the  bulging  of  the  sheet. 


The  Value  of  a  Name. ― To  the  average  buyer  tlie  value  of 
a  name  is  not  always,  or  at  first  sight,  a])parent.  The  naming 
of  a  general  engineering  product,  such  as  a  taper  pin,  might 
even  be  considered  as  soineihiiig  of  a  superfluity,  and  yet  when 
Messrs.  Frederick  Mouiitforcl,  Ltd.,  decided  to  specialise  in 
that  direction,  and  to  call  the  result  of  their  efforts  the 
Fremo  "  taper  pin,  they  undoubtedly  placed  their  product 
on  a  higher  plane.  By  giving  their  taper  pin  a  name,  and 
turning  out  taper  pins  as  nearly  perfect  as  human  skill  and 
the  finest  facilities  can  ensure,  they  threw  down  a  challenge 
to  every  maker  of  taper  pins,  the  result  being  that  the  demand 
for  "  Fremo  "  taper  pins  is  already  greater,  and  growing  at 
a  greater  pace  than  could  have  been  the  case  with  any  un- 
named taper  pin.  Tiie  name  not  only  enables  the  user  to 
identify  tlie  product  which  gives  entire  and  consistent  satis- 
faction, but  also  su])))lies  a  guarantee  of  eflicieiu-y  wliicli,  if  not 
lived  up  lo,  can  only  end  in  the  wrecking  of  a  re})ulatiou. 
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DISTRIBUTION  OF  THE  RAW  MATERIALS  IN  THE 
BLASTFURNACE.* 

BY  CKOKCK   \V.  VUKKl-ANI). 

TiiK  proper  d isl  ril>ul ion  of  the  raw  materials  in  tlie  blast  t'uj- 
Uiue  has  been  the  subject  of  more  thought  and  study  than 
any  other  factor  of  Furnace  operation.  This  is  indicated  by 
the  large  amount  of  literature  on  the  subject  and  the  number 
of  ！ neliiods  j^alented,  all  striving  for  what  is  looked  upon  as 
perfect  distribution.  That  the  time  and  iliought  given  to 
this  suhj(H'l  have  been  productive  of  good  results  is  absolutely 
bevoiul  question,  but  the  necessity  of  a  still  itiore  efficient  dis- 
tribution contimies  to  occupy  tlie  minds  of  blastfurnace  mana- 
gers and  engineers,  and,  no  doubt,  will  continue  to  do  so  until 
the  perfect  or  ideal  condition  is  attained,  or  that  point  is 
leached  beyond  which  it  will  be  impracticable  to  go. 

The  deterioration  and  bad  practice  of  furnaces  can  be 
justly  attributed  to  faulty  distribution  more  than  to  any  other 
single  cause.  We  have  numerous  instances  where  faulty  dis- 
tribution has  injured  the  physical  condition  of  the  furnace  to 
such  an  extent  that  it  has  been  necessary  to  blow  out  the 
funiace  after  a  very  short  and  troublesome  campaign.  Many 
patents  have  been  taken  out  ；  innumerable  designs  have  been 
made  :  many  working  models  have  been  constructed  and  dis- 
tribution with  miniature  charges  observed  which  promised 
good  results,  but  many  a  hope  has  been  shattered  when  a  sup- 
posedly perfect  top  failed  under  actual  operating  conditions. 
The  longer  ard  more  efficient  life  of  the  present-day  furnace 
furnishes  proof  of  the  fact  that  the  efforts  to  secure  a  better 
distribution  have  been  rewarded.  On  our  large  furnaces,  with 
their  big  tonnages,  the  errors  of  faulty  distribution  are  more 
evident  than  on  the  smaller  furnaces,  due  to  the  more  rapid 
rate  of  driving  ；  but  that  these  errors  exist  on  the  small  hand- 
filled  furnaces,  even  with  the  most  approved  methods  of  charg- 
ing, cannot  be  denied.  Up  to  the  present  time,  however,  no 
change  in  the  distributing  equipment  has  produced  such  uni- 
formly good  results  as  to  lead  to  its  general  adoption,  nor  has 
any  one  top  shown  conspicuous  superiority  over  all  others. 

The  variety  of  furnace  tops  now  in  use  (some  stationary, 
and  others  rotating  in  divers  ways),  the  stationary  and  movable 
deflecting  rings,  the  numerous  ways  of  placing  the  raw  mate- 
rial (ore,  coke,  and  stone)  on  the  bells  and  in  the  furnace,  all 
have  their  advocates,  with  data  to  substantiate  their  claims. 
The  equations  of  the  blastfurnace  have  so  many  variables  and 
so  few  constants  that  almost  anyone  can  solve  the  equation 
for  the  particular  variable  for  which  he  is  looking,  and  appa- 
rently prove  it  to  be  correct. 

The  changes  and  iniprovenieuts  tliat  have  been  made  to 
effect  the  better  distribution  of  raw  materials  in  the  furnace 
can  be  more  fully  understood  and  appreciated  by  giving  a 
brief  description  in  their  chronological  order  of  the  various 
methods  used. 

During  the  middle  ages,  when  the  shaft  furnace  first 
appears  as  a  matter  of  record,  the  ore,  fuel,  and  flux  were,  no 
doubt,  simply  dumped  into  the  top  of  the  furnace,  air  was 
blown  into  the  bottom,  and  iron  produced.  Fuel  cost,  and  the 
many  economic  questions  that  the  present-day  manager  has 
constantly  before  him  were  not  considered. 

The  first  method  of  filling  a  furnace  of  which  we  have  any 
record  is  described  in  an  excerpt  from  a  publication  of  the 
year  1686.  It  consists  simply  of  "  the  throwing  in  of  a  basket 
of  ore  and  a  basket  of  charcoal."  In  the  "  History  of  the 
Iron  and  Steel  Industry  of  Great  Britain,"  Abraham  Darby 
is  given  the  credit  of  being  the  first  man  to  operate  a  blast- 
furnace successfully,  using  coke  as  a  fuel,  and  he  states  that 
he  watched  the  filling  of  the  furnace  for  six  days  and  six 
nights,  having  no  regular  sleep  and  taking  his  meals  at  the 
furnace  top.  This  was  about  1735，  and  from  his  close  atten- 
tion to  the  filling  it  might  be  inferred  that  tlie  methods  of 
distribution  fell  into  disrepute  at  an  early  date. 

It  appears  that  during  the  early  years  the  top  or  mouth 
of  the  furnace  was  of  very  small  diameter,  as  we  read  that  the 
Blendare  furnace,  Pontypool,  Wales,  had  an  accident  which 


•  Abstract  of  paper  presented  at  the  New  York  meeting  of  the  American  Iron 
and  Steel  Institute,  May,  1916.  - 


<"HUS(hI  imu"'  poit  ion  of  t  lio  liiiiiig  Dviir  \  he  t  (jp  t  o  vfi 

\v;iv，  tlicrcl^y  iiirreasin^f  t  lie  iliarneter  of  tlie  top  from  .'iff  .  to 
(-)n.  Operation  was  continued,  however,  and  t lie  accidental 
iiu'it'as&  ol'  tlu!  diaiueter  to  i}fl.  resulted  in  much  cooler  top 
"rases  and  better  Furnace  j)ract,i<*e.  This  riiusi  have  been  con- 
sidered a  marked  improvenieiit ,  as  when  tiio  furnace  was  re- 
built llio  (liaiiietor  of  the  mouth  was  iiicreased  to  lOfi.  This  led 
to  a  similar  cliaiige  on  all  luniaces  o[)eratiii^  at  lliai  time.  It 
may  be  inferred  thai  tliis  marked  (lie  beginning  of  cir- 
ciuuferential  charging.  From  copies  of  old  prints  we  find  that 
even  lu'evioiis  to  the  "  cup  and  cone  "  arrangemeiit,  furnaces 
were  equipped  with  a  tunnel  head,  consisting  of  a  stone  or 
brick  structu re  encircling  the  mouth  of  the  furnace.  This,  in 
my  opinion,  was  primarily  intended  to  a (； i  as  a  conductor  of 
the  gases,  but  it  must  also  have  served  as  an  aid  to  the  better 
distribution  of  the  raw  material,  as  we  find  that  this  structure 
was  provided  with  openings  of  sufficient  height  and  width 
through  which  the  raw  materials  were  clumped.  I  understand 
that  a  few  years  ago  several  Furnaces  in  the  Cleveland  district, 
of  the  customary  bell-and-hopper  type,  were  equipped  with 
these  tunnel  heads,  but  of  steel-plate  construction  ；  and  the 
gas  was  taken  through  off-takes  at  the  periphery.  After  the 
introduction  of  the  hot  blast,  quite  a  number  of  devices  were 
tried  to  take  the  gas  off  centrally  ；  and  provisions  were  also 
made  for  the  better  distribution  of  the  materials. 

The  beli-and-hopper  arrangement  was  introduced  into 
Wales  in  1850.  In  his  book,  ''Iron  and  Steel/'  Dr.  Percy 
states  that  when  the  closed  top  was  first  introduced  an  inferior 
grade  of  iron  was  made  in  some  instances  ；  and  he  informs  us 
of  an  experiment  which  was  made  in  which  it  was  found  tliat 
upon  the  installation  of  the  '(cup  and  cone"  on  a  furnace 
that  had  previously  produced  grey  iron,  nothing  but  white 
iron  could  be  produced  even  with  increased  fuel.  This  created 
some  prejudice  against  the  further  use  of  the  closed-top  type 
of  furnace.  Soon  after  the  general  adoption  of  the  closed-top 
furnace,  a  great  number  of  patents  were  granted  on  methods 
for  the  distribution  of  materials.  The  greater  number  of 
these,  however,  were  used  at  a  time  when  the  chemical  and 
physical  properties  of  the  raw  materials  were  entirely  different 
from  those  we  find  to-day.  Several  of  these  methods  had  a 
central  gas  off-take  and  were  intended  to  distribute  the  finer 
portions  of  the  materials  in  the  centre  of  the  furnace  to  pre- 
vent the  direct  pull  of  the  gas,  which  might  have  happened 
had  the  coarser  materials  been  dumped  in  the  centre  of  the 
furnace.  In  order  to  get  satisfactory  penetration  and  to  pro- 
duce the  quality  of  iron  desired  at  that  time,  which,  of  course, 
was  much  different  from  the  quality  desired  to-day,  the  dia- 
meter of  the  hearth  was  very  small.  These  various  methods 
were  all  designed  with  the  view  of  distributing  the  materials 
to  the  best  advantage  under  conditions  as  they  were  at  that 
time.  Foremost  among  them  were  the  Baiimann  bell  and 
hopper,  the  Durham,  the  Baumann-Firestone,  and  tlie  Wither- 
bee  double  bell.  These  various  methods  have  been  so  well 
described  that  I  will  not  go  into  detail  here,  especially  since 
they  are  not  in  use  at  this  time.  The  main  points  of  difference 
were  the  luunber  of  concentric  rings  of  material  formed  in  the 
furnace.  I  understand  that  excellent  results  were  attained 
with  some  of  these  devices,  and  that  some  of  them,  or  modified 
designs,  are  still  in  use  on  the  lumpy  ores  in  Germany.  But 
on  our  fine  ores  of  the  pres&ni  day  they  are  impracticable. 

The  single  bell  and  hopper  with  hand  filling  remained  in 
general  use,  with  no  great  change  in  its  general  design  and  no 
attempt  made  to  charge  the  furnace  by  mechanical  means, 
until  all  other  parts  of  the  furnace  had  been  developed  to  such 
an  extent  that  it  was  physically  impossible  to  keep  the  furnace 
full.  With  the  advent  of  the  fine  ores  and  the  attendant 
dangers  to  top  fillers,  due  to  slipping,  many  efforts  were  made 
to  substitute  some  mechanical  means  of  charging  the  furnace, 
but  these  methods  were  so  crude  that  they  were  temporarily 
abandoned.  In  some  cases  the  skips  were  removed,  the  time- 
honoured  method  of  hand  filling,  which  system  allowed  greater 
flexibility  in  the  arrangement  of  the  materials  on  the  bell, 
prevailing.  There  are  several  mechanically-filled  furnaces, 
however,  which  survived  this  period,  one  of  which  is  now  in 
operation  at  Steubenville,  O.  This  furnace  is  equipped  with 
the  Fayette  Brown  skip  hoist,  built  in  1885，  with  an  orange- 
peel  opening  for  the  receiving  hopper,  which  is  square.  The 
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No. 】  Lucy  furnace,  whose  skip  was  built  in  1884-5,  is  also 
in  operation  at  the  present  time. 

At  this  period  the  value  of  the  gas  wliioli  escaped  while 
lowering  the  bell  was  beginning  to  be  more  fully  appreciated, 
and  a  nu niber  of  devices  were  in  use  to  prevent  this  waste, 
such  as  iron  lids  on  the  bell  rod,  which  were  so  placed  that  the 
furnace  hopper  would  be  covered  when  the  bell  had  reached 
the  lowest  point  of  its  travel.  With  the  advent  of  the  skip 
hoist,  tlie  question  of  the  proper  distribution  of  the  lumps  and 
filler  presented  itself  If  the  skip  hoist  with  its  many  attendant 
advantages  was  to  stay,  some  mechanical  means  must  be 
devj.^i^d  for  doing  what  had  been  easy  of  accoinplisliment  under 
the  band-filling  system.  The  evil  effects  of  improper  distribu- 
tion V. ere  too  many  and  too  serious  to  be  neglected. 

With  poor  distribution,  the  results  on  the  furnace  would 
not  be  quite  so  bad  were  the  chemical  constituents  of  the  fine 
and  coarse  materials  approximately  the  same  ；  but  poor  physical 
distribution  is  always  accompanied  by  poor  chemical  distribu- 
tion. I  will  not  attempt  to  discuss  the  question  of  thorough 
FCTeening  of  coke  end  stone  at  tliis  time,  but  it  is  the  universal 
opinion  of  furnace  operators  that  these  two  materials  should 
he  as  free  from  dust  and  foreign  material  as  is  commercially 
possible  to  make  them.  Tlie  treatment  and  preparation  of 
the  raw  materials  are  receiving  more  attention  at  the  present 
time  than  ever  before,  and  we  should  not  undo  some  of  the 
work  that  is  being  done  along  this  line  through  faulty  and 
improperly  designed  furnace  tops. 

If  the  materials  charged  into  the  blastfurnace  were  uni- 
form ill  size  and  chemical  analysis,  and  if,  particularly,  the 
ore^  were  always  of  the  same  consistency  as  regards  moisture, 
the  problem  of  proper  distribution  would  be  easily  solved. 
It  is  my  opinion  thai  ideal  distribution,  under  present  con- 
ditions, is  actained  wlien  tlie  materials  comprised  in  any  one 
charge  of  the  furnace  burden  are  so  deposited  in  the  furnace 
that  pliysically  and  chemically  any  one  sector  is  the  exact 
counterpart  of  any  other  sector,  and  on  any  horizontal  plane  a 
sector  of  material  shows  the  maximum  fines  at  the  periphery, 
and  a  diminution  of  fines  and  a  corresponding  increase  of 
lumps  towards  the  centre  of  the  furnace. 

Faulty  distribution  may  take  a  form  wherein  an  excess  of 
the  coarser  materials  is  thrown  to  the  walls  and  an  excess  of 
fines  deposited  towards  the  centre,  which  is  usually  repeated 
with  every  bell  dumped.  Under  such  conditions,  the  ascending 
gases  will  follow  the  lines  of  least  resistance,  and  as  the  coarser 
materials  are  more  easily  penetrable,  the  gases,  because  of  their 
tremendous  reducing  power  and  their  high  speed  of  travel,  and 
by  reason  of  the  scouring  action  of  tlie  dust  which  they  carry 
in  ascending  through  the  vertical  ring,  will  cut  the  lining. 
If  this  is  not  promptly  observed  and  corrected,  economical 
operation  is  out  of  tlie  question.  This  lias  been  very  closely 
walcliecl,  especially  in  later  years,  and  often  checked  in  time 
by  the  adjustment  of  one  or  more  of  the  factors  of  distribution, 
resulting  in  better  operation  and  ionger  life  of  the  furnace. 
Such  changes  as  these,  wherein  an  aitempi  is  made  to  correct 
some  of  the  inherent  defects  of  a  faulty  distribution,  is  depen- 
dent upon  the  closeness  of  observation  of  the  operator,  and 
when  the  effects  of  bad  distribution  manifest  themselves, 
changes  can  be  made  which  may  correct  the  evil,  but  usually 
only  after  many  trials  and  disappointments  have  been  expe- 
rienced. In  some  cases,  however,  the  order  of  charging  the 
materials  has  been  changed,  speed  and  angle  of  dump 
of  the  skip  changed,  and  often  where  certain  tuyeres 
showed  the  greatest  activity  and  an  excessive  quantity  of 
coarser  materials,  one  or  more  of  these  very  active  tuyeres 
have  been  plugged,  thus  reducing  the  activity  of  that  portion 
of  the  furnace.  This  latter  course  is  onlv  a  makeshift  measure 
and  is  merely  an  attempt  to  take  care  of  a  faulty  distribution 
by  an  unequal  wind  distribution.  Tt  is  but  choosing  the  less  of 
two  evils.  Under  such  conditions  the  bosh  above  the  plugged 
tuyere  or  tuyeres  will  become  inactive  and  allow  an  accumula- 
tion of  half-reduced  ore,  coke,  and  stone,  which  in  a  short  time 
becomes  too  heavy,  slips  into  tlie  hearth  and  chills  the  iron 
there  in  proportion  to  the  amount  precipitated.  Also,  when 
such  faulty  distribution  exists,  the  coarse  materials  in  the 
charge  reach  the  tuyeres  in  a  high  state  of  reduction  ；  and 
the  finer  materials,  which  offer  more  resistance  to  the  reducing 
gases,  reach  this  zone  in  such  a  condition  that  the  reduction 
must  be  completed  by  solid  carbon,  which  means  a  tremendous 


endotlierniic  action.  Finer  stone,  with  lower  fluxing  efficiency, 
and  finer  coke  with  lower  calorific  value,  invariably  accompany 
tlie  finer  ores.  Thus  at  that  portion  of  the  furnace  where  we 
require  the  greatest  amount  of  carbon  to  carry  on  the  direct 
reduction  and  produce  heat,  we  are  not  supplied  with  the 
agents  for  meeting  the  conditions. 

In  a  case  where  it  has  been  established  that  it  is  impos- 
sible to  get  a  uniform  distribution,  we  must  make  every  effort 
to  get  as  close  to  it  as  the  equipment  and  the  materials  will 
permit  ；  and  the  furnace  will  have  to  be  burdened  in  such  a 
manner  as  to  give  assurance  that  the  sections  of  the  furnace 
giving  trouble  are  supplied  with  the  amount  of  fuel  necessary 
to  furnish  the  heat  and  reducing  power  (and  also  sufficient 
porosity  in  that  section)  to  make  a  reasonable  grade  of  iron. 
This  is  extravagant  and  wasteful  and  is  adopted  only  as  a  last 
resort. 

Faulty  distribution  increases  the  amount  of  flue  dust 
more  than  any  other  cause,  due  to  the  vertical  shearing  action 
bet  ween  the  sides  with  the  liigh  and  low  percentages  of  fines. 
This  in  turn  causes  an  irregular  descent  of  the  charge,  thus 
creating  a  disturbance  which  permits  the  gases  to  pick  up  the 
finer  materials  and  carry  tlieni  into  the  flues.  It  also  increases 
the  top  teni})erature,  which  is  an  indication  of  uneconomical 
operation.  Should  faulty  distribution  deposit  too  much  fine 
material  at  the  walls  of  tlie  furnace,  or  in  a  ring  concentric 
with  the  periphery  of  the  furnace,  evil  equally  as  serious  as 
those  mentioned  above  but  of  a  different  nature  result.  It 
will  be  readily  seen  from  this,  then,  that  only  as  the  distribu- 
tion approaches  the  ideal  can  the  blastfurnace  approach  the 
efficiency  of  which  it  is  capable. 

The  question  as  to  what  are  the  main  factors  that  have 
contributed  to  the  more  economical  and  efficient  practice  of 
the  last  few  years  lias  been  frequently  asked.  As  many  and 
varied  claims  have  been  put  forth,  this  is  a  most  difficult  ques- 
tion to  answer.  In  my  opinion,  among  the  many  other  essen- 
tial improvenjents,  proper  credit  must  be  given  to  the  better 
adjustment  of  the  flexible  factors  of  distribution,  such  as  the 
dumping  angle  of  tlie  skip  relative  to  the  centre  line  of  the 
furnace,  speed  of  dumping,  changes  in  the  receiving  hopper 
and  skip,  changes  in  the  order  of  charging  the  material,  the 
order  of  dumping  both  on  the  small  and  large  bell,  changes 
in  the  size  and  angle  of  the  large  bell,  and  other  factors  with 
which  blastfurnace  operators  are  familiar.  The  better 
mechanical  preparation  of  the  raw  materials,  through  screen- 
ing of  the  coke  and  stone  and  better  mixing  of  the  ores  in  the 
ore  region,  also  contributed.  These  latter  not  only  assist  in 
the  mechanical  feature  of  distribution,  but  in  the  proper 
chemical  distribution  as  well.  I  believe  that  the  tendency  of 
to-day  to  increase  the  diameter  of  the  hearth  and  steepen  the 
angle  of  tlie  bosh,  while  not  eliminating  entirely  the  evils 
of  poor  distribution,  tends  in  a  great  measure  to  counteract 
them.  Beyond  a  doubt,  the  bosh  conditions  have  been 
improved. 

(To  be  co/ffunfff/.) 


NOVEL  DEVICE  FOR  CLEANING  SHAFTING. 

There  has  recently  been  patented  by  Mr.  A.  H.  Townley,  of 
93，  Cromwell  Grove,  Levenshulme,  Manchester,  a  simple  and 
novel  device  for  keeping  shafting  clean.  The  device  consists 
of  a  disc  of  leather  board  or  similar  material,  coated  with 
wax  or  other  grease-proof  preparation,  and  having  a  hole 
in  the  centre  somewhat  larger  than  the  shaft  to  which  it  is 
applied.  In  order  to  enable  it  to  be  fitted  on  the  shaft  the 
disc  is  cut  from  the  centre  to  the  outside,  after  which  it  is 
fastened  by  means  of  a  suitably  designed  clip.  The  action  of 
the  shafting  revolving  keeps  the  disc  upright  and  causes  it 
to  travel  from  pulley  boss  to  pulley  boss  or  pedestal  boss,  and 
reverse  automatically.  By  this  means  the  oil  or  grease  is 
evenly  distributed  and  the  shafting  kept  bright  and  free  from 
rust. 


Financial  Facilities  for  Trade.— The  President  of  the  Board 
of  Trade  has  appointed  a  Committee  to  consider  the  best 
means  of  meeting  the  needs  of  British  firms  after  the  war  as 
regards  financial  facilities  for  trade,  particularly  with  refe- 
rence to  the  financing  of  large  overseas  contracts,  and  to  pre- 
pare a  detailed  scheme  for  that  purpose. 
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THE  MANUFACTURE  AND  USE  OF  HIGH-SPEED  STEEL.  ' 

ItV    1(KM:V    1>.  lIlIiHAHI). 

{( '(Ufrhuh  il  /ro'i/t  jnff/t  (1.) 
rhtoitj  of  〃/〃//-.、•/〃"/  Shrh.  It  has  Ixmmi  touini  I'liai 
the  (leating  and  coolini^  ciirvos  of  iiigh-s])eed  steel  are  radi- 
cally diilereiit  from  each  other,  and  also  that  the  cooling 
curve  when  the  steel  is  cooled  from  930"  C.  (1,706°  Fall.)  is 
greatly  diireient  from  Uiat  wlien  the  steel  is  cooled  from 
1,250。' C.  ('2，'282。  Fali.)-  Wlieii  the  steel  is  cooled  from  930"  C. 
the  curve  has  an  abrupt  jog,  which  shows  a  great  retardation 
in  rate  of  cooling  occurring  between  700°  C,  and  750°  C. 
(1，292°  Fah.  to  1;382。  Fah.).  The  jog  does  not  ocxnir  when 
the  steel  is  cooled  from  1，25()。  C"  320°  higher,  the  line  repre- 
senting variations  in  rate  of  cooling  being  nearly  straight. 
The  rate  of  cooling  to  get  these  curves  is  slow,  or  at  least 
not  accelerated,  and  one  cannot  say  what  the  curves  would 
be  like  if  the  rate  of  cooling  were  hastened,  as  in  quenching, 
but  the  curves  obtained  seem  to  throw  mucli  light  on  the 
question.  The  property  of  red  hardness  seems  to  be  con- 
nected with  the  elimination  of  the  great  retardation  meii- 
ticned. 

The  following  explanation,  based  on  the  work  of  Car- 
penter and  Edwards,  of  the  properties  of  high-speed  steels, 
seems  to  be  helpful.  Their  researches  on  the  heating  and 
cooling  of  these  steels  have  shown  that  such  steels  have  an 
extraordinary  stability  of  composition  after  they  have  been 
heated  to  1,200。  C.  (2,192*"  Fall.)  or  more,  and  that  a  second 
heating  of  550°  C.  (1，022°  Fah.)  has  no  softening  or  drawing 
effect.  It  seems  fairly  evident  that  red  hardness  depends 
on  or  is  the  natural  result  of  these  facts. 

At  a  temperature  higher  than  1,200。  C.  (2,192。  Fah.)  a 
double  carbide  of  chromium  and  tungsten  is  formed,  which 
persists  largely  even  when  the  steel  is  cooled  slowly  as  in  the 
open  air,  and  more  so  when  cooling  is  accelerated.  This 
double  carbide  imparts  to  the  steel  a  high  degree  of  hardness 
and  is  stable  at  all  temperatures  up  to  550°  C.  (1,022。  Fall.) 
or  somewhat  liigher.  At  550。  C.  the  steel  has  a  low  red  colour 
visible  in  the  dark. 

If  the  above  theory  be  true  then  at  a  temperature  of 
1,200°  C.  (2，192。  Fah.)  the  cliroir.ium  and  tungsten  must  have 
a  stronger  aflui ity  for  carbon  than  iron  has,  whereas  at  lower 
temperatures,  say  from  around  930°  C.  down  to  the  critical 
point,  the  afiiiiiiy  of  carbon  for  iron  is  slightly  stronger  than 
that  of  either  chromium  or  tungsten  or  both,  and  the  carbon 
then  exists  wholly  or  in  part  as  carbide  of  iron,  or  a  complex 
carbide  of  iron  with  one  or  both  of  the  other  elements.  Car- 
bide of  iron,  or  hardening  carbon  wliicii  causes  the  hard  con- 
dition of  iron  in  simple  steel  that  lias  been  quenched  from 
a  temperature  higher  than  the  critical  point,  is  uiistable  at 
even  slight  elevations  of  temperature  above  at niosplieric  tem- 
perature, itfe  unstableness  increasing  with  the  degree  of  heat, 
though  not  being  proportional  thereto.  It  has  been  shown 
that  between  400"  C  (752。  Fah.)  and  500。  C.  (952。  Fah.) 
the  amoimt  of  change  and  consequent  softening  is  much 
greater  than  at  other  temperatures,  either  lower  or  higher. 
The  proportion  of  carbon  in  high-speed  steel  should  perhaps 
be  only  as  much  as  will  combine  with  the  chromium  and 
tungsten  at  1,200°  C.  (2,192°  Fah.)  and  leave  none  to  exist 
as  unstable  hardening  carbon  of  hardened  siniplje  steel. 

Tesfiur/  and  (I  si  it  r/  Hif/h-apecd  Sfcel.—K  reliable  and  in- 
expensive in  el  hod  of  quickly  testing  high-speed  steels  to  show 
their  value  is  much  needed.  Machines  and  methods  that 
lessen  the  time  and  trouble  of  testing  have  been  used  and 
recommended,  but  no  test  seems  to  take  the  place  of  a  trial 
at  actual  work,  because  the  ];erforniaiice  of  a  tool  in  one  line 
of  work  with  certain  conditions  may  not  be  foretold  positively 
by  its  performance  in  another  with  different  conditions. 
Among  the  reasons  are  that  (1)  sometimes  greater  durability 
iii  obtained  by  clianging,  that  is,  increasing  or  lessening  the 
speed  of  the  cut,  thus  changing  also  the  temperature  of  the 
tool,  or  (2)  a  given  tool  wlieu  used  at  its  best  speed  may  be 
excellent  for  cutting  a  certain  material,  yet  prove  inferior 
to  another  tool  for  cutting  a  different  material.  Thus  if 
selected  as  the  best  by  trial  for  cutting  a  0'20  per  cent,  carbon 

*  From  a  buUefein  on  "  The  Manufacture  and  Use  of  Alloy  Steels,"  published  by 
the  United  States  Bureau  of  Mines. 


it  HIM  V  1)1'  surpassed  by  olliers  in  (uiliiii^  a  0*70  per  cent . 
carbon  si ot'l.  IMiysi (！ al  tests  of  high-speed  steels  at  differeiiX 
((Miperat.urcs  up  to  800''  C.  (1,472"  Fall.)  are  needed  to  show 
t  lio  0 fleet  of  heat  on  (lie  physical  】）ro|)ei'ties  of  tliose  sieelH. 
New  iis(、s  would  probably  bo  suggested  by  t lie  restdis  of  sucli 
II  series  of  lest s. 

A  high-speed  steel  tool  docs  not-  li iiisli  t  lie  piece  being 
cut  as  nicely  as  does  a  simple  sieel  tool,  as  tlio  high-speed 
steel  does  not  keep  a  fine  edge  wilJi  a  light  cut  and  slow  speed 
of,  say,  20ft.  per  minute.  Tlve  durability  of  such  a  tool  tak- 
ing a  light  cut  is  much  greater  at  a  higher  cutting  speed,  at 
which  the  tool  is  hotter,  showing  that  the  strenglJi  or  the 
toughness  of  the  steel  or  both  are  augmented  by  the  liigher 
temperature.  Unliardened  simple  steels  with  0*6  to  07  per 
cent,  carbon  get  stronger,  but  less  ductile,  with  a  rise  of  tem- 
perature up  to  about  300°  C.  (572。  Fah.).  If,  as  the  tem- 
perature rises,  high-speed  steels  get  stronger  without  loss  of 
ductility,  but  perhaps  with  an  increase,  within  limits  of 
course,  a  physical  reason  for  their  great  durability  is  pro- 
vided. 

In  1910  there  was  announced  tlie  discovery  that  any  high- 
speed steel  tool  and  some  simple  steel  tools  may  have  two 
rather  widely  separated  cutting  speeds  at  which  the  tool  is 
rr:ore  durable  than  at  speeds  above,  below,  or  between.  Thus 
out  of  many  cases  described,  one  tool  cooled  in  an  air  jet  had 
nearly  equal  maximum  durability  at  two  speeds —— 50ft.  and 
90ft.  per  minute —- whereas  at  65ft.  the  durability  was  less 
than  one-half  of  that  at  either  of  the  other  speeds.  This  dis- 
covery no  doubt  accounts  for  some  of  the  anomalies  encoun- 
tered in  tool  steels  as  well  as  other  steels,  the  properties  or 
performances  of  which  are  not  what  would  be  expected  from 
their  composition  and  other  attributes.  Thus  a  tool  may  be 
condemned  wlien  an  increase  of  its  cutting  speed  would  cause 
it  to  give  satisfactory  service  and  durability.  High-speed 
steel  will  do  its  best  cutting  when  hot.  A  desirable  practice 
followed  111  some  shops  is  to  heat  a  tool  to  near  redness  before 
p utliug  it  to  work. 

Ma  chive-tool  ]J  e  n  / //  // W  h  e  ii  Taylor  and  White  first  in- 
troduced high-speed  steels  it  was  thought  that  the  higher 
cutting  speeds  afforded  constituted  the  sole  benefit  to  be  de- 
rived from  tliem,  and  as  the  higher  speeds,  although  consum- 
ing more  power  about  in  proportion  to  the  increase  in  speed, 
did  not  increase  materially  the  stresses  on  the  machine  tools, 
it  was  thought  that  Ihe  latter  merely  needed  to  be  speeded  up 
in  order  to  get  the  full  benefit  from  the  new  steels.  But  it 
was  soon  found  that  the  liigh-speed  steels,  in  addition  to  cut- 
ting at  higher  speeds,  were  capable  of  taking  much  heavier 
cuts,  which  proportionately  increased  the  stresses  on  the  tools. 
To  take  full  advantage  of  the  heavier  as  well  as  the  more 
rapid  cuts,  machine  tools  were  generally  redesigned  to  pro- 
vide the  greater  strength  required,  and  were  supplied  with 
proportionately  more  power.  The  resulting  economies  all 
over  the  world  have  been  enormous. 

The  advantages  fro the  use  of  liigli-speed  steels  as  com- 
pared with  the  use  of  si'iiple  tool  steels  are  in  the  lessened 
costs  of  the  ordinary  ajjerat  ious  of  finishing  iron  and  steel 
because  of  (1 ;  more  rapid  <  - 1 1 1 1  i  1 1 speed:  (2)  heavier  chips 
cut,  hence  larger  cnits  ami  feeds  :  (3)  saving  of  power  per  unit 
of  metal  cut  off  ；  (4)  lower  cost  of  plant  for  a  given  output  ； 
(5)  lower  general  and  overhead  charges  connected  with  manu- 
facturing iron  and  steel  products. 

Patents  oh  Steels. —— Since  the  original  Taylor 

and  White  patents  for  treatment  of  high-speed  steels  were 
issued  in  190],  others  have  been  granted  for  almost  every 
possible  combination  of  elements  which  were  in  any  way 
thought  to  be  useful  or  valuable  constituents  of  tool  steel. 
Chromium  and  tungsten  were  generally  included,  though  not 
always.  Nexertheless  most  makers  now  aim  at  substantially 
the  same  foundation  composition,  with  varying  amounts  of 
vanadium  and  sometimes  with  cobalt. 

Miscrllaiicous  (Jse.s  of  H lyh-spfwd  Sfeds. ― An  important 
use  for  high-speed  steel  is  in  the  exhaust  valves  for  auto- 
mobile engines,  where  it  has  given  excellent  results.  These 
valves  operate  sometimes  at  a  red  heat  and  seemingly  the 
property  of  red  hardness  that  the  steel  possesses  enables  it 
to  give  good  service  in  these  valves.  High-speed  steel  is  being 
used  also  in  tlie  manufacture  of  extruded  brass  to  form  the 
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die  through  which  tlie  extruded  metal  is  forced.  The  tem- 
perature of  the  brass  is  high,  near  its  fusion  point,  and 
seemingly  the  red  hardness  of  the  steel  enables  the  steel  to 
perform  lliis  service  satisfactorily.  A  good  file  or  a  good  cold 
chisel  may  be  made  of  high-speed  steel,  but  tliey  are  not  good 
enough  to  justify  their  cost  as  compared  with  those  made  of 
simple  steels, 

NEW  PATENTS. 

Specifications  of  the  following  are  n o w  published,  and  tve  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  8d.  Address 
Mechanical  Enginrvr,''  53,  New  Bailey  Street,  Manchester, 

MECHANICAL,  1914. 

Carburetters  of  internal  coinimstion  ('ii;j;im、s.  H:nlly. 

Taps  and  cocks.    Chavee.  16118. 

Internal  combustion  engines.     Houteill*^.  1701G. 

1915. 

Water-softening  and  purifying  apparatus.    Patersoii.  4275 

Ships.    Elia.    4296.  ' 

Pneumatic  conveying  plant.    Bennis.  7oOo. 

Puddling  iron.    Fletcher  &  Harrison.  7691. 

Fire  bars  for  the  furnaces  of  .steam  boilers.    Jenkins.  8906. 

Partial  admission  turbines.     Parsons,  Cook,  &  Howe.  9005. 

Recovery  of  zinc.     Highfielcl.  9009. 

Rack  and  pinion  mechanism.    Howarth.  9042. 

Railway  locomotives.    Spencer.  9050. 

Controlled  reversing  valve  gear  for  steam  eiigni-es.  Cor))ridge. 
9055. 

Condensing  steam  turbine  plants.    Banmann.  9145. 

Valves  for  pneumatic  drills.     Sir  W.  G.  Armstrong,  Whitwortli, 

and  Co.,  and  Holt.  9268. 
Hydraulic  pressing-apparatus.    Schneider.  9291. 
Hydraulic  iiitensifiers.    Schneider.  9292. 
Lathes.    Schellenbacli.  9294. 

Rotary  engines,  pumps,  meters,  and  hlowers.    Lilly.    ！)： i— )!). 

Apparatus  for  priming  and  starting  internal-conibnst i(m  ('iigines. 
Eureka  Patent  Gas  Engine  Starter  Company,  AN'illisoii,  and 
Matthew-s.    94(34.  " 

Clamps  for  hoisting  ropes.     Kouglian.  9495. 

Production  of  metal  castings  in  metal  moulds.    Jensen.  9513. 

Moulding  niacliiues.     Bixby.  10964. 

Internal  r()inI>ustion  engines.    Lamplough.  11293. 

Instrument  for  recording  the  deflections  of  bridges  and  girders. 
Rutter.    113.51.  一 

Governors.    Hartnell.  11352. 

Tube  scrapers  for  fuel  economisers.    Loid.  11758. 

Two  stroke- cycle  internal-combustion  engines.    C reset.  11881. 

Apparatus  for  caulking  and  riveting.    Scott.  12661. 

Motor  power  plant.    Selons.  12745. 

Stamping  presses.    Waller.  12827. 

Mechanism    for    converting    rotary    into    leciprocating  motion. 

Ames.  13060. 
Reciprocating  engines.    Peppers  t、'  Marc-hese.  18245. 
Method  of  manitfactui  iny;  (^(*a r  w  heols.    Britisli  Thomson  Houston 

Company.    1: 濱;. 
Power  hammers.    Mittoii.  13288. 

Safety  valves.  Cookhurns.  Ltd..  Cockl>urn  &  MacNicoll.  13()08 
and  13699. 

Two-stroke    iiitei  nal  combustion    engines.      Villiers  Engineering 

Company,  and  Farrer.  13986. 
Rook  drills.    Manss.  14920. 

Two  stroke -cycle  iiittMiial  comhn.stion  engines.  Fornaca.  16000. 
Holding  l)it    for   ( utti" 卩 circnln r   holes   in    s]io<»t   metal.  Sav. 

Couplings  for  railway  vohiclcs.    Unternjiliror.  1()859. 

Method  and  means  for  cnttin*^  irrogiilar  <i:ea rs,    Follows.  1G796. 

System  of  ship  construction.    Morton.  17008. 

Lifjuid  fnol  furnaces.    Yarrow.  17450. 

Liinr-Hshiro  and  Coniisli  boilors.    Greavos  &  Hiown.     18051 . 
Signalling  apparatus  for  iiw)  in  con noctioii  with  winding  engines 
at  collieries.     Bolton.  18108. 

1916. 

Car  couplings.    McConway  &  Torley  Company.  749. 
Gravity  feed  lubricator.    Hedley,  R.^  and  Hedley,  J.  W.  1544. 
Constnif'tion  of  tnhnlons  heaters  or  coolers.    Smith,  L.  E.  1585. 
Construction  of  gas^onerati?!^  apparatus.    Treclegars,  Ltd.,  and 

Morris,  J.  M.  1004. 
Process  for  the  recovery  of  metals  from  tin"in^i，  t^alvanisiiiji;,  and 

like  waste.    RothU'rg,  M,  E.    1863.  〜 


Valve  operating    mechanism    for    internal  combustion  engines. 

Reeves,  A.  W.  2778. 
Vaporisers  for  internal-conibnstiou  engines.      D()l)l)in,    H.,  and 

Haydon.  B.  2805. 
Hall  l)earings.     vSoderliuid,  C，.  (J.,  and  No  id  i  ska  Kullager  Aktie- 

holaget.  2813. 

Vajiahle-speed  gears.    Welffeiis,  E.  J.，  and  Reiiold,  Ltd.,  Hans. 

2904.  ' 
Clutches.    Napier,  D.,  &  Son,  and  Rowledge,  A.  J.  3009. 
Noil  condiK'tiiii^  jackets  for  boilers.     Hntsel.,  11.  3277. 
Metliod  of  making  pipe  h(、n(ls.    Ijocomotive  Siinerheater  Company. 

3355.  -  ' 

Ball  bearings.    Czech,  S.  L.  3464. 
Refuse  destructors.    Sonthall,  J.  8838. 

Internal  grinder  for  i 化 e  in  lathes'  boring,  drilling,  milling,  and 
other  machine  tools.    Kershaw,  H.  4263. 

Tools  lor  boring  gun  tubes  or  barrels.  Worsley  Me  sues  Iron- 
works, Ltd.,  and  Bedford,  \V.  H.    430G.  ' 

Piston  packing.     Re  a  veil  &  Co.,  and  Reavell^  AV.  4464. 

Quick  opening  vices.    Martin,  H.  6470. 

Motor  power  plants.    AVe.stinglioii.se  Machine  Company.  6874. 

ELECTRICAL.  1914. 

Electric  incandescent  lamps.    A  B  C-  Sclii'iltlanipen  Ges.  7591. 

1915. 

Switches  for  use  in  ignition  systems  for  internal  combustion  en- 
gines.   Swyers.  IDoO. 

Means  for  controlling  electric  motors.  Akt.-Ges.  Bi'cnvn,  Boveri, 
et  Cie,    4222. 、 

Apparatus  for  lueasnriiij^  electric-current.  Land  is  &  Gyr  Akt.- 
Ges.    7341.  ' 

Electrical  distributiii<i;  system.     Cole.  7457. 

Wireloss  telegraph  receivers.    jVlarconi's  Wireless  Telegraph  Com- 

pnny,  and  Wright.  892G. 
Secondary  battery  nlates.     Electrical  Power   Storage  Company, 

and  "Schotieki.  '9012. 
Magnetos.    Pedersen.  9054. 

Aiit(tniatic  or  semi-aiitoniatic  toleplione  systems.  Relay  Auto- 
matic Telephone  Company.  9283. 

Telephone  systems.  Automatic  Tcleplioiie  IManufactu ring  Com- 
pany. 9396. 

Vapour  electric  devices.      Britisli    Thomson-Houston  Company. 

9960.  I 
Primary  cells.    Wilkinson.  10137. 

Ignition  apparatus  for    use    with    iiitei'iial-coinbiistion  engines. 

AVilliams.  10585. 
Flexible  electric  conductors.     Dow  iies.  10837. 

Systems  of  control  for  electric  motors,    liritish  Thomson-Honston 

Company.  11768. 
Clamping  devices  for  electrically    coiuliictiiig   wires.  Cnthbert. 

13441.  ' 
Magnetos.    Pedersen     14895,  14896,  and  14898. 
Electric  rotary  converters.    Pieper  &  Pieper.  16933. 
Current  regulators  for  electric  furnaces.    Aktiebolaget  Elektriska 

Ugnar.  17022. 

1916. 

Electric  heat-regulating  switcli.    Kiell,  J.,  and  Stow,  A.  A.  1707. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  Uth. 

Aluminium  ingot    ―   per  cwt. 

,,         wire,  according  to  sizes,  &c  from  ―  ，， 

,,         sheets       ,,  ,,    一  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   l/4f  per  lb. 

，，    tubes  (brazed)    1  /r> J  ，， 

，，        " (solid  drawn)    1/3:?  ，， 

，，       ，， wire    1/4  J  ,， 

Copper,  Standard    £87/-/-  per  ton. 

Iron,  Cleveland    82/6  ，， 

" Scotch   ―  ，, 

Lead,  English   £29/15/- ,， 

，， Foreign  (soft)   £27/15/- ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  "       ，，         medium    3/6  to  6/-  ，， 

，，  ，，       ，，        large    7/6  to  14/- ,， 

Quicksilver   £17/12/6  per  bottle. 

Silver    29 Jd.  per  oz. 

Spelter  (American)   £44/-/-  per  ton. 

Tin,  block    £l(i8/10/-  per  ton. 

Tin  plates,  I.C   34/-  per  box. 

Zinc  sheets   £85  per  ton. 


July  21,  1910] 


THE    MECHANICAL  ENCnNKKR. 


3:! 


=FLEXIBLE  

METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  C2) 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE : 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON.  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 

Write  fot  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists 


The  "perfect"  VISE 


J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

The  Practical  Metallography 
of  Iron  and  Steel. 

By  JOHN   S.  G.  PRIMROSE,  A.R.T.C.,  A.I.M.M..M.I.M. 

LectTurer  on  Metallurgy,  and  demonstrator  on  Metallography  at  the 
Koyal  Technical  College,  Glasgow. 

Price   3s.  3d.  Post  Free. 

Every  Iron  and  Steel  Works  should  be  provided  with  a  metallographic  laboratory 
with  a  suitable  equipment  in  which,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  improved,  and  that  tliis  may  be  eflicient,  every  worker  should 
be  familiar  with  the  principles  on  which  the  researches  are  based.  This  book  has 
been  prepared  for  the  use  of  those  who  are  commencing  the  study  of  metallography. 
The  work  is  a  thoroughly  practical  one,  theoretical  considerations  being  made  as 
brief  as  possible.  The  contents  comprise  exhaustive  chapters  on  Microstructure 
of  Iron  and  Steel  ；  Constitution  of  Iron  and  Steel  ；  Heat  Treatment  of  Iron  and 
Steel;  Micrograpbic  Examination  of  Failures  ；  Metallographic  Apparatus  and  its 
Manipulation. 

THE  SCIENTIFIC  PUBLISHING  COMPANY. 

53,  New  Bailey  Street*  Manchester. 


Telegrams ：  ** Scientific,"  Manchester. 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES- 


Onited  Kingdom :  12/6  per  annum,  post  free. 

Canada :  14^' 6  per  annum,  post  free. 

Anywhere  Abroad : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  "          Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 

Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Publishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Production  After  the  War. 

The  war  has  led  to  a  great  deal  of  national  introspection, 
and  in  spite  of  the  absorbing  nature  of  the  military  con*^^est 
thoughtful  people  are  taking  a  large  measure  of  interest  in 
certain  questions  concerning  the  economics  of  trade  and 
industry  that  will  peremptorily  demand  attention  when  the 
war  is  concluded  and  the  struggle  for  existence  again 
depends  on  supremacy  in  the  arts  of  peace .  The  last  two 
vears  have  destroyed  numerous  illusions  and  changed  our 
outlook  on  many  social  questions.  In  face  of  a 
common  danger,  rich  and  poor,  employer  and  workman, 
aristocrat  and  peasant,  have  found  in  the  trenches  a  frater- 
nity little  suspected  in  pre-war  days.  The  exercise  of  it  has 
dissolved  many  prejudices  and  enabled  great  things  to  be 
accomplished,  and  it  is  to  be  hoped  the  welding  process  will 
not  break  down  when  the  present  supreme  and  united  effort 
against  a  foreign  foe  is  replaced  by  the  more  frequent,  and 
sometimes  opposed  stresses,  that  spring  out  of  class  jealousies 
and  prejudices  in  times  of  peace.  The  obliquity  of  character 
produced  in  Germany  by  a  generation  of  false  philosophy 
and  military  despotism  lias  come  as  a  shock,  but  if  we  have 
been  spared  this  baleful  influence  our  political  system  has 
not  been  free  from  defects.  The  name  of  liberty  has  been 
frequently  misused  in  latter-day  legislation,  and  gross  license 
accorded  to  certain  sections  of  the  community  by  political 
parties  eager  for  votes  and  power.  Protection,  wlien  asked 
for  by  manufacturers,  has  been  denounced  as  selfish  class 
interest,  but  has  been  granted  in  full  measure  in  worse  form 
to  trade  unionists,  with  the  power  to  strike  ami  freedom 
from  responsibility  for  their  acts,  with  the  riglit  to  refuse  to 
work,  and  liberty  to  prevent  others  doing  so  by  "  peaceful  " 
picketing.  With  licence  granted  in  such  wholesale  mea- 
sure it  was  little  to  })e  wondered  at  that  i-ostriction  of  output, 
a/fas  "  ca'  canny/',  controlling  the  working  of  machines,  repu- 
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diation  of  agreements,  refusal  to  accept  arbitration  awards, 
should  become  characteristic  of  trade  disputes,  or  that  the 
more  reckless  members  of  unions  should  often  replace  the 
more  thoughtful  ones  as  "leaders,"  or  rather  we  ought  to 
say  '-  officials/'  for  anarchy  had  become  exalted,  and  there 
were  not  wanting  powerful  organs  in  the  press,  with  exqui- 
sitely tender  consciences  for  most  things,  ready  to  excuse  or 
palliate  every  outrage  against  fair  play  and  justice  when 
coinniitted  bv  a  trade  union.      We    all   know    with  what 
vigour  and  indignation  these  "  rights  and  privileges  "  were 
defended  when  requests  were  made  for  labour  dilution  and 
greater  output  of  munitions  by  men  who  were  daily  risking 
their  lives  for  national  liberty  in  the  snow-sodden  trenches  of 
Flanders.    It  is  hardly  necessary  to  repeat  this  bit  of  his- 
tory further,  though  it  is  desirable  to  remember  that  the 
unions  have  registered  and    docketed    a   claim    to  exercise 
these  "  rights  and  privileges  "  at  the  end   of  the  war,  that 
thev  are  only  suspended,  not  abrogated,  and  it  is  to  be  feared 
that  unless  countered  by  education  and  public  discussion  this 
claim  will  lead  to  a  resumption  of  much  bitter  and  senseless 
strife  between  capital  and  labour  when  their  co-operation 
will  be  more  than  ever  needed  in  the  markets  of  the  world. 
For  this  reason  the  ventilation  of  questions  at  issue  between 
them  is  to  be  welcomed  even  amidst  the  din  of  battle.  Two 
notable  contributions  of  this  kind  have  been  made  during 
the  last  week  or  two,  deserving  of  a  wider  audience  than  that 
to  which  they  were  immediately  addressed,  and  which  we 
shall  therefore  take  the  liberty  of  reproducing,*  and  recom- 
mend our  readers  to  carefully  peruse.    Mr.  W.  L.  Hitchens, 
the  chairman    of    Messrs.    Cammell,   Laird,    &   Co.，  at  the 
National  Economy  Exhibition,  devoted  himself  to  a  discus- 
sion of  the  importance  of  increased  production,  and  showed 
how  seriously  limitation  of  output  handicapped  us  in  competi- 
tion with  other  nations,  and  how  misleading  is  the  cry  that 
freedom  to  produce  means  servitude  io  the  producer.    No  one 
will  contend  that  labour  in  America  is  servile  by  comparison 
with  this  country,  and  yet  pre-war  statistics  showed  that  an 
average  of  two-and-a-half  times  as  much  work  per  working 
man  was  turned  out  in  the  States  as  in  this  country.  The 
reason  is  not  that  the  workman  there  is  superior  in  skill,  or 
possesses  more  energy,  but  that  he  has  greater  freedom  to 
exercise  it.    There  is  an  absence  of  the  harassing  rules  imposed 
here  by  trade  unions  on  the    employment    of  machinery. 
Rules  which  have  been  so  scathingly  exposed  in  the  official 
publications  of  the  output  of  women  and  unskilled  labourers 
in  munition  factories  when  allowed   to  work  luitranimelled, 
and  which  the  unions  openly  declare  they  will  again  impose 
when  the  war  is  over  unless  prevented,  as  we  trust  thay  will  be, 
by  public  opinion.  Whilst  trade  union  tyranny  lias  been  respon- 
sible for  much  of  this  restriction  of  output,  stupid  legislation 
has  also  something  to  answer  for.    In  the  United  States  it  is 
commonlv  considered  that  machinery  of  many  kinds  becomes 
obsolete  in  five  years,  whereas  in  this  coiuit  ry  the  income-tax 
laws  only  permit,  of  its  bein^  wiper]  out  in  20  years.  These 
laws  obviously  become  increasingly  serious  with  income-tax  at 
5s.  ill  tlie  £，  and  loudly  call  for  readjustment.     The  second 
address  was  given    by  Sir  Hugh    Bell    before   the  United 
Workers,    at    the    Princes    Skating    Clul>,     on     the  4th 
iiist and  was  devoted  lo  a  discussion  of  the  fallacy  so  common 
amongst  the  workers,  that  in  tlie   division   of   profits  they 
receive  a  verv  unfair  proportion,  and  the  capitalist  receives 
an    undulv    large    one.      This    erroneous    belief    is  often 
expressed  in  unstrained  language,  and  though  facts  and  reason 
lend  it  no  support  it-  is  hard  to  dispel.    Its  prevalence  is,  of 
course,  like  that  of  others,  the  result  of  ijriiorance,    as  Sir 
Hug'h  plainly  shows.    Par  from  receiving  the  lion's  share  of 
nrofit,  canital  often  receives  only  a  microscopical  one,  and  not. 
infrequently  has  to  be  content  with   none   at  all,   or  rest 
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satisfied  with  the  reflection  that  it  has  made  the  way 
to  profit  smoother  for  someone  else.  Ignorance  is, 
in  fact,  the  stumbling  block  to  progress  all  along 
the  line,  and  hand  in  hand  with  clearer  conceptions  of  the 
true  relations  between  capital  and  labour  must  come  an 
improved  system  of  education  for  the  toilers  of  the  next 
generation,  on  wliom  will  fall  the  heavy  obligation  of  paying, 
by  increased  effort  and  industry,  the  terrible  legacy  of  debt 
which  will  be  left  when  peace  is  restored. 


GARDNER'S  VAPORISER  FOR  OIL  ENGINES. 

In  the  case  of  2- stroke  cycle  internal-combustion  engines  of 
the. type  in  which  the  liquid  fuel  is  injected  into  a  bulb-like 
part  wlierein  it  is  ignited,  it  has  been  proposed  to  provide  a 
peg- like  projection  upon  the  inner  surface  of  the  bulb  on  to 
which  the  fuel,  or — if  two  jets  of  different  fuels  are 
employed ― the  less  readily  ignitable  fuel  is  directed, 
it  being  found  that  under  certain  conditions  of  work- 
ing, such  as  when  the  engine  is  working  under 
medium  and  heavy  loads,  vaporisation  and  combustion 
is  more  efficiently  secured  by  the  aid  of  this  peg-like  part.  In 
practice,  however,  it  is  found  exceedingly  difficult  to  deter- 
mine satisfactorily  when  tlie  fuel  jet  is  impinging  upon  the 
end  of  the  peg,  the  jet  orifice  being  of  exceedingly  small  bore 
and  the  jet  being 
readily  deflected. 

A  simple  and 
effective  device  for 
this  purpose  has 
been  patented  by 
Mr.  E.  Gardner, 
Barton  Hall  Engine 
Works,  Patricroft, 
Manchester,  and  is 
illustrated  here- 
with , Fig.  1  being 
a  sectional  view 
and  Fig.  2  an  end 
view  of  the  vapor- 
iser, with  the  dome 
portion  and  the 
holding-down  ring 
removed.  The  hot 
bulb  or  vaporiser 
is  of  usual  form  but 
in  three  parts,  an 
inner  water-jack- 
eted portion  A,  an 
intermediate  ring- 
like  element  B  seat- 
ing in  the  portion 
A，  aiifl  an  outer 
(1  o  ni  e  E  which 
seats    in    ring  B, 

the  ring  and  dome  being  clamped  in  place  by  the  holding- 
clown  ring  F.  The  peg-like  projection  G  is  provided  on  the, 
intermediate  ring  B,  on  to  the  end  of  which  the  fuel  is 
directed.  By  disposing  the  peg  upon  the  ring  B，  which  can 
be  given  a  limited  angular  adjustment,  tlie  correct  alignment 
of  the  injector  H，  and  therefore  of  the  jet  and  peg,  is  en- 
sured, for  the  injector  can  be  tried  before  the  outer  dome 
part  is  secured  in  position.  The  full  advantages  derived  from 
the  employment  of  the  peg  are  thus  obtainable.  When  the 
jet  has  been  tested  for  alignment  with  the  peg  G,  the  stop 
limiting  the  movement  of  the  jet-control  handle  J  is  brought 
against  the  handle,  or  the  handle  is  adjusted  to  come  against 
the  stop,  so  that  the  adjustment  of  tlie  jet  for  heavy  loads 
is  readily  accomplished ，  it  being  only  necessary  to  bring  the 
control  handle  against  the  stop.  For  liglit  loads  the  jet  is 
directed  into  the  unjacketed  dome.  The  directions  of  the  jet 
for  heavy  and  for  liglit  loads  are  indicated  in  the  drawings. 
Instead  of  employing  a  single  fuel  injector,  two  jets  may  be 
directed  into  the  vaporiser,  one  jet  of  a  readily  ignitable  fuel, 
being  projected  towards  the  dome  and  being  timed  slightly  in 
advance  of  the  other  jet,  which  is  directed  upon  the  peg  G 
and  is  of  a  fuel  which  will  not  readily  ignite. 


Figs.  1  anu  '2. 
Gaudnkxi'k  Vai'ouisku  for  Oil  Enginfs. 
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OIL  ENGINES  AND  STEAM  ENGINES  IN  COMBINATION.* 

ItY  CKOFFKKY  VOKT  K  U  ,  A.M.I.C.  K. 

My  object  is  to  discuss  some  of  (lio  problems  met  with  in 
extending  a  comparatively  — and  in  some  instances,  an  ex- 
tremely-ineHWieiit  geiieratiii^^  station  of  tlie  '•  li" 小 tiiig  load  '' 
Older,  with  a  ))lant  capacity  ioiukI  about  1,500  kw.,  and 
equipped  with  steam  eii^nnes,  some  with  condensers  and  some 
without.  There  are  dozens  of  sm'li  stations  dotted  about  the 
country,  from  12  to  20  years  old,  none  of  them  with  any  great 
future  so  far  as  can  he  seen  at  present,  and  most  of  tlieni  liav- 
inir  dilliculty  to  make  ends  meet  financially. 

o Table  I.  gives  various  data  relating  to  three  generating, 
stations,  •'  A，'，  "  B,  '  and  ■'  C  ，' 一 ••  A  ，，  being  my  own,  a  small 
one  on  the  South  Coast  ;  B  "  a  London  station  of  consider- 
able capacity  ;  and  C '，  a  riverside  station  in  the  provinces. 
It  is  not  proposed  to  elaborate  an  ideal  situation  in  tins  paper, 
but  to  deal  with  established  facts,  and  to  leave  out  of  account 
all  methods  of  providing  additional  plant  except  that  of  Diesel 
engines.  The  combination  of  steam  and  Diesel  engines  is 
now  pretty  well  established,  and  reliable  data  are  available. 

TABLE  1— station  A.    1043  K 


Now,  liowovoi",  llio  Diesel  eii^ino  is  making  ^lood  head  way, 
inaii  u  t";u't  iir(M"s  aiul  ustM's  liave  ^aiiunl  ex  pcrieMce,  1  he  fuel -oil 
(|iiesl  ion  is  iti  a  fair  \va y  of  hein^  solved  Ijy  ut  ilisiii^  t  he  pro- 
ducts ot*  i  lie  (lisl  illation  of  coal,  and  t liou^li  1  lie  (•ai)ital  cani 
is  ami  will  probably  cont iiiuc  I o  In-  lii^li,  the  essence  of  tl"， 
l)r<)l)l(、；ii ，  .，  the  balance  in  liand  to  credit  of  net  reveiuie 
accounf  ill  the  annual  balaiice-Hlieet,  is  found  to  improve  in 
proportion  to  Ihe  use  of  the  Diesel  engine.  The  mixed 
stations  have  justified  the  wisdom  of  their  engineers  duriii"" 
the  present  extremely  difficult  times  ；  l)ut  for  their  efficient 
oil  en^Miies  many  of  them  would  he  i:i  a  bankrupt  condition 
to-day. 

In  Table  I.  will  be  found  I  lie  (i^urts  of  the  capital  outlay 
oil  generating  plant  of  the  tliree  stations  already  mentioned. 
The  Diesel  figures  (capital  costs)  are  slated  in  some  detail,  but 
time  lias  not  permitted  the  division  of  the  steam  plant  costs 
under  separate  heads  ；  they  have  therefore  been  taken  as  a 
gross  total.  (In  my  own  station,  ''  A，，，  such  sub-division  has 
b?en  possible,  as  the  figures  were  got  out  for  another  purpose 
some  time  ago.)  The  items  taken  into  consideration  are 
engines  and  their  dynamos,  foundations,  boilers,  boiler  set- 
tings, flues,  chimney  shafts,  condensing  plants,  exhaust  steam, 

DC  Station  B    8700  KW.  DC.  Station  C     1400  KW.  AC 


*  "  B  "  and  "  C  "  include  prc^ortii 

Some  five  or  six  years  ago  several  papers  were  read  before 
societies  of  standing  in  the  engineering  world,  in  which  were 
discussed  the  advantat^es  to  be  gained  by  the  use  of  the  Diesel 
engine.  Some  of  the  writers,  I  think,  rather  overstated  their 
claims,  and  all  conclusions  were  based  chiefly  on  results 
obtained  on  the  Continent  with  plant  manufactured  by  con- 
tinental firms.  This  was  natural  under  the  then  circumstances, 
as  few  sources  of  information  were  available  at  the  time  in  this 
country.  The  arguments,  good  as  they  were  on  the  whole,  fell 
on  somewhat  stony  ground,  for,  with  the  Englislimaii's  native 
scepticism  of  tilings  foreign,  engineers  waited  cautiously  for 
an  object-lesson  in  their  own  land. 

Apart  from  this  aspect  of  the  case  it  was  felt  rather 
strongly  that  the  best  coal  in  the  world  is  mined  in  the  British 
Islands,  while  a  residual  petroleum  fuel  oil  (with  the  exception 
of  a  limited  supply  of  shale  oil)  is  an  imported  commodity  ： 
hence,  with  a  growing  demand,  the  price  of  fuel  oil  would  rise 
in  a  greater  degree  than  would  the  price  of  coal.  Further, 
fi'om  a  business  man's  point  of  view,  the  Diesel  engine  requires 
a  greater  capital  expenditure  per  unit  of  power  than  does  an 
equivalent  steam  plant.  The  question  of  reliability  in  opera- 
tion arose  also,  though  I  think  it  was  used  rather  as  an  excuse 
than  as  a  genuine  argument  in  disfavour  of  the  Diesel  engine  ； 
for  engineers  cheerfully  bought  steam  turbines  in  the  early 
and  middle  stages  of  their  development,  and  experienced  a 
good  deal  of  trouble  with  them ― thus  repeating  the  former 
experiences  with  electrical  machinery. 

*  Paper  read  before  the  Diesel  Engine  Users*  Association,  June  23rd,  1916. 


I  of  Salaries  (see  lines  17  and  10), 

and  other  feed-water  heaters,  feed  pumps,  oil  separators,  and 
tlie  like.  Left  out  of  account  are  storage  batteries,  boosters, 
balancers,  and  all  plant  outside  the  works,  as  a  comparison  is 
sought  only  in  the  generating  department. 

It  will  be  seen  that  the  oa])ital  cost  pel'  kilowatt  is  high. 
1  ins  is  due  not  only  to  the  higher  cost  of  plant  at  the  begin- 
ning of  the  century,  and  even  earlier,  than  in  more  recent 
years,  but  also  to  the  piecemeal  way  in  which  generating  plant 
has  been  added  to  from  time  to  time.  The  engineer  lias  always 
been  over-weighted  with  the  bulk  of  annual  payments  of  inte- 
rest and  principal,  and  was  compelled  to  arrange  them  in 
such  a  manner  tliat  the  annual  imi'ements  of  such  charges  did 
not  grow  too  disproj)oiiioi lately  to  the  annual  increments  of 
iiuoJiie,  which  he  could  estimate  fairly  closely.  The  result  has 
been  the  pm'siiit  of  a  rather  liaiid-to-nioutli  policy.  When 
making  extensions  it  would  have  been  preferable,  in  the  long 
run,  to  put  down  additional  plant  sufficient  to  supply  the 
requirements  of  10  years  or  so,  from  the  ultimate  financial 
point  of  view.  However  desirous  one  may  be  of  taking  and 
ado])ting  long  views  circuinstaiu'es  are  often  too  strong  for 
us.  The  progress  of  an  electric  ligliting  undertaking  lies 
along  a  straiglil  and  narrow  way.  The  capital  expenditure 
on  the  three  stations  up  to  the  time  wlieii  Diesel  engines  were 
put  down  was  (for  generatiiif^  plant  only)  as  follows,  viz. : ― 

Station    'A"   £29.1  per  kilowatt. 

，， •'  B  ，，    £28-0    ，，  " 

"C"   £39-8    ，，  ，， 


Last  completed 
FiDancial  year  before 
aiarting  Diesel  Engines 


1.332,851 

1.332,851 


16/2 
100% 


,r -。，  2.6% 


1963% 


■048(1. 


icial  yei 


l^hi  completod 
Kinancial  jcat  before 
•tartiiie  Diesel  KoKiaes. 


t  complfl 


Last  completeii 
Financial  }  ear  bcfori: 
"artinp  Diesel  Engines 


18/3 
蒙 /。 

388 

4-  93。/。 

5-  8  lbs. 


12.300 

2500 
1200 
16  000 
600  KW 

87.100 
3100  KW 

142 

iilerud  Steun 
FipM  »al7 

103 


67/2 
30/9 
華 /。 
52-87, 
553 


■10  57, 


5.024,] 
5.024.1 


23/9 
100。/。 


。'- G-17o 


Capita'.  CO"  of  Diesel  Engines  ftod  Dynamos   

,,       „  „  „  Foundations     ...  ... 

„      „         „         .,  Acoe88orie9   

Total      ,，  ，，  ，，   

Total  Kilowatts— Diesel  Plant   

CftpiUl  cost  of  Steam  Plant  (Engines,  Boilors,  AccesBories, 

oludiog  FouodatiooB)    .. - 

ToUl  Kilowatte— Steam  Plant   

Capital  Cost  per  KW.  of  combined  Plant   

Annoal  losurance  agaiDat  Breakdown ― Diesel  Plant 

,,  „  ,,  „  Steam  Plant  ... 

Anmiftl  GftpitU  Ghftrget  (Interest  and  Redemption)  ... 


12   Unit!  Oeoerftted 


Diesel  Plant 
Steam  Plant 


15  Co"  of  Fuel  per  unit  generated    Combined  Plant ... 

16  J,    ,,  Lubricating  Oil,  Waste  Stores  and  Water  -.. 

17  ,,     „  Wfcgofl  (RuDDiBg  StaEO   

16  „    ,,  Repairs  and  MaintenaDce  of  Generatiog  Plant 

19     "     ,,  Proportion  of  Sal&riefl    ... 

30  „    „  Total  RnnniDg  Charges   

31  Arerftge  Price  of  Fuel  Oil,  per  ton   

M   Coal  .,   

33  UoitB  Generated  by  Steam  Plant  。！。  of  Total  ... 

34  ..         .,        ,,  Oil    ... 

35  nnits  Generated  per  ton  of  coal    ... 

26  ,，         ，，  ..  oil   

27  Thermal  Efficiency 


B.T.U  '(Li 

Coal  used  per  unit  generated  -., 
Fuel  Oil       ,,  ,,  -., 

RoDning  Plant    Load  Factor 

AoDual  Load  Faotor   

Ratio  price  of  Oil  to  price  of  Co 


403,431 
1,530.988 

Oil  ti 


65/0 
17/0 
26-4。/。 
73-67, 


'6.57。 


■296d. 


8450 
1277  I 
,006  I 
10,233  I 
540  KW  i 

34.292  j 
860  KW  i 


5  7  4  6 

3  3  9c 


1 

3  一  3 
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Stations  "  A  "  and  ''  C  '，  condense  the  exhaust  steam  ; 
Station  ''B，，  is  a  non-c*ondensing  station.  As  the  result  of  this 
large  outlay  tlie  overall  tliennal  efficiency  of  the  three  steam 
plants  in  tlie  year  prior  to  tlie  adoption  of  Diesel  engines 
was : — 

Station  *•  A  ，，   4'93  per  cent. 

" "B"    61  ,， 

，，      " C，，   2.6  ，， 

These  results  are  not  very  encouraging  when  one  considers 
the  money  that  has  been  put  into  the  plant  in  each  case. 
Nevertheless,  the  figures  are  typical  in  stations  of  their  class. 
This  thermal  efficiency  is  arrived  at  by  calculating  the  British 
thermal  laiits  equivalent  to  the  units  generated  at  the 
dynamo  terminals  (taking  3,412  B.T.U.  per  Board  of  Trade 
unit),  and  working  out  the  total  as  a  percentage  of  the 
British  thermal  units  in  the  quantity  of  coal  consumed.  Tlie 
figures  given  are  not  absolutely  accurate  owing  to  the  heat 
values  of  the  coals  used  not  being  certain,  but  I  do  not  think 
they  are  very  far  wrong. 

As  one  can  speak  most  fully  from  one's  own  experience,  I 
trust  I  may  be  forgiven  if  I  analyse  the  various  figures  tabu- 
lated for  Station  A."  In  1911  extensions  of  plant  became 
imperative  ；  what  had  been  done  in  the  past  and  the  possi- 
bilities of  the  future  were  very  carefully  considered.  The 
capital  expenditure  on  generating  plant  up  to  the  end  of  the 
financial  year  1910-11  was  as  under. 

Engine-room  Plant. 


£15'2  per  kw. 


<£13'9  per  kw. 


Engines,  dynamos,  and  foundations  ...  <£4,690 
Condensing  plant  and  pipework    £3,506 

Boiler-house  Plant. 

Boilers  and  their  brick  settings    £3,602 

(nominal  evaporation  36,0001bs.  per  hour) 
Feed  pump,  injectors,  and  pipework. . .  £1,500 

Chimney,  economiser,  and  flues    £2,400  j 

Gross  capital  expenditure    £29.1  per  kw. 

On  this  outlay  the  annual  charges  for  interest  and  redemp- 
tion of  capital  amounted  to  approximately  £1,200,  or  £2'23 
per  kilowatt  installed.  On  the  other  side  of  the  account  1  kw. 
of  maximum  load  on  feeders  produced  (in  1910-11)  1,243 
units,  equivalent  to  about  X21.  Hence  the  capital  charges  on 
the  steam-raising  and  using  plant  alone  absorbed  as  much  as 
10  per  cent,  of  the  earnings.  (Annual  load  factor  14'2  per 
cent.)  Table  II. ，  line  18，  shows  a  series  of  these  figures.  All 
the  figures  (except  fuel  figures)  for  1915-16  are  abnormal, 
owing  to  the  various  restrictions  in  force  due  to  the  state  of 
war  in  which  we  find  ourselves.  The  same  remark  would 
apply  in  a  less  degree  to  those  of  1914-15.. 

A  iter  very  careful  consideration  it  was  decided  to  extend 
the.  plant  with  Diesel  engines.  At  the  time  an  addition  of 
250  kw.  was  required.  I  decided  to  divide  this  capacity 
between  two  engines ― first,  because  a  better  '  running  plant  " 
load  factor  could  be  obtained  in  this  way  ；  and,  secondly,  from 
motives  of  caution.  The  type  of  engine  was  】iew  to  tlie  staff, 
and  I  argued  that  it  would  be  very  unlikely  for  both  engines 
10  collapse  at  tlie  same  time  should  they  prove  unreliable  in 
opei  at  ion .  I  am  glad  to  say  that  my  caution  turned  out  to 
be  superfluous.  Better  and  more  consistent  running  could 
not  be  desired. 

Station  "  B  "  has  provided  me  with  figures  relating  to  tlie 
hours  lost  through  defects  in  the  year  1914-15,  as  follows: ― 

No.  1  engine  12  hours  piston  trouble. 

No.  2  engine  12  hours  liigh-pressure  cooling  coil  worn. 

No.  3  engine  36  hours  compressor  trouble. 

The  capital  cost  of  the  extension  worked  out  at  £16*95  per 
kilowatt.  Two  years  later  a  third  engine  was  obtained,  coupled 
to  a  260  kw.  dynamo,  at  a  capital  cost  of  £19'27  per  kilowatt. 
In  all,  a  capital  expeiuliture  of  £  1 8*13  per  kilowatt  fo r  510  k w. 
capacity. 

Turning  again  to  Table  1 .  it  will  be  seen  1  liat  Station  "  B  '' 
spent  £26'7  per  kilowatt  for  600  kw.  ；  and  Station  "  C  "  a 
sum  of  £18  66  per  kilowatt  for  540  kw.  of  plant.  Local  cir- 
cumstances entailed  a  very  lieavy  expense  for  found ations  in 
the  case  of  "  B,"  while  plant  was  more  expensive  in  first  cost 
than  at  the  time  when  I  was  in  the  market.  "  B  ，，  profited  by 
other  people's  experience  in  tlie  matter  of  "  accessories/'  and 


wisely  spent  rather  more  money  on  them ― notably  on  fuel-oil 
storage  tanks.  "  C  "  adopted  engines  and  dynamos  which 
required  large  foundations,  with  the  result  that  tlie  gross 
capital  outlay  was  rather  greater  than  it  was  in  Station  "  A." 
An  equivalent  steam  plant  for  "  A  ，，  would  have  necessitated 
an  outlay  of  £7,450，  equivalent  to  £14'8  per  kilowatt.  The 
annual  charges  for  interest  and  repayment  of  principal  would 
have  been  £177  less  for  a  steam  plant  than  for  a  Diesel  plant. 

Oil  a  "  running  plant  '，  load  factor  of  65  per  cent.,  and  with 
coal  at  about  13,000  B.T.U.  per  pound,  I  expected  to  produce 
500  units,  more  or  less,  to  a  ton  of  coal 一 taking  the  whole 
steam  plant  into  consideration.  Enquiries  in  several  quarters 
lead  me  to  expect  confidently  that  a  Diesel  engine  under  the 
same  load-factor  conditions  would  deliver  3,200  units  per  ton 
of  fuel  oil  of  17,500  B.T.U.  per  pound.      Assuming  a  price 


Tablto  II. 

― Station  " 

丄" 

ITEM.' 

1910-11. 
strain  Only. 

1912-13. 
Steam  k  Oil. 

1913-14. 
Steam  &  Oil. 

1915-16. 
Steaui  k  Oil. 

Estimate 

Steaia 
Eitension. 

1 

Fuel   

-570 丄 

■42d. 

•296d. 

■46cl. 

2 

Wages  (Bunniog  Staff) 

206d. 

•13". 

•12d. 

•139d. 

•20d. 

3 

Lnbricatinfi  Oil,  Waste 
Stores,  Water.. . 

■092'1. 

074d. 

■06d. 

■106d. 

*09d. . 

* 

Kepairs,  Maintenance, 
Plant  

105d. 

(Mid. 

•07d. 

■073d. 

•lOd. 

5 

Proportion  of  Salaries... 

-068(3. 

■056d. 

•053. 

■069d. 

•06d. 

6 

Total    Cost    per  Unit 
Generated     ..  ... 

1  04Id. 

■758d. 

•72d. 

•683d. 

•91(3. 

， 

%  of  Total    Units  by 
Steam  Plant ...  ... 

100% 

17*8%' 

20% 

2% 

100% 

8 

%  of   Total   Units  by 
Diesel  Plant …  … 

83-2% 

80% 

98% 

9 

Units  per  Ton  of  Coal... 

388 

248 

334 

176 

600 

10 

.,          „      Fuel  Oil 

3350 

3180 

3200 

11 

Thermal  Efficiency  %  ... 

4-93 

12-34 

12-78 

22-6 

6-5  (a» 

12 

Fuel  per  Unit  Generated 
Coal  ... 

5-8  lbs. 

7.9  lbs. 

6  7  lbs. 

12-8  lbs. 

13 

,,          " Oil  ... 

■67  lbs. 

•70  lbs. 

■69  lbs. 

13a 

，，  Combined 

1  94  lbs. 

1-84  lbs. 

-89  IbB. 

14 

Price  of  Coal  per  Ton 

(Av.) 

18/3 

23/6 

23/0 

29/8 

)5 

., Oil  Fuel    ,' ，. 

69/0 

80/0,. 

64/0 

]6 

Water  Consumption  per 
Unit  Generated 

45  Iba. 

36  lbs. 

17 

Water  Consumption  per 
1  lb.  Coal   

8-5  lbs. 

f  rom  and  at 

21 2'^  F. 

10  Iba. 

18 

Units  Sold  per  Annum 
per  Kilowatt  of  Maxi 
mum  Load  on  Feeders 

1243=:£22 

1270=£21 

133U£21-H 

1363- £19  5 

19 

Running    Plant  Load 
Factor  :  Steam  ... 

Diesel       . . 

66  2。 乂 

62-2% 
710% 

56-7% 
66-4% 

69-4% 
56-9% 

65% 

20 

Annual  Load  Factor  ... 

14-10% 

15-19% 

15  30«< 

15-68% 

(a)  Maximum  observed  with  Oil  Plant  alont; — '丄屮 73"。  over  one  week. 
*N0TE. ― The  last  column  of  tliis  tal>le  is  an  estimate  of  the  probable  results,  had 


Steam  Plant 


adoiited  instead  of  Oil  Plant). 


ratio  of  2h  to  one  between  oil  and  coal  (as  it  was  approxi- 
mately for  "  A  "  ill  1910  to  1911),  there  was  a  large  margin 
ill  the  earning  capabilities  of  the  two  types  of  plant  to  cover 
the  difference  in  the  annual  charges. 

The  figures  shown  in  lines  9  and  10  in  Table  II.  give  a 
series  of  actual  results  for  "  A."  The  figures  in  lines  25  and 
26  ill  Table  I.  show  the  actual  results  obtained  in  Stations 
" B  "  and  "  C  "  as  well.  The  low  figure  in  the  records  of  '(C，， 
is  accounted  for  by  the  fact  that  one  of  the  pair  of  engines 
put  down  was  a  2-stroke  cycle  machine.  All  engines  in  "  A  " 
and      B  ''  were  vertical  4 -stroke  cycle  engines. 

So  iiu'cli  for  a  direct  coinparisoa  between  steam  and  oil. 
The  problem  was,  however,  complicated  by  the  existence  of 
1  lie  original  steam  plant,  in  conjunction  with  which  the  Diesel 
engines  would  be  required  to  work.  Undoubtedly  the  boldesv 
course  to  adopt  would  have  been  to  write  off  a  pari  at  least 
of  t lie  steam  equipment.  This  plan  was  considered,  but,  in 
view  of  the  very  long  loan  period  (which  had  still  15  years  to 
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run),  the  sum  roquiroil  for  tlie  puri)()s(、  was  loo  great  for  the 
finances  of  the  undertaking  to  bear.  I  lad  more  stream  plant 
been  added  to  the  old,  and  allowing  for  a  miicli  shorier  loan 
period  and  a  liigher  rate  of  interest,  tlie  annual  combined 
capital  charges  would  have  amounted  to  £1*62  per  kilowatt  of 
plant.  The  earning  powers  of  one  kilowatt  were  not  expected 
to  increase.  The  lotal  capital  cost  would  have  become  £22'1 
per  kilowatt.  The  following  returns  give  some  important 
figures  for  ''  A  ，，： 一 


Year. 

Ri>vi'mio  per 
Kilowatt  oi 
max.  load. 

GrosM  profit 
])('!•  Kilowatt 
of  ma  x.  load. 

£ 

£ 

1910-11 

■21- -2 

11-3 

Steam  plant  only. 

1911-12 

•20-4 

l()-4 

Part  Uiesol  about  2  months. 

1912-13 

19- 1 

11-1 

Diesel  plant  8i-2  percent.of  output 

1913-14 

20-0 

11-8 

,,        ，， 80           „  „ 

1914-15 

•27  3 

14-9 

„        ，，    91-7       „  ，， 

1915-16 

23-2 

141 

„        ，，    98          „  ，， 

In  the  first  column  the  revenue  per  kilowatt  of  maximum 
demand  of  feeders  was  artificially  increased  by  the  fact  of 
the  maximum  output  falling  off,  during  the  last  two  periods 
owing  to  restrictions,  more  rapidly  than,  did  the  number  of 
units  sold.  In  the  second  column  the  figures  of  gross  profit 
were  adversely  affected  by  the  steam  "  stand-by  ，，  charges,  two 
boilers  being  kept  up  for  the  greater  part  of  the  time  in  case 
of  Diesel  engine  failures.  During  the  last  two  years  in  tlie 
table  the  boiler-house  was  entirely  shut  up,  except  for  a 
month  or  so.  There  is  no  doubt  that  the  efficient  working  of 
the  Diesel  engines  effected  a  marked  increase  in  the  gross 
profit  per  kilowatt  of  maximum  demand  on  the  plant.  In  the 
year  1912-13  the  tendency  of  the  gross  profit  had  begun  to 
counteract  the  downward  trend  of  the  revenue  curve.  An 
examination  of  the  figures  quoted  show  that  the  lower  cost 
of  operating  a  Diesel  engine  plant  quickly  extinguishes  the 
higher  annual  charges  for  capital,  although  in  the  case  of 
" A  ，，  the  steam  plant  has  an  advantage  of  <£'3.3  per  kilowatt 
in  respect  of  capital  charges. 

Five  years  ago  opinions  differed  as  to  the  functions  of  a 
Diesel  engine  in  a  "  mixed  '，  station.  Some  said,  Work  it  for 
all  it  is  worth  and  use  the  steam  plant  for  peak-load  and 
emergencies  "  ;  others  said,  ''Run  your  steam  plant  all  the 
time  in  order  to  keep  down  the  preparation  charge  proportion, 
and  use  your  oil  plant  for  the  peaks  and  emergencies,  when  its 
quick-starting  and  liigh-efficiency  characteristics  will  be  of 
the  greatest  advantage."  I  think  it  is  now  the  general  prac- 
tice to  work  the  Diesel  engines  "  for  all  they  are  worth,"  and 
to  keep  the  steam  engines  in  reserve.  At  anyrate,  that  is 
my  own  practice.  In  Table  II. ，  lines  6,  7，  and  8  illustrate  the 
point  fairly  clearly ,  and  may  be  read  in  conjunction  with  the 
thermal  efficiencies  given  in  line  11.  Lines  12  and  13a  indi- 
cate the  effect  of  keeping  boilers  under  steam  for  stand-by 
purposes. 

In  Table  I.  a  comparison  of  the  generating  costs  of  the 
three  stations  before  and  after  adopting  Diesel  engines  is 
instructive. 

" A  "  shows  a  reduction  of  '358d.  per  unit  generated  ； 
"B"       ，，  ，，  -04601.       ，，  ，， 

"C"       ，，  ，，  •276d.       ，，  ，， 

tliese  figures  being  obtained  in  the  face  of  rising  fuel  prices. 
Similarly,  the  overall  thermal  efficiencies  have  improved  as 
under  ： ― 

" A  "—Thermal  efficiency  rose  from  4'93  %  to  22*6% 
"B"  ，，  ，，  ，，       61%     ，，  10-5% 

" ，，  ，，  ，，       2*6%    ，，  6-5% 

These  figures  depend,  of  course,  on  the  proportion  of  the  units 
generaled  by  oil  as  a  percentage  of  the  total  units  generated. 
" B  "  having  a  steain  plant  of  five  times  the  capacity  of  its 
oil  installation  was  obviously  unable  to  make  so  great  a  reduc- 
tion as  was  "  A，，，  where  tlie  proportion  was  roughly  1  to  1  ； 
？ d  "C"  1.6  to  1.  The  greatest  reductions  are  in  the  items 
fuel,  wages,  and  repairs.  It  should  be  pointed  out  that 
Stations  "  B  "  autl  "  (J  "  include  in  the  "  wages  ，'  item  the 


proportion  of  "salaries"  of  llie  en^iiictM'inj^  staff  which  in 
st  aied  separately  in  line  19  of  Tal)l«  I.  for  Slat  ion  "A." 

T  refer  you  at  t his  poiiil'  to  Table  1 1 1.,  which  hIiowh  llie 
cost  of  fuel  per  unit  generated  i'or  Stal ion  '' 八'， at.  various 
load  factors  for  the  Hleani  and  oil  sect  ions  of  t  ho  plaiiL  The 
pair  of  curves,  Fig.  1，  shows  tlie  comparison  graphic-ally.  Coal 
cost  18s.  3d.  per  ton,  fuel  oil  was  at  64s.  per  ton.  The  figures 
are  taken  from  the  ordinary  weekly  records,  and  are  the 
result  of  every -day  running  conditions.  Frorn  approximately 
full  load  down  to  half  load  there  is  a  drop  of  G'3  per  cent, 
ill  the  steam  figures,  and  over  a  corresponding  series  there  is 
one  of  20  per  cent,  in  the  oil  figures. 


running    plant    load  factor 

Fig.  1. 

A  statement  of  some  of  the  "vital  statistics"  of  eight  gene- 
rating stations  having  both  steam  and  oil  plants  may  be  of 
interest;  it  shows  a  general  tendency  towards  improvement 
ill  the  financial  position  since  the  Diesel  engine  was  adopted. 


Station. 

Reduction  in 
fuel  cost  per 
unit  sold. 

Gross  profit  per 
kilowatt  of  maxi 
mum  load  before 
oil  plant. 

Gross  profit  per 
kilowat  t  of  maximum 
load  after  adopting 
oil  plant. 

d. 

£ 

£ 

1 

0-31 

11-3 

14-1 

2 

0-23 

9-9 

10-5 

3 

0-20 

8-8 

14-3 

4 

0-18 

111 

15-2 

6 

0-20 

3-37 

6-9 

6 

0-21 

8-4 

10-2 

7 

0-11 

9-8 

11-5 

8 

0-06 

13-4 

151 

I  regrel  that  the  figures  in  this  table  are  not  arranged  on 
quite  tlie  same  lines  as  are  the  figures  in  the  other  tables.  In 
the  time  available  I  was  unable  to  obtain  the  nuinbei'  of  units 
generated  in  each  case,  hem'e  the  unit  '  so】d  "  is  here  the 
basis  of  the  calculation.  The  Diesel  engine  has  this  important 
advantage  over  the  steam  equipment.  If  valves  are  leaking 
and  adjustments  are  not  in  order  the  fact  becomes  quickly 
obvious.  The  indications  on  the  gauges  (and  there  are  not 
many  of  them)  draw  one's  attention  to  irregularities.  But 
a  steam  engine  may  run  beautifully  to  the  outward  eye  and 
ear  although  piston  valves  and  piston  rings  may  leak,  and  the 
valve  settings  may  be  wrong  owing  to  eccentric  strap  wear  ； 
the  boiler  settings  may  be  drawing  many  cubic  feet  of  air  into 
the  flues  ；  the  fires  may  be  too  thick  or  too  thin.  In  very 
many  cases,  provided  the  main  steam  gauge  is  showing  about 
the  correct  steam  pressure,  there  is  a  general  feeling  of  satis- 
faction with  the  aspect  of  affairs. 

Personally,  I  managed  to  improve  the  steam  costs  of  "A" 
by  20  per  cent,  or  so  by  the  aid  of  flue  thermometers,  draught 
gauges,  flue-gas  analysers,  and  graduated  staffs  in  the  boiler 
feed-water  tanks  ;  but  even  at  that  the  benefit  was  but  a  frac- 
tion of  that  gained  by  purchasing  plant  that  was  inherently 
more  efficient  from  the  thermal  point  of  view.  Putting  the 
three  things  together,  capital  charges,  running  costs,  and 
^M'oss  profits,  the  advantage  accruing  from  the  use  of  the 
Diesel  engine  for  installations  within  the  limits  of  those  indi- 
cated in  this  paper  is  manifest.  The  figures  quoted  for  "A" 
si  lowed  the  combined  annual  capital  charges  for  interest  and 
redemption  to  be  £1'95  for  a  mixed  steam  and  oil  plant,  and 
£1'6!2  for  a  steain  plant  only,  the  difference  being  one  of  20 
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per  cent.  Taking  the  riumiug  costs  for  the  last  completed 
financial  year,  the  reduction  in  running  costs  from  those 
obtained  in  pre-oil  days  was  no  less  than  34'4  per  cent. 

In  concluding  this  section  of  the  paper  I  should  like  to 
urge  on  all  Diesel  engine  users  the  great  value  of  the  indicator 
diagram  as  a  quick  and  ready  means  of  testing  the  condition 
of  an  engine.  The  '■  hand-drawn  "  cards  are  particularly 
valuable  as  showing  the  distribution  of  the  fuel  oil  among  the 
cylinders.  If  cards  are  taken  and  filed  for  reference  and  com- 
parison, it  is  not  difficult  to  keep  an  engine  well  up  to  its  test 
results.  The  outlay  of  £1'0  to  £15  on  an  indicator  set  is  a 
small  matter  in  comparison  with  the  losses  that  may  occur  if 
an  engine  is  not  periodically  checked. 

The  choice  of  tlie  most  suitable  Diesel  engine  to  accept 
when  confronted  witli  a  number  of  them  is  not  easy.  All 
members  of  this  association  are  now  acquainted  with  the 
features  which  are  and  are  not  desirable  in  an  engine.  But, 
when  taking  the  plunge  in  the  first  instance,  the  choice  was 
difficult.  Some  engineers  embraced  the  lowest  tender  with 
the  affection  frequently  accorded  to  that  interesting  hybrid, 
others  did  not.  Manufacturers'  representatives  were  very 
kind,  but  exhibited  a  considerable  admiration  for  the  merits 
of  their  own  particular  variety  of  Diesel  engine,  and  in  this 
respect  no  other  attitude  could  be  looked  for. 

The  attractions  of  the  lowest  tender  are,  of  course,  almost 
irresistible.  In  my  judgment  the  lowest  tender  is  suspect  if 
it  be  more  than  5  per  cent,  below  the  average  of  the  other 
tenders.  I  do  not  venture  to  lay  down  any  rule  for  the 
guidance  of  anyone  in  this  matter,  but  I  will  go  so  far  as  to 
say  that  my  own  preference  is  for  (1)  a  low  piston  speed  :  (2)  a 
low  mean  effective  pressure  from  the  full  load  card  :  and  (3) 
a  low  piston  and  crank-pin  loading.  The  general  design  of 
the  crankshaft  and  its  bearings,  the  gudgeon  pinsj  and  the 
lubricating  arrangements  throughout  must,  of  course,  be 
examined  also. 

The  transition  from  the  paper  stage  to  the  practical  one  of 
operating  the  Diesel  engine  not  unnaturally  brought  to  light 
a  number  of  occurrences  with  which  engineers  were  not  fami- 
liar. Many  were  trivial  in  their  nature,  others  were  serious. 
Many  engineers  solved  their  problems  by  means  of  their  own 
skill,  others  grumbled  and  lost  heart  and  interest.  In  coui>:e 
of  time  it  was  felt  that  a  central  body  competent  to  collect 
and  compile  records  and  to  act  as  a  standardising  authority  to 
some  extent  was  a  necessity.  In  this  way  the  Diesel  Engine 
Users'  Association  came  into  being.  From  a  very  modest  and 
quite  informal  beginning  this  association  is  growing  steadily, 
and  will,  1  trust,  one  day  assume  a  very  important  position  in 
the  domain  of  the  internal-combustion  engine. 


Table  III. ― Comparative  Fuel  Costs  per  U nit  (reuerdfed  on 
(I  Load  Factor  Basis,  ejfracttd  from  the  We  elf  y 
Records ― Station 


Running  plant  load 
factor   p6r  cent. 

38.9 

40-0 

50-1 

02- 5 

64-5 

70-3 

76*8 

91 -5 

98-0 

Steam  plant  pence 

0-625 

0-48 

0-45 

Diesel  plant  ，， 

0-332 

0-260 

0-255 

0-223 

0  220 

0-208 

Coal  at  18s.  3d.  per  ton  :  fuel  oil  at  64s.  per  ton. 


PRESSURE  RELIEF  VALVE  FOR  PUMPS. 

The  accompanying  illustrations  show  a  design  of  pressure 
relief  valve  of  the  type  in  which  the  valve  itself  is  in  complete 
equilibrium  or  balance  by  means  of  a  piston  in  conjunction 
with  the  valve,  and  is  adapted  to  be  operated  by  an  auxiliary 
piston  connected  with  the  main  or  other  situation,  the  pres- 
sure ill  which  is  to  be  controlled.  The  valve,  which  is  the 
invention  of  the  Worthington  Pii nip  Company,  Lid.,  India 
House,  Kiiigsway,  London,  W.C,  and  Mr.  E.  ().  Rodaway,  is 
particularly  applicable  for  use  with  pumps. 

Referring  to  the  illustrations,  the  usual  valve  body  A  is 
provided,  having  inlet  and  outlet  branches  B,  C，  and  a  valve 
seat  D，  between  theni  in  conjunction  with  which  the  valve  E 
is  adapted  to  operate,  tlie  valve  being  formed  with  an  exten- 


sion F  111  the  form  of  a  piston,  one  face  of  which  is  in  com- 
ip uuication  with  the  inlet  passage  G  and  the  area  of  which 
is  so  proportioned  that  the  pressure  acting  on  one  face  of  the 
valve  E  and  upon  the  opposed  face  of  the  piston  F,  main- 
tains tl'e  valve  normally  in  a  condition  of  complete  equili- 
brium or  balance.  The  balance  piston  F  is  provided  with  an 
extension  H，  forming  an  auxiliary  piston  of  much  smaller 
area  working  within  a  cylinder  J，  wiiicli  is  connected  by  a 
by-pass  fitted  to  the  connection  K  with  the  main  or  delivery 
bra  11  oil  of  the  pump,  tlie  pressure  in  which  is  to  be  controlled, 
the  arrangement  being  such  that  the  operation  of  the  valve 
itself  i;  elTeclcd  by  the  pressure  acting  upon  the  small  auxi- 
liary piston  H,  the  valve  being  arranged  to  be  opened  against 
the  action  of  a  spring  L.  The  thrust  of  the  auxiliary  piston 
H  which  operates  the  valve  is  proportional  to  the  pressure 
in  the  main  or  delivery  branch  of  the  pump  with  which  the 


Pressure  Helief  Valvi:  rc'U  rviips. 

auxiliary  piston  chamber  J  is  in  communication,  and  as  it 
is  obvious  that  tlie  effort  required  to  operate  the  valve  and 
consequently  the  load  upon  the  spring  L  may  be  kept  small, 
the  compression  rate  of  the  spring  L  can  very  conveniently 
be  selected  sucli  as  to  ensure  complete  relief  with  a  minimum 
accumulation  of  pressure. 

Since  tlie  re  is  but  very  slight  flow  or  motion  of  the  sub- 
stance in  the  pressure-communicating  passage  between  the 
situation  being  controlled  and  the  auxiliary  piston  chamber 
J，  the  bore  of  this  pressure-corn niunicating  passage  is  very 
small  and  is  formed  of  a  small-bore  pipe  to  which  is  connected 
where  necess;iry  a  small  air  vessel  R，  as  shown  in  Fig.  2. 
Such  air  vessel  foi'Jiis  an  effective  cushion  and  prevents  any 
shocks  or  rapid  pressure  fluctuation ― the  elimination  of 
which  may  be  impracticable  or  unimportant  in  the  main 
pump  delivery  or  other  situation  to  be  controlled ― from 
being  coniniunicated  to  the  auxiliary  or  operating  piston  H， 
thus  ensuring  smooth  operation  of  the  valve.  The  chamBer 
within  which  the  auxiliary  piston  operates  is  provided  with 
a  drain  plug  M  for  emptying  if  required,  and  the  balance 
]Hslon  clianiber  N  is  also  provided  with  an  outlet  O  for  con- 
nection to  a  drain  or  to  the  suction  side  of  the  pump  in 
order  to  prevent  any  accuimilation  of  pressure  in  tlio  cham- 
ber N  such  as  might  occur  due  to  leakage  past  t he  balance 
piston  F  or  the  auxiliary  piston  H.  Both  pistons  are  pro- 
vided with  piston  rings  P  in  order  to  reduce  such  possible 
leakage  to  a  niininiu ni. 
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BOILER-HOUSE  DESIGN  AND  OPERATION.* 

IJV   W.    W.  LACKU:.-)- 

The  design,  equipment,  and  operation  of  a  l)oilor-house  in  con- 
nection with  an  electricity  generating  station  invite  attention 
to  a  variety  of  quite  distiiit-t  engineering  problems,  almost  any 
one  of  whirh  would  require  a  paper  to  itself.  In  the  time  at 
our  disposal  attention  will  necessarily  be  confined  to  a  general 
survey  ol'  tlie  boiler-house  as  a  whoie.  Many  considerations 
have  now  to  be  kept  in  view  in  the  design  of  a  inoclem  boiler- 
house,  hut  the  main  object-  has  t'ome  to  ho  to  have  the 
niaxiinuin  of  steaming  capacity  in  the  ininiinuni  of  space. 
The  necessity  for  this  has  largely  been  l)roiight  about  by  the 
introduction  of  turbine-driven  generators  and  the  evei- 
inereasing  size  of  generating  sets.  Twenty  years  ago,  in  the 
design  of  a  generating  station,  it  was  a  simple  matter  to  install 
an  additional  boiler  for  each  addition  to  the  engine-room  plant, 
as  a  recij)rocating  engine  of  500  h.p.,  or  even  1,000  h.p.,  with 
its  generator  occupied  practically  the  same  amount  of  space 
as  the  boiler  plant  required  to  supply  steam  to  such  sets. 

Ill  these  early  stations  the  area  occupied  by  the  boiler-housc 
was  practically  the  same  as  the  area  necessary  for  the  engine- 
room,  and  extensions  were  easily  made.  On  account  of  the 
poor  load  factor  which  prevailed  in  these  stations,  due  to  the 
fact  that  the  denial"!  was  mainly  for  lighting  supplies,  the 
limited  area  of  supply,  and  the  central  site  chosen  for  the 
station,  economisers  were  seldom  installed  and  the  stations 
were  run  iioi 卜 condensing.  The  power  per  square  foot  in  the 
engine-room  varied,  but  1  h.p.  per  square  foot  of  engine-room 
floor  space  was  an  average  figure.  The  boiler-house  was,  as  a 
rule,  a  one-storey  building,  and  an  evaporation  of  141bs.  of 
steam  per  square  foot  of  boiler-house  floor  space,  or  4 2 lbs.  per 
square  foot  of  boiler  floor  space,  was  the  steaming  capacity. 
This  was  considered  a  good  average  figure.  The  boilers  were 
hand-fired  and  the  coal  store  was  the  floor  in  front  of  the  boiler 
or  a  buiikei'  in  front  of  and  practically  on  the  same  level  as  the 
boiler.  All  ashes  had  to  be  removed  by  hand  on  to  the  boiler- 
house  floor  or  direct  into  hand-barrows,  to  be  wheeled  away  at 
any  convenient  time. 

A  few  years  later,  when  it  began  to  be  recognised  that  the 
supply  of  electrical  energy  for  power  purposes  was  an  economic 
possibility  and  larger  stations  were  being  erected,  the  power 
per  square  foot  of  engine-room  space  per  horse- power  was  not 
seriously  increased,  as  condensing  engines  were  installed,  and 
the  space  required  for  condensers  increased  the'  size  of  the 
engine-room  and  increased  the  total  space  occupied  by  the 
steam -using  plant.  Larger  boilers  were  used,  but  economisers 
were  then  installed,  and  these  were,  as  a  rule,  on  the  boiler- 
house  floor  level,  and  the  evaporation  per  square  foot  of  boiler- 
house  space  was  not  seriously  increased. 

The  further  growth  in  the  demand  for  electric  energy,  the 
much  improved  load  factor,  and  the  introduction  of  the  iise  of 
the  steam  turbine  for  the  driving  of  electric  generators  about 
the  year  1904,  brought  about  a  distinct  change  in  the  relative 
space  required  for  engine-room  plant  and  boiler-house  plant. 
The  turbine-room  came  to  consist  of  a  two-storey  building,  the 
condensers  being  on  the  ground  Hoor  or  basement  floor,  and 
the  turbo-generators  on  a  floor  above.  Instead  of  having 
1  h.p.  per  square  foot  of  engine-room  floor  space,  we  have 
to-day  turbine-rooms  with  5  h.p.  per  square  foot,  and  in  designs 
for  new  power  stations,  using  15,000  kw.  to  30,000  kw.  sets,  this 
figm'e  may  go  up  to  20  h.p.  ]>er  square  foot  of  engine  or 
turbine-room  floor  space.  With  this  enormous  increase  of 
power  per  square  foot  of  turbine-room,  changes  in  boiler-house 
design  are  absolutely  imperative,  particularly  in  the  lay-out  of 
the  boilers,  otherwise  the  space  occupied  by  the  boiler-house 
will  be  out  of  all  proportion  to  the  S])aoe  allotted  to  the 
turbine-room. 

It  is  now  recognised  that  even  with  improvements  in  boiler- 
house  design,  where  very  large  turbo-generators  are  in  use, 
every  pair  of  such  sets  requires  a  separate  boiler-liouse. 
Several  present-day  power-houses  have  an  evaporation  of  501hs. 
of  water  from  and  at  212。  Fah.  per  square  foot,  of  ground  space 
occupied  by  the  boilers,  but,  it  is  possible  with  improved  design 
the  boiler-house  plant  to  approach  an  evaporation  of  lOOlhs. 
from  and  at  212。  Fall,  per  square  foot  of  the  ground  space 

•  Abstract  of  papei  read  before  the  Incorporated  Municipal  Electrical  Associa- 
tion. June  22nd,  19】6. 

卞 Engineer  and  Maua^ier,  Glasgow  Corporation  Electricity  Department. 


actually  occupied  l)y  the  hoilcrs.  We  therefoi <•  tiiid  1  hat  wliilo 
t  he  enpine-rooiii  floor  space  and  ( ho,  Ixjiler  house  floor  space 
were  20  years  ago  about  equal,  and  reinaiiied  ho  even  for 
10  years  thereafter,  to-day  in  a  lar^o  inotleni  generating  station 
the  groiuid  space  occupied  by  the  boifer-liouse  is  from  1  ^  to 
2 A  tiiiK^s  the  spare  occupied  by  the  tui'hiiie-ioom. 

Tlie  (i rst  consideration  is  to  ensure  1  he  (naxiriiurn  giate  area 
per  squa re  foot  of  l)()iler-h<)use  floor  s}>ace,  and  it  appears  that 
l)uniin*^  coal  with  natural  or  ind need  draught  at  from  25 lbs. 
to  per  square  i'oot  of  grate  area  there  is  a  limit  to  tlie 

iiiaxiiiiiuii  possible  coni  iiiuouH  output  ])er  square  foot 
of  grate  area,  and  that  consequently  t liere  is  a  limit 
to  the  inaxiinimi  power  per  square  fool  of  boiler- 
house  floor  space.  Arranging  the  boilers  and  economisers  all 
on  one  floor  practically  doubles  the  area  of  the  boiler-house  ； 
and  in  a  modern  boiler-house  anything  which  adds  to  t.lie  area 
is  to  be  avoided  wherever  possible.  It  is  in  fact  now  recognised 
that  a  modern  boiler-house  should  consist  cf  three  storeys  at 
least :  the  basement  or  ground  floor  containing  ash-liaiidling 
plant,  the  second  floor  containing  the  boilers  proper,  and  the 
third  or  upper  floor  containing  econornisers  and  coal- 
conveying  machinery  and  probably  coal  storage  in  the  form  of 
overhead  hoppers  above  the  boilers.  Draught  fans  may  be 
placed  oil  any  one  of  the  three  floors. 

The  question  of  chimneys  and  chimney  draughts  is  by  no 
means  settled,  but  in  stations  where  boilers  of  50,0001bs.  capa- 
city are  installed  it,  is  necessary  to  erect  a  separate  chimney 
for  each  boiler  or  each  pair  of  boilers.  One  is  practically  com- 
pelled to  adopt  steel  in  piefei'enre  to  brick  for  chimneys  in  a 
modern  boiler-house,  as  with  steel  the  chimney  can  be  erected 
f rom  the  third  floor,  on  which  the'  economisers  are  placed, 
whereas  if  brick  is  used  foundations  have  to  be  laid  on  the 
basement  or  ground  floor  and  the  structure  continued  to  the 
third  floors,  at  which  point  only  it  com€s  into  useful  commis- 
sion. The  brick  chimney  foundations  and  superstructure  up 
to  the  second  floor  simply  mean  a  waste  of  valuable  space  and 
a  mass  of  brickwork  which  serves  no  useful  purpose. 

It  is  desirable  not  only  to  deal  with  ashes  ejected  from  the 
boilers,  but  also  to  deal  with  riddliiigs  and  any  semi-burned 
fuel.  These'  ricldlings  have  to  be  returned  to  the  coal-convey- 
iiig  plant  and  thence  to  the  overhead  coal-hoppers,  so  as  to  be 
used  again  in  the  furnace. 

The  necessity  for  concentration  of  power  has  made  the 
water-tube  boiler  indispensable  for  the  modern  power-house. 
The  evaporative  capacity  of  any  boiler  depends  upon  the  grate 
area,  or,  in  other  words,  the  quantity  of  coal  which  can  be 
burned  underneath  it,  and  consequently  the  maximum  con- 
centration of  power  is  obtained  when  the  whole  of  the  generat- 
ing and  recuperating  surface  is  assembled  directly  over  the 
grate.  Even  with  this  type  of  plant  the  assembling  of  the 
heating  surface  over  the  grate  area  is  undergoing  modifications 
in  order  thai  the  highest  possible  evaporation  per  square  foot 
of  ground  space  may  be  obtained. 

The  space  actually  occupied  by  boilers  at  present,  with  the 
necessary  passages  l)et ween,  does  not  as  a  rule  exceed  33  per 
cent,  of  the  total  boilor-house  floor  space,  and  of  this  33  per 
cent,  the  grate  area  only  accounts  for  one-half. 

Let  us  consider  the  case  of  a  boiler-house  which  has  to 
Slip  ply  steam  to  two  15,000  kw.  sets.  The  steam  required  for 
each  set,  will  amount  to  between  180,0001bs.  and  200,0001bs.  of 
superheated  steam  per  hour.  This  steam  under  modern  con- 
ditions would  be  supplied  by  four  boilers,  each  capable  of 
generating  50,0001bs.  of  steam .  Each  boiler  will  require  to 
burn  at  least  7,0001bs.  of  coal  per  hour,  depending  upon  the 
calorific  value  of  the  coal.  This  means  that  grates  of  250  sq.  ft. 
to  270  sq -  ft.  will  be  necessary.  A  grate  area  of  250  sq.  ft. 
means  that  each  boiler  will  actually  occupy,  with  passa^jos 
between,  about  500  sq.  ft.,  eight  boilers  will  require  4,000  sq.  ft" 
ami  the  boiler-house  will  have  a  floor  area  of  12,000  sq.  ft. 

From  what  has  been  said  it  is  clear  that  increasint^  the  size 
of  the  boiler  unit  will  not  of  itself  seriously  increase  the  power 
per  square  foot  of  floor  space.  Twenty  years  ago  water-tube, 
boilers  of  4,000  sq.  ft.  to  6.000  sq.  ft.  heating  surface  were 
considered  laro^e.  To-day  boilers  are  made'  with  a  heating 
surface  from  10,000  sq.  ft.  to  20.000  sq.  ft.  In  Detroit  five 
boilers  each  with  over  '20,000  sq .  ft.  heating  surface  are  in  use. 

The  plan  of  installing  boilers  (apart  from  economisers)  on 
two  floors  out^lit  only  to  be  adopted  where  i  he  exigencies  of  the 
site  render  such  an  arrane-ement  inevitable  ；  that  is  to  say, 
where  land  iy  dear  or  where  local  building  regulations  limit  the 
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dimensions  of  buildings  in  certain  areas.  In  the  new  station 
of  the  United  Electric  Light  and  Power  Company  at  201st 
Street,  New  York  (notwithstanding  that  this  district  is  a 
suburb  of  New  York)  the  company  have  been  forced  to  adopt 
the  flatted  arrangement  for  their  boiler-house  in  order  to 
comply  with  city  requirements. 

The  boiler-house  must  no  longer  be  a  stokehold  with  an 
atmosphere  of  grime  and  dust  and  dirt.  It  should  be  designed 
to  admit  of  an  ample  supply  of  natural  daylight.  This  is 
manage<l  by  placing  the  boilers  back  to  back  instead  of  face  to 
face,  with  a  firing  floor  down  each  side  instead  of  down  the 
middle  bet  ween  the  two  rows  of  boilers.  Light  can  then  be 
had  from  windows  in  the  side  walls  as  well  as  from  the  roof. 
This,  however,  means  a  larger  floor  area  and  a  space  between 
parallel  boiler-houses,  and  further  increases  the  ground  area 
occupied  bv  the  power  station.  Adequate  daylight  can  be  got 
from  roof  lights  with  proper  design  of  the  roof. 

There  is  still  a  tendency  to-day  to  construct  the  combustion 
chamber  of  bailers  much  too  small.  A  combustion  chamber 
should  be  of  such  dimensions  as  to  allow  ample  space  for  com- 
plete combustion  taking  place  and  the  products  of  combustion 
thoroughly  mixing  before  coming  on  to  the  heating  surface. 
The  author  finds  that  the  older  boilers  had  2  cub.  ft.  to 
2i  cub.  ft.  of  combustion  chamber  per  square  foot  of  grate 
area.  To-day  similar  boilers  have  5  cub.  ft.  of  combustion 
chamber  per  square  foot  of  grate  area.  The  Detroit  boilers 
before  referred  t'o  have  9  cub.  ft.  per  square  foot  of  grate  area, 
and  it  is  generally  conceded  that  this  fact'  is  very  largely 
responsible  for  the  high  efficiency  of  these  boilers  at  widely 
varying  loads. 

It  is  not  necessary  to  enter  into  the  details  of  the  usual 
fittings  of  boilers,  such  as  safety  valves,  high  and  low  water 
alarums,  dial  steam -pressure  gauges  and  miscellaneous  valves  : 
but  it  may  be  said  that  the  equipment  of  a  modern  boiler 
should  include  two  draught  gauges.  One  of  these  should  show 
the  difference  in  pressure  between  the  combustion  chamber  and 
the  outlet  from  the  boiler,  i .e.、  the  difference  in  pressure  across 
the  boiler  elements.  This  will  be  a  measure  of  the  flow  of  the 
gases  through  the  boiler  and  will  indicate  when  a  boiler 
requires  cleaning.  The  second  draught,  gauge  should  show  the 
clifTerence  of  pressure  between  the  ash-pit  and  the  outlet  of  the 
boiler.  This  second  gauge  will  always  read  higher  than  the 
first,  and  the  difference  is  obviously  a  measure  of  the  draught 
through  the  fire.  Steam- flow  meters  are  as  necessary  on 
boilers  as  an  ammeter  is  on  a  generator,  as  they  indicate  what 
each  boiler  is  doing,  and  whether  all  the  boilers  are  doing  their 
fair  proportion  of  the  work.  One  or  more  CO^  recorders  have 
been  for  some  years  installed  as  part  of  boiler-house  equipment, 
and  these  are  found  to  be  a  valuable  adjunct,  as  they  are  an 
index  of  the  working  efficiency  of  the  boiler-house.  A  word  of 
warning,  however,  is  required  against  assuming  that  high  CO^ 
always  means  high  efficiency.  There  may  be  a  large  quantity 
of  CO  present.  There  should  be  thermometers  or  pyrometers 
with  dial  face  on  every  boiler,  giving  the  temperature  of  the 
superheated  steam  leaving  the  boiler,  also  the  temperature  of 
the  gases  at  the  danijier. 

With  boilers  of  the  size  under  discussion,  steam  piping 
should  })e  carried  from  each  boiler  or  pair  of  boilers  to  a  steam 
drum  or  receiver  placed  on  the  boiler-house  floor  or  basement 
floor  adjacent  to  the  wall  between  the  boiler-house  and  the 
turbine-rooin.  This  Hrraiigeinent  is  preferable  to  one  large 
steam  header.  From  the  steam  receiver  a  steam  pipe  is  led  to 
a  turbine  and  another  pipe  to  the  next  receiver,  so'  as  to  give 
interchai?ge  of  steam  from  one  set  of  boilers  to  another  when 
required. 

We  may  at  an  early  date  see  an  increase  in  the  boiler  pres- 
sure from  1  eO.lbs.  and  2001bs.  to  2501bs.  Tlie  Coninionwealth 
Edison  Company,  of  Chicat^o,  worked  the  boilers  in  tlieir  Fiske 
Street  station  at  2001bs.  until  1907,  when  they  adopted  2251bs. 
at  their  Quarry  St  reel  station,  ami  in  1910  they  adopted 
2501bs.  at  their  North- West- station. 

A  station  of  50,000  kw.  capaciiy  and  burning  200,000  tons 
of  coal  per  annum  requires  coal-haiullint^  facilities  for  a  supply 
of  1.000  tons  of  coal  per  day,  togetlier  with  facilities  for  the 
handlin^^  of  ashes  to  the  extent  of  1 00  tons  per  day.  This 
means  a  railway  siding  capable  of  holdinor  from  100  to  120  full 
trucks,  and  probably  another  siding  of  equal  dimensions  to 
hol(】  the  empty  trucks.  The  provision  of  an  adequate  railway 
siding  is  therefore  a  costly  adjunct  in  the  lay-out  of  a  large 
power  house  owing  to  the  serious  addition  to  the  sit©  which  it 


entails.  The  length  of  railway  sidings  for  a  50,000  kw.  station 
would  116 1  be  less  than  half  a  mile,  or  an  addition  to  the  site 
equivalent  to  4,400  sq.  yards.  The  wagons  have  to  be  tipped 
and  coal-conveying  plant  has  to  be  provided  capable  of 
handling  100  tons  per  hour.  Coal-breaking  machinery  should 
be  installed,  for  while  we  have  in  the  past  been  in  the  habit  of 
using  small  coal,  circunistaiioes  may  in  the  near  future  render 
it  economical  to  buy  and  break  larger  coal.  This  question, 
however,  brings  in  the  whole  question  of  mechanical  stokers, 
and  that  subject  would  require  a  paper  to  itself. 

Large  coal  storage  accommodation  is  advisable  and  will 
prove  economical.  Not  less  than  from  two  to  four  months' 
fuel  supply  should  be  retained.  This  marginal  stock  enables 
coal  to  be  delivered  in  fairly  regular  quantities  throughout  tlie 
year  and  may  result  in  lowering  coal  prices.  The  height  or 
depth  at  which  coal  can  be  stored  depends  upon  the-  class  of 
coal,  and  the  best  method  of  storing  coal  is  still  undecided. 
The  cost  of  lifting  coal  from  canal  barges  or  from  trucks,  and 
placing  it  overhead  in  coal-hoppers  or  in  the  coal  store,  is  a 
small  item  in  the'  total  】)rice  of  coal.  In  one  Glasgow  station 
we  have  a  coal  transporter  fitted  with  a  1-ton  grab.  This 
transporter  cost  .£2,600,  and  it  handles  coal  at  the  rate  of 
40  tons  per  hour,  and  the  cost  of  energy,  labour,  and  repairs  on 
it  brings  the  cost  of  handling  coal  in  this  way  to  just  under 
Id.  per  ton.  In  another  station  truck-loads  of  coal  are 
elevated  30ft.  at  one  end  of  the  coal  store  to  an  overhead  plat- 
form, whence  the  coal  is  tipped  into  an  overhead  hopper  or  to 
the  coal  store,  and  the  empty  trucks  lowered  by  a  second 
elevator  at  the  other  end  of  the  coal  store.  These  two 
elevators,  complete  with  electrically-operated  capstans,  cost 
£2,000.  The  inclusive  cost  of  handling  coal  in  this  way  is 
3]d.  per  ton,  the  higher  cost  being  due  to  the  amount  of 
labour  necessary  for  handling  the  trucks.  These  figures  are 
conclusively  in  favour  of  the  grab  and  transporter.  Where 
coal  has  to  be  carried  a  short  distance  from  coal  store  to  boiler- 
house,  bucket  or  tray  conveyors  appear  to  be  the  right  thing. 
On  the  other  hand,  for  longer  distances,  the  telpherage  system 
works  out  slightly  cheaper,  although  the  human  element,  with 
its  attendant  problems,  enters  more  largely  into  the  telpherage 
system. 

For  the  removal  of  ashes,  bucket  conveyors  have  proved  to 
be  costly  in  upkeep  on  account  of  the  wear  of  the  axles  and 
pulleys,  caused  by  the  fine,  hard  grit  of  ash  dust;  but  even 
with  this  drawback,  bucket  or  tray  conveyors  seem  to  be  the 
cheapest  method  of  removing  ashes.  Suction  ash  plant  is 
finding  much  favour  on  account  of  the  absence  of  moving  parts 
in  its  design,  but  the  capital  cost  is  very  much  greater  (about 
three  times)  than  that  of  bucket  conveyors.  Suction  plants 
have  not  yet  Jyeen  long  enough  in  use  to  warrant  any  definite 
pronouncement  being  made  as  to  the  repair  bill.  The  cost  for 
operating  suction  ash  plant  works  out  at  about  5d.  jyer  ton 
handled,  with  energy  at  Id.  per  Board  of  Trade  unit.  Suction 
plant  is  now  inade  to  do  other  work.  It  can  be  constructed  for 
the  purpose  of  elevating  riddlings  and  small  unburned  fuel  to 
a  hopper  or  tank  over  tlie  coal-conveyiiig  plant.  It  can  also 
be  made  suitable  for  the  removal  of  soot  from  economiser  soot 
chambers  and  flue  dust  from  the  base  of  the  chimneys.  The 
efficiency  of  the  ordinary  vacuum  cleaner  is  well  known,  and 
it  appears  that  suction  plant  should  he  quite  successful  for  thfj 
handling  of  this  lighter  material.  The  atmosphere  in  which 
all  these  operations  are  carried  on  is  greatly  improved  by  the 
action  of  the  vacuum  plant. 

A  modern  boiler-house  calls  for  comparatively  large  over- 
head ash  storage,  from  which  ashes  can  be  dropped  into  wagons 
or  other  vehicles  for  their  removal  to  a  coup.  The  rein  oval 
and  disposal  of  ashes  is  becoming  a  serious  matter.  A  few 
years  a^o  ashes  had  a  market  value  and  we  could  get  as  much 
as  4d.  or  5d.  a  ton  for  them.  Then  a  time  came  when  we  were 
glad  to  get  rid  of  them  free  of  charge.  To- day  we  have  diffi- 
culty in  getting  the  ashes  from  our  stations  carted  away  at 
2s.  a  ton,  paid  to  the  carting  contractor  who  undertakes  their 
removal.  It  has  been  suggested  that  it  would  pay  the  large 
electrical  undertakings  to  pxircliase  3 -ton  or  5 -ton  electrically- 
])ro])ellecI  wagons  for  the  removal  of  ashes,  especially  where 
convenient  railway  facilities  are  not  available. 

Coal-weighiiio;  riiachinery  for  eacli  boiler  or  group  of  boilers 
is  absolutely  necessary  if  proper  records  are  to  be  made  of  the 
boiler-house  efficiency.  It  should  always  be  possible  to 
asoertain  the  amount  of  coal  used  in  each  8-hour  shift  and  at 
the  end  of  each  week  or  month,  so  that  the  coal  used  per 
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kilowatt -hour  gtMierat^l  may  be  ascerlaiiiablo.  Those  woii^li- 
ing  maohinos  should  preferably  be  fixed  belwoon  the  overhoad 
ami-hopper  and  tlie  boil(M*  stoker,  hut  some  stations  in  America 
have  ； I  travel liiii^  o;antrv,  liUed  with  a  weighing  machine  at. 
each  eml,  the  i^antry  travelling  along  the  whole  length  of  the 
boiler-liouso  hetwtHMi  two  rows  of  boilers.  The  duty  of  the 
operator  on  tins  gantry  is  to  move  up  and  down  the  boiler- 
house  and  to  weigh  out  regularly  to  each  boilor  a  pmletor- 
iiiineci  amount  of  Fuel. 

Feed  piimps  may  either  be  of  the  direct-acting  type  or 
centrifugal,  althoui^li  experience  with  the  former  is  so  good 
and  repairs  so  low  that  it  will  be  difficult  to  displace  tliein. 
The  total  ooiuiensate  from  the  turbine- rooiii  condensers  should 
be  measured  by  a  Lea  or  other  water  recorder,  ami  this  sliouUI 
have  an  integrating  attachnieiit. 

Having  ascertained  the.  amount  of  coal  used  and  having 
measured  the  condensate,  we  can  get  the  amount  of  water 
evHixjrated  per  pound  of  coal  used .  No  very  great  increase  in 
the  efficiency  of  steam  boilers  can  he  looked  for.  The  heat 
balance  of  many  of  the  steam  plants  in  operation  at  the  present 
dav  is  as  follows  ： —— 

Heat  absorbed  by  boilers    78  per  cent. 

Heat  lost  in  flue  gases    15*5  ，， 

Heat    lost   in    radiation    and  un- 
accounted for    6*5  ，， 

That  is  to  say,  the  total  loss  on  which  any  reduction  can  take 
place  is  22  per  cent.,  but  it  is  only  a  small  proportion  of  this 
figure  which  can  be  attacked  with  a  view  to  lowering  it.  It 
would  be  doing  negative  work  to  discharge  the  gases  from  a 
boiler  at  a  temperature  lower  than  that  of  the  water  in  the 
boiler. 

An  evaporation  of  41bs.  of  water  per  square  foot  of  heating 
surface  in  the  boiler  was,  until  recently,  considered  standard 
practice,  but  to-day  water-tube  boilers  are  designed,  in  con- 
junction with  special  econoniisers,  to  evaporate,  at  the  rate  of 
61bs.  nornial  load,  and  at  overload  81bs.  and  even  lOlbs.  per 
square  foot  of  heating  surface  of  the  boiler.  The  heating  area 
in  most  water-tube  land  boilers  is  of  the  order  of  50  times 
that  of  the  grate  area.  With  such  proportions  the  general 
practice  is  to  emit  the  gases  from  the  boilers  at  a  temperature 
500。  to  550。  Fah.,  i.e.,  from  100。  to  150^  Fah.  above  the 
temperature  of  the  steam  at  the  boiler  working  pressure.  The 
proj>ortion  of  heating  surface  in  econonuser  to  heating  surface 
in  boiler  varies  in  nearly  every  station,  but  the  figure  of  35  per 
cent,  may  be  taken  as  a  fair  average.  With  such  a  propor- 
tion, allowing  for  heat  drop  in  flues,  the  gases  at  the  outlet  to 
the  chimney  will  have  a  temperature  of  from  325。  to  350'  Fah., 
and  the  economiser  will  have  utilised  about  7  per  cent,  of  the 
heat  of  the  gases  emitted  from  the  boiler.  The  inlet  water  to 
the  economiser  from  the  hot-well  will,  with  present -clay  prao 
tice,  be  raised  to  a  temperature  of  SOCT  or  220"  Fall.  Until 
recently  the  evaporation  per  square  foot  of  heating'  surface  of 
boiler  and  economiser  combined  was  therefore  roughly  3 lbs. 
per  square  foot  of  heating  surface.  Modern  practice  tends  to 
diminish  the  heating  surface  in  the  boiler  from  50  times  the 
grate  area  to  35  times  the  grate  area  and  to  increase  the  area 
of  the  economiser  to  80  per  cent,  of  that  of  the  boiler  heating 
surface.  The  result  is  to  put  up  tliei  evajiorntioii  of  tlie  boiler 
at  overloads  to  81bs.  per  square  foot  of  heating  surface,  and 
the  temperature  of  the  gases  now  emitted  from  the  boiler  is 
considerably  raised,  being  about  650。  Fah.  The  heat,  how- 
ever, is  taken  u]>  in  tlie  economiser  and  the  teniperatu re  of  tJie 
feed  water  to  the  boiler  is  considerably  increased.  The  net 
result  is  that  we  get  an  evaporation  of  4Mbs.  ])er  square  foot  of 
heating  surface  of  boiler  and  economiser  combined.  The  over- 
head economiser  is  suitably  proportioned  to  give  the  very 
highest  combined  efficiency.  Boiler  plants  arranged  in  this 
way  probably  give  a  higher  efficiency  than  was  the  case  with 
previous  designs,  inasmuch  as  the  radiation  losses  are  less  and 
the  loss  between  the  boiler  and  the  ecoiioriiiser  is  reduced  to  an 
absolute  minimum.  The  modern  tendency  is,  therefore,  to 
supply  feed  water  to  boilers  at  a  temperature  as  near  as 
possible  to  the  temperature  of  the  water  already  in  the  boiler, 
and  the  boiler  simply  adds  latent  heat  and  superheat  to  the 
steam.  Each  boiler  has  its  own  economiser  and  the  eronoiniser 
is  really  an  integral  part  of  the  boiler  unit. 

An  electric  power  station  is  simply  a  factory  for  the  conver- 
sion of  the  chemical  energy  in  coal  into  electrical  energy.  Coal 
is  therefore  the  raw  material  of  the  factory  ；  and  as  the  final 


|m> 山 i("，  alike  as  regards  reliability  and  price,  depeiuls  first  and 
last,  upcjii  tin  (jiiality  aiul  the  rof^ularity  of  t he  supply  of  coal, 
i  lio  select  ioM  ； uui  purchase  of  fuel  are  rnaliers  of  tlie  most  vital 
importance.  The  selection  and  purchase  of  fuel  is  a  (|uest ioti 
iiH*  urally  dependent  upon  the  ^ideographical  position  of  t lie  site 
relative  to  the  nearest  coalfields,  and  upon  t lie  nature  of  the 
load.  Power  stations  near  the  coalliehls  can  use  low-grade 
fuel  witli  resultant  saving  in  the  coal  hill,  whereas  it  is  often 
more  economical  t o  use  high-grade'  luel  in  stations  rf^rnote  from 
the  coalfields,  as  the  same  I'roit^lit  lias  to  he  paid  for  ash  as  for 
carbon. 

The  kind  of  fuel  also  (leppmls  upon  t li e  nature  of  the  load, 
as  it  is  a  recognised  fact  that  a  hii^'lier  overload  duty  can  be 
ol)taiiiecl  from  a  boiler  iired  wit li  good-quality  coal  with  a  given 
d l  aiight  than  can  be'  got  wil  li  low-grade  fuel.  If  a  station  lias 
a  purely  lighting  load,  and  consequently  a  low  load  factor,  a 
larger  number  of  reserve  boilers  with  their  resultant  radiation 
losses,  &c.，  have  to  be  kept  under  steam  to  meet  any  sudden 
peak  loads  than  would  be  the  case  in  a  power  station  where  the 
load  is  chiefly  for  power  purposes,  and  consequently  the  load 
factor  is  high.  In  the  former  case  it  is  often  more  economical 
to  use  the  best  coal,  because,  with  the  higher  overload  thus 
mad©  possible,  the  number  of  spare  boilers  can  be  kept  down 
to  a  minimum. 

It  is  now  almost  universal  practice  to  buy  fuel  on  a  calorific 
basis,  but  it  must  always  be  remembered  that  along  with 
calorific  value  and  analysis  there  are  to  be  taken  into  account 
physical  properties.  For  instance,  two'  samples  of  coal  may 
show  an  approximately  similar  calorific  value  figure  and  pre- 
sent wide  differences  of  behaviour  in  the  furnace.  Actual 
boiler  tests  must  therefore  be  made  with  sample  truck-loads  of 
coal  if  the  best  and  most  economical  selection  is  to  be  made. 
Anthracite  coal  with  very  high  calorific  value,  will  only  burn 
economically  at  the  rate  of  81bs.  to  lOlbs.  per  square  foot. 

1  would  certainly  not  advocate  a  slavish  adoption  of  the 
calorific  value  basis  in  the  purchase  of  coal,  for  the  simple 
reason  that  coal  is  not  a  manufactured  article,  but  a  natural 
product,  and  if  we  are  to  hold  the  colliery  owner  or  his  agent 
responsible  for  its  calorific  value,  he  will  undoubtedly,  and 
quite  properly,  cover  himself  by  increasing  the  price  accord- 
ingly ； whereas  if  the  coal  contractor  is  not  tied  down ,  the 
eustonier  is  sharing  the'  risk  inseparable  from  a  natural  pro- 
duct. The  contractor  can  be  and  should  be  generally  tied 
down  to  supply  from  particular  pits.  In  the  Glasgow  Cor- 
poration Electricity  】）epai'ti"ent.  the  calorific  value  of  the 
different  kinds  of  coal  offered  is  judged  by  the  previous  year's 
ex]>erience,  and  if  any  particular  kind  of  coal  as  delivered  is 
below  our  previous  year's  experience  of  it,  then  that  coal  has 
a  decreased  figure  of  value  allotted  to  it  against  the  time  when 
next  it  will  be  again  offered. 

A  practical  test  in  a  boiler  specially  equipped  for  the 
purpose  is  a  very  reliable  guide  to  calorific  value.  The  results 
of  such  tests  should  be  reduced  to  a  common  basis.  A  good 
unit  of  comparison  is  the  cost  of  evaporation  of  l,0001bs.  of 
water  from  and  at.  212''  Fah.,  or  the  luimber  of  pounds  of 
water  evaporated  for  a  pennyworth  of  coal,  including  coal 
and  aali  liandlino^,  which  varies  with  the  quality  of  the  coal. 
It  is  usual  to  express  the  coal  economic  result  for  the  whole 
station  in  ])oiuk1s  of  coal  per  kilowatt-hour  generated  at  the 
switchboard,  but  as  this  must  obviously  vary  with  the  calorific 
value  of  the  coal  and  the  steam  consum ptioii  of  the  engine  or 
turbine  plant,  the  better  unit  to  use  for  general  comparison  is 
the  British  thermal  unit  per  watt-lioiir,  /■〜 

pounds  of  coal  per  unit  x  B.Th.U.  in  coal  as  fired 
1,000 

Even  this  is  not  perfect,  as  it  does  not,  allow  for  the  variation 
in  load  factor  between  different  power  stations,  but  it  does 
ena])le  comparisons  to  be  made  irrespective  of  variations  in 
calorific  value.  In  the  two  Victoria  Falls  power  stations  the 
economic  result  obtained  in  the  way  proposed  gave  in  one 
station  27  B.Th.U.  per  watt-hour  and  in  another  26  B.Th.U. 
Both  of  these  stations  had  very  high  load  factors,  whereas  in 
many  of  the  London  stations,  where  the  lighting  load  is  pre- 
dominant, the  average  result  is  in  the  neighbourhood  of 
40  B.Th.U.  per  watt-hour.  Daily  samples  of  coal,  as  delivered, 
should  be  sent  to  the*  laboratory  of  the  undertaking-  for 
calorific  analysis.  An  assistant,  working  with  a  bomb  calori- 
meter, can  test  12  samples  a  day  working  from  9  to  1  and  from 

2  to  5  o'clock.    These  tests  are  recorded  in  a  coal  test  book 
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for  reference.  As  the  results  of  tests  obtained  by  any  or  all  of 
the  methods  above  referred  to  are  tabulated  and  arranged,  an 
index  of  the  pits  in  the  coalfield,  from  which  the  fuel  supply  is 
mainly  or  wholly  drawn,  can  be  compiled,  and  coal  prices  as 
received  can  be  equated  on  a  calorific  value  basis. 

An  interesting  experiment  has  been  carried  out  in  one  of 
the  Glasgow  gas  works  recentlv.  Gas-coke  breeze  or  gas-coke 
riddliiii^s  were  burned  successfully  on  chain-grate  stokers  with 
forced  dniiight.  A  special  form  of  arch  had  to  be  built.  This 
breeze  can  be  bought  at  20  per  cent,  the  price  of  coal  and  it 
has  a  calorific  value  of  at  least  60  per  cent,  of  coal.  There  is 
a  large  amount  of  ash,  but  the  experiment  went  to  show  that 
with  intelligent  superintendence  good  lesults  could  be  obtained 
with  this  class  of  fuel,  although  the  actual  output  of  the  boiler 
was  considerably  reduced. 

With  regard  to  the  whole  question  of  fuel,  exjjerieiioe  seems 
to  show  that  it  is  ]ireferable  to  buy  the  best,  for  while  good 
results  may  be  obtained  with  inferior  fuel,  careful  and  con- 
st an  t  attention  to  the  fi res  is  necessary  with  such  fuel,  whereas 
with  first-quality  fuel  very  little  attention  is  required. 

Twenty  years  ago  a  fireman  in  a  generating  station  was 
truly  a  fireman.  Stripped  to  the  waist,  he  had  in  many  cases 
to  lift  every  pound  of  coal  from  the  floor  level  to  the  furnace 
door.  He  had  to  be  cojitinuallv  opening  and  shutting  fui  nace 
doors  and  stirring  up  the  fire.  At  regular  intervals  he  had  to 
bear  excessive  heat  and  noxious  fumes,  removing  ashes  from 
the  furnace,  which  had  thereafter  to  be  wheeled  away  or 
shovelled  direct  into  carts.  It  was  no  uncommon  thing  in 
such  a  boiler-house  to  have  the  fireman  boasting  that  he  had 
tackled  the  load  with  three  boilers,  whereas  he  might  have 
saved  both  labour  and  fuel  by  having  four  boilers  going. 

All  this  has  been  or  will  soon  be  changed.  The  firing  of 
the  boiler  is  now  done  by  operating  a  rope  or  a  lever.  A  fire 
has  rarely  to  be  stirred  or  inirsed  in  any  way  except  by  the 
adjustment  of  dampers  and  rate  of  feed.  The  substitution  of 
mecliaiiical  and  electrical  machinery  for  hand  labour  naturally 
led  to  the  substitution  of  the  boiler-house  engineer  for  the 
aforetime  fireman.  A  competent,  boiler-house  engineer  is  an 
indispensable  adjunct  to  the  boiler-house  staff,  and  the  man 
who  knows  his  business  can  easily  earn  the  substantial  salary 
whicli  he  can  command  in  this  capacity.  He,  of  course,  trains 
his  own  labourers,  but  the  human  element  should  be,  and  is 
being,  cut  down  as  far  as  possible. 

Everything  possible  should  he  done  to  obviate  wastage  of 
the  heat  value  of  coal  in  the  boiler-house  before  the  steam 
reaches  the  turbine.  Many  opportunities  for  waste,  and  con- 
sequently opportunities  for  devising  ways  and  means  to  avoid 
waste,  are  still  present  in  the  boiler-house.  In  the  present 
paper  the  possibilities  of  further  improvement  have  been 
indicated  as  regards  space,  material,  heat,  labour,  and  time; 
and  the  sum  total  of  the  saving  which  would  accrue  even  from 
the  partial  elimination  of  present  waste  under  these  various 
heads  would  represent,  a  considerable  proportion  of  the  total 
charges  on  revenue  in  a  large  electricity  supply  undertaking. 
A  saving  of  1  per  cent,  in  the  coal  bill  of  the  Glasgow  Corpora- 
tion Elect  ricitv  Department  would  this  year  represent  a  sum 
of  £2,000.  ' 

It  is  only  in  recent  years  that  we  have  come  to  realise  the 
meaning  ami  the  value  of  a  pound  better  steam  cousuinption 
in  a  steam  tm'H"e.  We  now  put  a  money  value  on  stoain  cou- 
siirn])tion  per  A.  th  of  a  ];ound  and  stipulate  for  heavy  jieiialties 
in  the  event  of  failure  to  coniply  with  guaranteed  consumption 
after  allowin^^  a  tolerance  of  2i  per  cent.  With  an  equipinent 
such  as  has  just  been  described,  weekly  returns  can  be  prepared 
giving  all  the  particulars  any  manager  wants  to  satisfy  him- 
self that  the  plant  is  bein^  properly  handled  and  is  doine^  its 
work  efTK'ieiitly-  Turbiiie-room  data  being  also  available,  a 
weekly  sheet  showing  riuining  statistics  may  be  easily  made 
out. 

Recentlv  in  the  "  New  York  Electrical  World  '，  (April  8th, 
1916)，  a  short  but  exceedingly  interesting  description  was 
eiven  rf  methods  of  liandlin*;  boilers  in  a  100,000  kw.  station. 
This  rftferred  to  the  boiler  plant  in  the  ('  L  "  station  of  the 
Edison  Electric  Illuniinatiiie  Coiiipany  at  South  Boston.  The 
efHtorial  referrivf^  to  the  article  says:  "It  is  evident  in  this 
rmitral  st-ition  that  the  electrical  end  of  the  establishment 
lias  no  monopoly  of  scientific  niaiiat^enient,"  and  continues  that 
" the  liberal  use  of,  recordint;  inst nnnents  in  the  steam  end  of 
the  station  and   i lio  oontinuous  export  study  of  oppratioiis 

.         ？ I  re  all-iniportant  factors,"    The  engineer  in  cliar^e 
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of  the  boiler-house  is  expected  to  maintain  the  highest  effici- 
ency possible  with  an  economical  expenditure  of  time  and 
labour.  In  this  station,  containing  48  boilers,  they  have 
36  steam-flow  meters,  40  draught  gauges,  2  furnace  indicators, 
1  CO 2  recorder,  2  coal  scales,  and  1  load  indicator.  In 
American  stations  generally  considerably  more  attention  is 
now  being  given  to  boiler-house  economy,  no  doubt  due  to  the 
increasing  price  of  fuel.  The  workmen  in  the  boiler-house  are 
educated  to  interpret  the  various  gauges  and  recording  instru- 
ments, and  encouraged  to  take  an  interest  in  improving  con- 
ditions. The  instruments  are  not  to  be  erected  and  stored 
away  in  the  chief  engineer's  room,  but  are  to  be  in  the  boiler- 
room. 

Several  very  fine  records  of  efficiencies  liave  been  attained 
in  America.  At  the  Conner  Creek  plant  of  the  Detroit  Edison 
Coiiipany,  which  has  been  in  operation  for  a  year,  they  have 
two  20,000  kw.  turbo-alternators,  and  each  turbine  is  supplied 
with  steam  by  two  lar^e  boilers,  each  boiler  containing 
23,500  sq.  ft',  heating  surface.  The  plant  is  operating  at  the 
present  time  and  producing  a  kilowat  t-hour  on  l'421bs.  of  coal, 
".， a  little  less  than  20,000  B.Th.U.  per  kilowatt-hour.  This 
shows  an  efficiency  from  coal  to  electrical  energy  of  17  per 
cent.  The  Chicago  Com monwealth  Edison  Company  in  their 
Fiske  Street  station  have  two  turbo-alteniators  of  20,000  kw. 
to  25,000  kw.  capacity.  Over  a  whole  year's  run  the  coai  used 
per  unit  of  output  was  r921bs.,  and  the  average  value  of  the 
coal  as  fired  was  10,120  B.Th.U.  per  pound.  This  gives  an 
average  of  heating  units  in  the  coal  as  fired  per  unit  of  output 
of  19,450,  and  also  sliows  a  thermal  efficiency  of  some  17  per 
cent. 


PRODUCTION  OF  CASTINGS  IN  METAL  MOULDS. 

The  casting  of  metals,  when  accuracy  of  finished  dimensions 
is  requisite,  is  limited  to  a  certain  number  of  metals  with  their 
alloys,  and  with  some  of  these  it  is  not  feasible  to  have  a  high 
head  or  runner  or  to  force  the  metal  under  pressure  into  the 
mould,  due  to  the  necessity  of  cleaning  the  mould  from  air, 
steam,  or  other  gases  given  off  from  the  metal.  It  is  also 
desirable  that  all  surfaces  of  the  casting  should  be  in  firm 


c  c 

Fig.  1.  Fui.  -2. 

Metal  Moulds  for  Castings. 

contact  with  the  mould  at  the  time  the  metal  being  cast  sets. 
To  effect  a  casting  under  these  circumstances  it  has  been  pro- 
posed to  use  a  mould  in  which  a  surplus  of  metal  is  expelled 
by  a  plunger  slowly  advanced  and  so  arranged  that  the  sur- 
plus metal  is  expelled  through  a  gate,  the  aperture  of  whicli 
decreases  as  the  plunger  advances  until  finally  the  plunger 
cuts  off  access  to  the  gate  and  places  the  metal  under  pressure. 

The  accompanying  sectional  views  show  a  mould  designed 
and  patented  by  Mr.  N.  C.  F.  Jensen,  45，  Villiers  Road, 
Soutliall,  Middlesex^  which  is  arranged  with  one  or  more  ver- 
tical ruimers  or  gates  to  contain  a  surplus  of  metal  and  con- 
structed so  that  the  plunger  can  be  forced  into  its  final  posi- 
tion in  the  mould  against  stops  which  limit  its  advance  and 
serve  accurately  to  determine  the  finished  dimensions  of  the 
casting.  The  speed  of  the  plunger  is  not  limited,  thus  reducing 
the  time  re(|uisite  to  make  a  casting.  Fig.  1  shows  a  mould 
for  producing  an  article  of  rectangular  section  in  its  dispersed 
condition,  A  being  one  part  and  B  the  other  ；  C  are  the  limit 
stops  which  determine  tlie  approach  of  A  towards  B  ;  D  is  the 
part  through  which  the  metal  is  poured  ；  E  is  the  part  filled 
by  the  metal  being  cast.  Fig.  2  shows  the  mould  in  its  closed 
or  final  position,  the  same  letters  being  used  to  designate  the 
KHine  parts.  It  will  be  seen  the  approach  of  the  parts  towards 
each  otiier  is  arrested  by  the  limit  stops,  and  tlie  port  at  tlie 
point  F  is  closed,  and  tlie  metal  in  the  gate  severet^  from  the 
cast  iu^  proper. 
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DISTRIBUTION  OF  THE  RAW  MATERIALS  IN  THE 
BLASTFURNACE.* 

BY  GEOUGE  W.  VUKELANl). 

{Conduded  from  par/r  SO.) 
Three  requirements  have  to  be  met  to  secure  good  distribu- 
tion :  First,  proper  distribution  of  the  fine  and  coarse  mate- 
rials in  the  reoeiving  throat  and  hopper:  second,  proper  dis- 
tribution of  the  materials  on  the  big  bell  :  and  third,  proper 
distribution  of  the  materials  in  the  furnace.  The  first,  is  the 
keynote  of  good  distribution  and  presents  the  greatest  diffi- 
culties at  the  present  time.  With  the  use  of  manual  labour 
oil  the  furnace  top,  good  distribution  is  easily  obtained.  In 
hand  filling,  the  buggies  always  go  to  the  top  in  the  same 
sequence.  As  the  top  of  the  furnace  is  always  divided  off 
into  an  even  number  of  spaces  (generally  six),  each  charge 
can  be  easily  rotated  with  reference  to  the  charge  below  by 
simply  advancing  the  ore  buggy  one  space  in  the  circum- 
ferenoe  of  the  hopper.  By  this  method  any  irregularities, 
such  as  dumping  an  extra  buggy,  or  the  ore  overlapping  on 
dumping  the  last  two  buggies  of  an  8-buggy  charge,  are  taken 
care  of  after'  rix  rounds  or  charges  are  lowered  into  the 
furnace. 

So  far  as  the  distribution  of  raw  materials  is  concerned, 


i  his  met  hod  a  series  of  piles  are  placed  around  t  ho  Ik*! I, 
each  pile  representing  a  skip  load. 

One  of  the  objections  to  this  top  is  the  locat  ion  and  form 
of  the  material  deposited  on  the  large  bell,  depeiuiiiig  on  tlie 
position  of  the  spout  relative  to  the  skip.  If  the  spout  is 
pointing  directly  opposite  the  skip  incline,  the  speed  of  the 
ore  leaving  the  skip  and  down  iJie  spout  will  throw  the  ore 
considerably  further  away  from  the  (centre  of  the  bell  lhaii 
when  the  spout  is  pointing  directly  under  the  skip.  With 
the  spout  in  the  last- named  position,  a  direct  reversal  of  the 
flow  of  the  ore  must  take  place,  with  roiisequeiitly  reduced 
speed,  and  in  an  intermediate  position  we  will  liave  the  fault 
varying  between  these  two  extremes.  Various  methods  have 
been  tried  to  overcome  this  fault,  but  none  has  worked  out 
satisfactorily.  Althougli  this  top  approaches  the  hand-filling 
method,  this  fundamental  trouble  lias  not  been  removed. 

The  straight  double-bell  top  consists  of  a  receiving  hopper 
into  which  the  skip  or  skips  dump  (depending  on  whether 
the  furnace  has  a  single  or  a  double  skip),  and  a  barrel,  either 
straight  or  slightly  tapered,  with  a  small  bell  fitting  it  at 
the  lower  end.  Under  the  small  bell  is  the  large  bell  closing 
the  top  of  the  furnace.  These  are  the  fundamentals  of  a 
straight  double-bell  top  ；  but  there  are  many  points  that  must 
be  kept  in  view  in  designing  a  top  of  this  description,  as  they 
all  have  considerable  influence  on  the  final  distribution  de- 


FiG.  1  .—The  Brown  Rotating  Top. 


Fig.  2,— The  McKee  Rotating  Top. 


Fig.  3.— Thk  lUKEit  NEuaiAX  Kotating  Top. 


hand  filling  has  always  been  considered  very  nearly  perfect. 
But  to  obtain  large  tonnage  output  a  radical  cliange  had  to 
be  made,  and  the  high  labou r  cost  in  hand  filling  warrants 
a  heavy  investment  in  equipment.  The  mechanically  filled 
furnace  was  the  natural  sequence.  The  early  skip-filled  fur- 
naces were  built  without  much  thought  to  distribution.  The 
life  of  the  lining  was  consequently  very  short  and  the  cam- 
paign very  troublesome.  In  many  cases  the  skips  were 
simply  placed  on  old  furnaces  that  had  done  good  work  with 
band  filling.  This  usually  developed  a  poor  working  furnace 
and  the  skip  filling  was  blamed.  Operators  and  engineers 
attacked  the  problem,  with  the  result  that  various  designs 
of  furnace  tops  were  brought  out. 

One  of  the  earliest  designs  to  prevent  bad  distribution 
was  the  Brown  rotating  top.  In  this  an  attempt  was  made 
to  follow  the  hand-filling  method  as  closely  as  possible.  This 
top,  as  shown  in  Fig.  1，  has  a  spout  C，  with  gas  seal  B  in 
the  form  of  a  flap  door  at  the  lower  end  to  prevent  the  escape 
of  the  gas  when  the  bell  is  lowered.  The  door  is  operated  by 
the  flow  of  material  to  the  big  bell.  The  receiving  hopper  A 
and  spout  C  rest  on  ball  bearings  and  are  rotated  together, 
either  by  the  operation  of  the  skip  car  or  independently,  a 
predetermined  number  of  degrees,  slightly  less  than  90°.  By 

•  Abstract  of  paper  presented  at  the  New  York  meeting  of  the  American  Iron 
and  Steel  Institute,  May,  1916. 


sired.  These  points  are :  First,  the  size  and  shape  of  the 
skip  car  ；  second,  speed  of  dumping  ；  third,  angle  of  dumping  ： 
fourth,  facilities  for  regulating  the  dumping  position,  and 
ttiaintaining  it  at  an  exact  point  after  this  has  been  deter- 
mined, even  with  varying  loads  and  ore  conditions :  fifth, 
shape  of  receiving  hoppers  ：  sixth,  dumping  close  to  the  centre 
line  on  both  axes,  so  that  the  lumps  and  fines  will  not  segre- 
gate to  separate  points  in  the  barrel  ；  and,  seventh,  the  barrel 
should  be  of  such  diameter  (not  exceeding  5ft.  as  a  maximum) 
and  of  such  a  length  as  to  hold  one  full  skip  of  coke. 

With  these  points  in  view,  a  top  can  be  built  that  will  do 
good  work  ;  but,  as  a  general  proposition,  the  most  successful 
straight  double-bell  tops,  of  which  we  have  numerous 
examples  in  this  country,  are  the  result  of  continual  altera- 
tions and  changes  over  a  number  of  years.  The  weak  points 
are  noted  and  eliminated  as  the  opportunity  affords,  until 
the  materials  are  distributed  correctly  on  the  bell.  Local 
conditions  will  not  permit  such  cliange  in  many  cases  without 
radical  alterations,  and  often  the  installation  of  a  rotating 
top  will  siraigliteii  out  a  bad  distribution  and  correct  errors 
that  cannot  be  corrected  in  any  other  way  without  complete 
rebuilding  of  the  top  of  the  furnace  and  the  skip  incline. 

The  McKee  revolving  top,  shown  in  Fig.  2，  is  a  well- 
designed  straight  double-bell  top,  with  the  additional  feature 
that  the  barrel  is  not  connected  to  the  receiving  hopper,  but, 
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witli  the  small  bell,  rests  on  ball  bearings  and  is  revolved 
by  a  train  of  gears  direct  connected  to  a  motor  or  by  cable  to 
a  drum  with  a  motor  at  the  bottom  of  the  furnace.  The  small 
bell  and  barrel  are  revolved  around  the  centre  line  of  the  fur- 
nace, so  that  any  errors  of  distribution  on  tlie  small  bell  can 
be  spread  and  equalised  over  the  entire  circumference.  The 
method  of  operating  the  top  varies  considerably.  Some 
operators  revolve  each  skip  load  of  a  6 -skip  charge  through 
an  angle  of  60°  with  reference  to  the  load  immediately  pre- 
ceding. Others  deposit  a  coni])lete  charge  on  the  bell  from 
the  liopper  in  its  original  position  and  then  revolve  the  top 
t  liroiigli  an  angle  of  60〕  before  dumping  the  materials  of  the 
succeeding  charge.  In  either  case  the  cycle  is  completed 
in  six  successive  movements  of  tlie  top.  With  the  liighly- 
developed  automatic  electric  control,  the  rotation  of  the  top 
in  either  of  the  desired  cycles  is  taken  out  of  the  skip  opera- 
tor's hand,  being  operated  in  connection  with  the  skip.  Thus 
the  top  imist  be  revolved  in  the  predetermined  cycle  if  the 
skip  is  operated. 

The  Baker-Neurnan  revolving  top  shown  in  Fig.  3  consists 
of  a  revolving  liopper  A,  with  a  small  bell  C，  on  which 
is  attached  deflecting  plate  B.  The  small  bell,  with  the  de- 
flecting plate,  is  revolved  87。  and  30  minutes  as  the  bell  is 
raised.  This  rotation  is  accomplished  by  means  of  a  rifle- 
barrel  arrangement  at  the  upper  part  of  tlie  small  bell  rorl. 


Kui.  4.--NKErAND  Stationary  Top.  Single  IUtckkt  Hoist. 


The  skip  load  is  dumped  on  the  large  bell  with  the  deflecting 
plate  and  bell  in  the  lowered  position,  the  principal  function 
of  the  small  bell  being  to  act  as  a  gas  seal  when  the  large  bell 
is  lowered.  This  top  has  a  tendency  to  put  the  raw  stock  in 
piles,  but  not  as  disl inctively  as  the  Brown  top. 

The  Kennedy  toj)  resembles  the  McKee  top  in  many  par- 
ticulars, and  is  rotated  by  a  cylinder  on  top  or  by  means 
of  ropes  attached  to  driving  mechanism  at  the  bottom. 

I  have  left  the  discussion  of  the  Neeland  top  until  the 
last  because,  although  it  was  one  of  the  first  tops  designed 
for  the  ineolianical  filling  of  a  blastfurnace,  I  regard  it  as  a 
most  excellent  filling  system.  The  four  original  furnaces  at 
Diuj uesne  were  foi'  several  years  1  he  only  furnaces  in  this 
country  equipped  with  i  his  system.  About  10  years  ago  the 
f^ood  (jualit ies  of  this  top  began  to  be  appreciated  an d  a 
nuniljer  ()『 furnaces  have  since  been  so  e(|ui|)])ecl,  many  of 
t hem  varying  soniewliat  from  the  original,  but  not  in  prin- 
c'iple.  Tlie  improvements  have  been  due  to  modern  condi- 
tions, as  it  must  be  remembered  that  this  lop  is  20  years  old. 

Tlie  Neeland  system,  illustrated  in  Fig.  4,  consists  of  a 
cylindrical  bucket  with  a  bell  in  the  boUom  to  which  t here 
is  attaciied  a  stein  by  means  of  which  the  bucket  is  carried 


to  the  top  of  the  furnace  and  placed  on  the  gas  seal.  The 
material  in  the  bucket  is  deposited  on  the  big  bell  by  lower- 
ing the  bell  in  the  bottom.  After  the  bucket  is  emptied  the 
bell  is  drawn  up  and  then  taken  down  the  incline  and  depo- 
sited on  the  scale  car,  or  placed  on  a  turntable,  or  held  at 
the  bottom  permanently  attached  to  the  trolley  by  means  of 
a  swivel. 

It  was  noticed  at  Duquesne  that  as  the  ore  flowed  from  the 
chutes  into  the  bucket  there  was  an  unequal  distribution  of 
the  lumps  and  fines,  which  resulted  in  the  cutting  of  the  fur- 
imre  lining  at  some  point.  To  remedy  this,  the  scale  cars 
were  equipped  with  revolving  tables  on  which  the  buckets 
were  set  and  revolved  continuously  while  the  ore  is  flowing, 
or  revolved  a  certain  number  of  degrees  after  the  bucket  is 
full.  By  thus  revolving  the  bucket  the  lumps  and  fines  are 
uniformly  distributed,  as  has  been  shown  by  many  tests. 

A  further  modification  of  the  original  scheme  is  to  dis- 
charge the  charge  from  the  larry  car  into  the  bucket  as  it 
hangs  on  the  trolley  and  then  rotate  the  bucket  a  certain 
number  oi  degrees.  The  rotation  is  accomplished  by  means 
of  a  rack  attached  to  a  hydraulic  cylinder  meshing  into  a 
pinion  in  the  stem  of  the  bucket  before  the  bucket  goes  to 
the  top.  The  great  advantage  of  this  system  is  that  all  the 
mechanical  and  electrical  devices  used  to  revolve  the  charge 
are  located  at  the  bottom  of  the  furnace,  away  from  the  heat 
and  dust,  and  are  continually  under  tlie  eye  of  the  operator. 

The  selection  and  design  of  the  tops  must  be  left  to  the 
furnace  management,  and  they  must  be  governed  by  the  local 
conditions,  with  the  two  main  requirements  kept  in  view  ： 
First,  as  nearly  perfect  distribution  of  the  lumps  and  fines 
around  the  big  bell  as  it  is  possible  to  obtain  (and  it  is  not 
so  important  that  this  equal  distribution  should  obtain  with 
every  charge  as  it  is  that  it  shall  be  attained  over  a  certain 
number  of  charges)  ;  and  second,  that  continuous  operation 
of  the  device  is  essential.  No  charging  apparatus  should  be 
installed  that  will  cause  iiuinerous  and  costly  delays  for  re- 
pairs and  adjustment. 

A  rotating  top  is  a  most  desirable  refinement,  but  it  is 
not  a  cure  for  all  the  ills  and  ails  "  to  which  a  blastfurnace 
is  subject.  It  will  go  far,  however,  toward  ironing  out  and 
smoothing  over  some  of  the  troubles  of  poor  distribution,  and 
leave  the  operator's  mind  comparatively  free  to  take  up  other 
pressing  questions  wliich  may  confront  hiin. 

After  the  small  bell  lias  been  lowered  and  the  contents 
deposited  on  tlie  large  bell,  no  change  in  circumferential  dis- 
tribution can  take  place  ;  but  the  question  presents  itself  as 
to  the  quantity  of  the  various  materials  and  the  disposition 
of  them  vertically  on  the  large  bell,  also  the  cycle  of  lowering 
the  charge  into  the  furnace.  There  also  enters  the  problem 
of  what  might  be  termed  as  radial  distribution. 

With  all  the  mechanical  impi'ovenients  in  the  methods 
of  charging,  and  better  preparation  and  selection  of  the  raw 
materials,  too  much  importance  cannot  be  given  to  the  ques- 
tion of  the  actual  manner  of  preparing  the  charge  before  it 
goes  into  the  furnace  and  to  its  delivery  into  the  furnace 
proper.  The  last  charge  of  14，0001bs.  to  16,0001bs.  of  coke 
and  30,0001bs.  to  35,0001bs.  of  ore,  with  the  corresponding 
amount  of  stone,  forms  thick,  heavy  layers  of  each  material  ; 
ami  although  the  coke  does  not  offer  much  resistance  to  the 
gas,  the  heavy  layers  of  ore,  especially  that  part  thrown 
towards  the  centre  of  the  furnace,  prevent  the  free  ascent  of 
the  gases.  The  gases  in  their  ascent,  following  the  path  of 
least  resistance,  cause  imperfect  and  incomplete  reduction  of 
the  ores.  This  condition  can  be  overcome  only  by  direct  car- 
bon reduction  in  the  lower  part  of  the  furnace. 

To  remedy  this,  tlie  charge  is  often  split  in  two,  tliereby 
cult iiig  i lie  layers  in  half,  which  gives  us  a  ring  of  ore  of 
inaxi'iuun  i hickness  near  the  walls,  tapering  off  gradually 
towards  1  lie  centre,  wiiere  the  lumps  have  a  tendency  to  roll. 
This  met  hod  has  been  denioiisi  rated  to  be  an  improvement 
over  the  large  charge,  but  a  condition  may  arise  wherein  we 
liave  too  much  ore  close  to  the  walls,  and  too  in uch  coke 
towards  the  centre.  Tiiis  would  cause  the  centre  to  travel 
loo  fast  with  respect  to  tlie  materials  close  to  the  walls  and 
result  in  greater  loss  in  flue  dust. 

Tiiis  system  of  cliarging  was  effected  by  filling  and  operat- 
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tlion,  ； I  ir),()()Oll)s. 


in  or  (lie  bell  as  follows,  assiiiiiini::,  for  ill' 
coke  t'l"u'gt、 : 

7»500ll>s.  ooke  on  lart^e  boll    duinp  sanie  into  t'urn 
Half  stone  and  half  ore  on  lari^o  boll     (lump  saitio 
furnace. 

7,5001bs.  coke  on  large  bell    tlitmp  samo  into  t'uii 
Halt'  i»tone  and  half  ore  on  large  bell    dunip  satiio 
furnace. 

The  first  seel  ion  gives  us  ； i  1  liin  lave r  of  coke  pracf  i< 
uniform  in  thickness  over  t he  entire  area  of  the  t'urnace, 
the  ore  aiul  stone  intiniately  mixed  and  deposited  clot- 
the  walls,  some  of  the  lumps  rolling  towards  the  centre, 
the  second  section,  the  coke  is  placed  on  I  he  large  bell 
the  ore  and  stone  intimately  mixed  on  top  of  it:  and,  i 


i1( 
alh 


111 

ami 
poll 


Fig.  5.— KiLLEEX  Stationary  Distributor,  showing  tuv,  Man'ni 化 in  which 
THE  Mateiuals  ake  Dkpositeu. 

lowering  the  bell  to  deposit  the  charge,  it  is  observed  that 
only  a  small  part  of  the  coke  leaves  the  bell  before  the  ore 
and  stone  begin  to  break  through  and  mix  with  the  coke  fall- 
ing from  llie  large  bell  into  the  furnace.  As  this  section  lies 
in  the  furnace,  it  is  found  that  we  liave  a  very  thorough  mix- 
ture of  ore,  coke,  and  stone  throughout  the  entire  layer. 

That  this  method  of  filling  and  distribution  in  the  furnace 
is  satisfactory  is  proved  bv  the  work  of  one  of  our  furnaces 
for  the  year  1915  ： — 

Average  tonnage  per  day,  includes  blow-in,  tons   5344 

Average  coke  per  ton  of  pig  iron,  includes  blow-iii,  tons  1,994 

Average  loss,  includes  blow-in,  per  cent   2*29 

Blast  temperature,  degrees  Fall   891 

The  blast  temperature  of  891。  Fah.  is  particularly  notice- 
able, it  being  all  the  loves  will  produce  :  and  when  we  com- 
pare this  fu mace  with  other  furnaces  working  similar  raw 
materials  with  stoves  capable  of  giving  an  average  teiii})era- 
ture  of  l，20Cr  Fah.,  we  must  give  soTiie  credit  to  the  filling 
method  described. 

A  proof  that  this  method  of  charging  is  conducive  to  gcrd 
results  is  this :  On  changing  to  the  thick  coke  and  ore  layer, 
we  were  unable  with  the  same  burden  to  maintain  our  lieartli 
temperatures  with  the  heat  at  our  command  ；  and  not  even 
ill  the  face  of  a  10  per  cent,  reduction  in  the  ore  burden  did 
the  temperature  return.  On  changing  the  filling  back  to 
the  other  method,  the  furnace  returned  to  its  normal  con- 
dition as  soon  as  the  charge  reached  the  tuyeres.  This  was 
done  on  two  separate  occasions  with  the  same  results. 

Many  methods  of  placing  the  materials  on  the  large  bell 
and  depositing  them  in  the  furnace  are  now  in  use,  and  I 
have  experimented  with  a  large  number  of  them  :  but  the 
methods  described  above  have  given  very  satisfactory  results 
over  a  long  period  of  time  and  may  prove  of  value  to  otli el- 
oper at  ors  under  similar  conditions,  especially  where  a  large 
percentage  of  fine  ores  are  used. 

The  almost  universal  use  of  the  large  bell,  without  dis- 
tributor's of  any  kind,  lias  standardised  its  dimensions  for 
furn aces  of  various  stock  lines  and  those  using  lake  ores. 
After  a  careful  examination  of  a  large  number  of  furnaces, 
it  was  found  that  the  diameter  of  the  hell  is  generally  4ft. 
less  than  the  diameter  of  the  furnace  stock  line,  although 
tliere  are  a  few  cases  where  this  difference  in  diameter  is 
somewhat  less,  but  the  above  seems  to  be  the  accepted  figure 
on  large  furnaces  with  15ft.  to  17ft.  stock  lines. 


Tlio  angle  of  tlio  I)oll  in  many  rasps  lias  bepn  increastd 
1 1 o!ii   15】，  tile  siaiulard  for  many  years,  ")  ； is  as  W. 

Thr  (Mil  ire  surface  is  now  macliiiKMl.  Tliis  Ii;ls  Ix-cn  < jdiic  in 
"r(l(>r  1  lial   tin*  wet   and  sticky  ores  will  clear  t  he   Ix-ll  and 

('； 1(1  in  II  uiiilorrn  straluni  over  its  entire  circiuii fereiu'e. 
1 1  1  Iio  ore  leaves  tlie  bell  in  an  uneven  st  learn  after  tlie  lower- 
in  of  ilie  bell  is  started,  it  will  cause  the  bell  lo  swing,  and 
tbo  materials  still  to  leave  the  bell  will  disturb  tlie  distribu- 
tion and  the  lay  of  the  raw  materials  in  tiie  furnace. 

The  Killeeii  stationary  distributor  consists  of  a  tapered 
cast-steel  ring,  about  6ft.  i'nu.  long  and  lift,  to  lift.  (Jiu. 
chani.  at  tlie  smaller  or  lower  end.  Tlie  large  hell  is  rediured 
lo  about  9ft.  Gill,  diaui.  These  dimensions  apply  to  furnaces 
with  a  top  16ft.  to  17ft.  diain.  The  material  leaves  tlie 
large  bell,  strikes  the  distributor,  and  is  deposited  in  a  ring, 
as  illustrated  in  Fig.  5.  This  gives  a  ring  with  the  maxinnim 
fines,  the  apex  of  which  is  about  3ft.  away  from  the  wall, 
the  coarser  materials  rolling  to  the  centre  and  wall. 

The  idea  in  designing  this  distributing  ring  was  to  throw 
I  he  coarser  materials  closer  to  the  walls,  permitting  an  easier 
passage  of  the  gases,  and  thereby  obtaining  cleaner  walls. 
During  the  time  of  the  lower  percentage  of  fine  ores  and 
higher  percentage  of  coarser  ores,  this  ring  produced  results 
that  compared  very  favourably  with  those  obtained  on  fur- 
naces using  the  large  bell  and  no  ring.  As  the  lake  ores 
increased  in  fines,  however,  furnaces  equipped  with  tlie 
Killeeii  distributor  experienced  more  and  more  trouble  with 
higli  pressures  and  irregular  movement  of  the  stock,  with 
resultant  high  coke  and  low  tonnages.  It  was  readily  seen 
that  though  our  walls  were  kept  comparatively  dean  we  were 
unable  to  force  the  air  and  gases  through  the  heavy  mass  of 
iron-bearing  material  so  far  away  from  the  tuyeres.  The 
physical  conditions  of  the  ores  finally  reached  that  point 
where  it  was  almost  impossible  to  keep  the  furnace  nioviug, 
and  it  was  necessary  to  go  to  the  large  bell. 

Below  is  a  comparative  statement  showing  the  results  ob- 
tained on  a  furnace  with  a  Killeeii  distributor  ring  and  the 


Fig.  6.— Movable  McDonald  UisTKiBUTix(i  Kin (；,  Showing  thk  Manner 

IN  WHICH  THK  MATERIALS  ARK  DEPOSITED. 

same  furnace  without  the  distributor,  but  with  a  12ft.  bell, 
the  figures  being  ior  11  months'  operation  in  both  cases : ― 

Pounds 

Tons  Coke  per 


With  Killeeii  distributor   

Killeeii  distributor 


day 

4977 
531,1 


2,240 
2,029 


This  type  of  ring  served  one  good  purpose  in  that  it  pro- 
tected the  stock  line  of  the  furnace,  but  operating  conditions 
were  surh  t hat  we  could  not  afford  to  pay  the  price  for  this 
}n-ot  ection. 

The  McDonald  distributor,  sliown  in  Fig.  6,  difTei.s  from 
the  Killeen  in  that  tlie  large  bell  is  of  standard  diameter,  tlie 
same  as  would  be  used  without  the  distributor,  and  the  dis- 
tributing ring  is  raised  or  lowered  as  desired.  The  usual 
method  of  operating  this  type  of  top  is  to  keep  the  distri- 
butor in  the  upper  position  clear  of  any  material  as  it  leaves 
tlie  bell  for  three  or  more  charges.  The  distributor  is  tlieu 
lowered  and  the  succeeding  charge  is  dropped  into  the  fur- 
nace.   Having  a  movable  distributor,  tlie  operator  can  throw 
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the  fines  toward  the  wall  from  the  large  bell,  the  distributor 
being  in  the  upper  position  and  out  of  the  path  of  the  raw 
material  :  or,  by  lowering  tlie  distributor,  the  operator  can 
throw  the  major  portion  of  the  coke  to  the  centre  of  the 
furnace,  with  the  fines  and  excess  of  ore  away  from  the  wall. 

One  of  the  latest  developments  in  distributing  rings  below 
the  large  bell  is  the  one  designed  by  E.  E.  Slick,  and  shown  in 
Fig.  7.  This  distributing  ring  is  permanently  set  in  the 
furnace  top  and  combines  some  of  the  features  of  the  Killeen 
and  McDonald  rings,  with  the  further  and  radical  develop- 
ment that  the  lower  portion  of  the  ring  consists  of  a  number 
of  fingers  equally  spaced,  wit h  tlie  lower  end  projecting 
inwardly. 

As  the  material  leaves  the  large  bell,  those  portions  which 
impinge  upon  the  fingers  are  deflected  toward  the  centre  of 
the  furnace,  the  portions  which  pass  between  the  fingers  con- 
tinue in  their  travel  outwardly  towards  the  walls  of  the 
furnace,  and  that  which  impinges  against  the  upper  portion 
of  the  straight  ring  or  skirt  drops  more  or  less  vertically. 
In  this  way  the  charge  is  deposited  in  the  furnace  so  as  to 
form  a  number  of  vertical  columns.  These  columns  of  finer 
stock  are  formed  by  the  separation  of  the  coarser  portions 


Fig.  7.— Slick  Distributor,  showing  what  it  Accomplishes. 

of  the  charge  which  roll  down  from  each  of  the  small  mounds 
formed  on  the  surface  at  the  stock  line. 

This  design  permits  of  a  relatively  uniform  ascent  of  the 
gas,  diie  to  the  lines  of  greater  porosity  surrounding  the 
denser  columns  of  fine  materials,  and  also  tends  to  give  a 
more  intimate  mixture  of  the  raw  materials  over  the  entire 
area  with  a  certain  percentage  of  fines  close  to  the  walls, 
which  condition  we  have  found  is  so  necessary  for  our  opera- 
tion. The  use  of  the  Slick  distributing  ring  has  shown  some 
meritorious  results.  As  such  excellent  work  is  being  done 
on  furnaces  without  a  distributing  device  below  tlie  large 
bell,  its  necessity  is  not  apparent,  at  least  under  our  present 
conditions. 

So  much  for  the  tecliiiical  ami  ])resent-day  aspect,  of  t liis 
problem  of  distribution,  tlie  importance  of  which  will  not  be 
under-estniiated  by  any  furnace  operator.  Smooth  operation, 
quality  of  j"'odu(,{，  niiiiiinurn  labour  cost,  low  fuel  consump- 
tion, higli  yield,  and  large  tonnages  are  all  matters  of  prime 
importance  1o-day.  But  no  paper  on  tliis  subject  would  be 
complete  that  did  not,  at  least  touch  on  that  great  economic 
problem  wlierein  the  practice  of  to-day  has  its  direct  beariii"' 
on  the  problems  of  to-morrow.  I  refer  to  the  conservation 
of  our  natural  resources,  and  particularly  to  the  conservation 
of  tliose  raw  materials  connected  with  the  iron  and  steel 
industry. 


Nature  has  bountifully  endowed  us.  The  largest  and 
I'it'liest  coal  and  ore  deposits  have  been  given  into  our  keeping 
for  our  own  use  in  this  generation  and  as  trustee  for  future 
generations.  If  we  are  to  discharge  that  obligation  conscien- 
tiously, we  should  see  to  it  that  in  this,  our  generation,  all 
metallurgical  processes  and  operations  shall  be  so  conducted 
that  waste  and  loss  in  raw  materials  are  reduced  to  that,  point 
which,  based  on  our  ability,  is  the  lowest  practical  limit. 

The  estimated  amount  of  iron  ore  to  be  brought  down 
from  the  Lake  Superior  regiou  this  year  reaches  the  enormous 
figure  of  66,000,000  gross  tons,  practically  all  of  which  is 
to  be  used  for  tlie  production  of  pig  iron.  If  by  more  perfect 
distribution  of  our  raw  materials  in  tlie  blastfurnace  and  with 
other  improvements  that,  could  be  effected  in  many  furnaces, 
a  saving  of  only  one-lialf  of  1  per  cent,  of  tlie  metallic  yield 
should  be  effected  over  this  entire  quantity  of  lake  ore,  it 
would  mean  that  610,000  tons  of  iron  ore  could  therefore  be 
reserved  annually  for  future  consumption.  Since  the  more 
perfect,  distribution  reduces  our  metallic  loss,  so  does  it  reduce 
the  coke  consumption,  as  they  go  hand  in  hand  ：  and  if  we 
could  reduce  our  coke  consumption  for  the  smelting  of  this 
quantity  of  ore  by  5  per  cent.,  we  would  save  1,750,000  tons 
of  coke,  with  2,500,000  tons  of  coal  left  in  the  mines  for 
future  generations  to  use. 

The  thought  of  effecting  a  saving  of  one-half  of  1  per  cent, 
in  yield  and  lOOlbs.  of  coke  per  ton  seems  small  when  we  talk 
of  them  in  our  every-day  practice,  but  in  the  aggregate  they 
amount  to  large  figures. 


DETERMINING  GRAIN  SIZE  IN  METALS.* 

BY  ZAY  JEFFRIES,   A.  H.  KLINE,  AND  E.   B.  ZIMMER. 

It  is  well  known  that  many  properties  of  metals  vary  with 
tlie  size  of  grain  or  cell.  For  most  industrial  purposes,  where 
a  higli  ultimate  strength  and  a  high  elastic  limit  are  desired, 
the  manufacturer  tries  to  produce  a  fine-grained  structure. 
For  some  purposes,  as  in  transformer  iron,  a  coarse-grained 
structure  is  desirable.  The  terms  "  fine  grained  "  and 
" coarse  grained  "  are  used  only  in  a  relative  sense.  For 
example,  fine-grained  cast  copper  might  have  grains  100  times 
larger  than  coarse- grained  liigli-speed  steel.  Similarly,  a  fine- 
grained steel  rail  might  have  grains  or  cells  100  times  larger 
than  coarse-grained  wire  made  of  steel  from  the  same  heat. 
In  some  metals  the  change  in  grain  size  is  more  appreciable 
than  the  changes  in  any  of  the  properties  determined  by  tlie 
tensile  test.  Furthermore,  in  metals  which  have  been  an- 
nealed or  subjected  to  high  temperatures,  grain  size  may 
prove  a  better  indication  of  the  life  of  the  metal  in  use  than 
the  tensile  test.  One  of  the  authors  was  able  to  supplant  the 
tensile  test  with  grain-size  determinations  in  the  control  of 
metal  for  a  specific  use,  the  latter  determination  being  more 
indicative  of  the  life  of  the  metal  than  the  tensile  test.  A 
grain-size  determination  with  a  tensile  test  is,  of  course,  more 
valuable  than  either  test  singly. 

At  present  a  decided  dearth  of  data  exists  as  to  actual 
grain-size  determinations  in  metals,  tlie  re  being  consequently 
a  corresponding  lack  of  ability  to  interpret  the  determina- 
tions after  they  are  made.  It  would  be  desirable  to  have 
correlation  made  between  grain  size  and  properties  of  metals, 
comparing  thousands  of  determinations.  In  this  way,  grain- 
size  determinations  might  be  interpreted  in  much  the  same 
manner  that  a  tensile  test  is  now  utilised.  One  of  the  chief 
reasons  that  more  grain-size  measurements  have  not  been 
made  is  tlie  excessive  work  involved  in  making  a  determina- 
tion. The  planinieter  method  is  accurate,  in  fact,  too  accu- 
rate for  the  nature  of  the  work  involved,  but  it  is  slow  and 
tedious.  It  involves  the  tracing  of  the  outside  boundary 
lines  of  a  group  of  grains,  counting  the  grains,  measuring 
the  area  with  a  planinieter  and  a  calculation  which  is  diffe- 
rent for  each  determination.  Furthermore,  the  method 
requires  a  planinieter,  wliich  piece  of  apparatus  might  not 
be  available  in  all  metallographic  laboratories. 

The  authors  have  developed  a  method  by  means  of  which 
a  ^rain-size  determination  can  be  made  in  one-fifth  the  time 
mjuired  by  t lie  plaiiimeter  inetliod.    The  method  is  as  accu- 

*  Abslracl  of  paper  presented  at  the  February,  1916,  mooting"  of  the  Ainericau 
Institute  of  Mining  Knt^ineers. 
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rato  as  (lie  sampling  of  llu>  siuH-imoii  ami  ro(|inres  no  appa- 
ratus which  is  not  available  in  niotallc)gra|)lii(*  laboratories. 

The  plaiiimolor  rnrlhod  may  be  used  in  eil lior  of  t wo  ways. 
The  image  of  the  metal  sporiiueii  may  be  projcH-tod  (m  a  piece 
of  paper  and  the  grain  bouiularies  1  raced,  as  shown  in  Fi* 1 . 
The  total  area  divided  by  tlio  mnnber  of  grains  enclosed  will 
give  the  average  area  \yer  grain.  The  second  method,  which 
involves  less  time,  is  to  trace  on  the  paper  just  the  outside 
lines  bounding  the  area  of  a  group  of  whole  grains.  The 
number  of  included  grains  is  then  indicated  by  check  marks 
on  the  paper,  as  shown  in  Fig.  2.  Since  the  counting  of  the 
grains  can  be  done  at  the  time  of  checking,  tliis  way  is  the 
shorter.  The  following  example  is  taken  from  an  actual 
dctennination.  The  area  wliicli  was  determined  by  measuring 
with  a  planinieter  was  592  sq.  in.  The  iiumbei'  of  grains 
enclosed  was  61.    Therefore  the  average  area  per  grain  was 

"^fJ 二  0.09705  sq.  ill.  The  observation  was  made  at  a  mag- 
nification of  100  diameters.     Tlieii  飞  ^ 


100 X 100 


=  0-000009705 


sq.  in.,  which  was  the  actual  area  per  grain.  o'000001)TO5 

= 103,040  grains  per  square  inch. 

The  Heyn  method  depends  for  its  accuracy  on  the  assump- 
tion that  the  intercepts  of  a  straight  line  intersecting  a  num- 
ber of  grains  will  be  proportional  to  the  square  roots  of  the 
areas  of  the  grains.  In  other  words,  the  square  of  the  average 
intercept  will  be  the  average  area  per  grain.  Heyn  applies 
this  assumption  as  shown  in  Fig.  3.  The  number  of  grains 
is  counted  along  a  line,  such  as  AB.  The  first  incomplete 
grain  is  counted  as  one,  and  the  last  grain  is  not  counted. 


0  ()()()0()392  sq.  in.,  Iho  act u;il  area  per  grain.    The  number 

rains  per  stjuaro  iiu-li  255,()()().     In  order 

to  get  the  average  diameter  per  ^M-ain,  sufficient  lines  slmi'ld 
be.  taken  to  intersect  from  50  to  500  grains.     In  a(:tual  prtu:- 

1  ice,  this  method  is  shortened  considerably.  An  eyepiece  with 
a  graduated  scale  may  be  used  in  place  of  the  regular  eye- 
piece. Tiie  length  of  an  even  number  of  grains  can  be 
measured  direct  and  the  approximate  grain  size  obtained  in 
a  short  time. 

The  inethod  used  by  the  aul  lioi's  lias  t'or  its  object  the 
quick  delerniiiiatioii  of  the  e(juivaleui  number  of  whole  grains 
included  within  a  circular  portion  of  an  image.  It  is  evident 
that  some  of  the  grains  will  be  completely  included  wit liiu  ilie 
circle,  and  that  some  will  be  intersected  by  the  circumference 
of  the  circle.  The  former  will  have  no  correction  factor. 
The  boundary  grains,  however,  will  be  partly  inside  and 
partly  outside  the  circle.  In  Fig.  5，  the  grains  marked  with 
a  check  mark  are  completely  enclosed  and  those  marked  + 
are  the  boundary  grains.  The  average  portion  of  each  boun- 
dary grain  included  witliin  the  circle  may  be  found  as  fol- 
lows : The  grains  completely  included  within  the  circle  are 
first  counted  and  checked.  Then,  the  boundary  grains  are 
checked  with  a  different  mark  and  counted.  (If  the  counting 
is  done  at  the  time  of  checking,  the  time  of  making  a  det-er- 
miiiatiou  will  be  shortened.)  In  Fig.  5  there  are  37  included 
grains  and  22  boundary  grains.  The  area  of  the  included 
grain  by  planimeter  is  1*9  sq.  in.  The  area  of  the  circle  whose 
diameter  is  I'SSiu.  is  2*635  sq.  in.  1'9：  2*635  =  37:  X.  X  = 
51'3,  the  equivalent  number  of  whole  grains  within  the  circle. 
51*3  ―  37 "- 14*3,  the  equivalent  number  of  those  grains  in 


-PLANIMFTER    METHOD  FIG 


-PI-ANIMETKR  METHOD. 
MODIFIF.P 


FIG   J— HEYN  METHOD 


FIG   4— INTERCEPT  METHOD 


-AUTHORS'  METHOD 


By  taking  a  number  of  lines  parallel  to  AB  and  counting  the 
grains  intersected  by  each,  the  average  intercept  in  one  direc- 
tion is  obtained.  The  average  intercept  in  the  direction  CD, 
at  right  angles  to  AB,  is  obtained  in  a  similar  way.  The 
product  of  the  two  average  intercepts  is  the  average  area  per 
grain.  For  example,  suppose  the  number  of  intercepts  in 
the  direction  AB  is  79  and  the  distance  2()in.  The  average 
.  20  ' 

intercept  is  jg  :=0'2533in.     Likewise,  suppose  the  number  of 

intercepts  counted  in  llie  direction  CD  is  72  and  the  distance 

1 6 

IS  16in.     The  average  intercept   in    this    direction   is  ^9  = 

0  222iii.    Then  the  average  area  per  grain  is  0  222  x  0  2533  二 
0-05623  sq.  in.    If  the  magnificat  ion  is  100  diameters,  then 
0-05623 

100- X       =  0 '0000056:23  sq.  in.,  actual   area  per  grain,  or 
1 

0-U00005623  per  square  inch. 

It,  is  not  necessary  to  trace  the  grain  boundaries  to  apply 
Heyn's  method.  A  piece  of  cross-section  paper  may  be  used 
for  a  screen  and  the  grains  intersecting  each  line  counted  and 
the  distance  measured. 

The  intercept  method  is  based  on  the  same  assiuii})tiuii 
as  Heyn's  method,  but  the  readings  are  not  confined  to  series 
of  parallel  lines.  The  method  of  procedure  for  determining 
the  grain  size  by  tlie  intercept  method  is  as  follows :  In  Fig. 
4，  tlie  line  AB  is  drawn  through  the  centre  of  the  field.  This 
line  intersects  13  grains  in  a  length  of  2'58i".     The  average 

intercept  per  fgraiii   is   therefore   ^^j^  =  0"  1  OcSiii .  (()-198)  = 

()0392  sq.  in.,  the  average  area  per  ^vain.     It'  we  consider 

the    magnification     as     100     diameters,     then     丄 。^^^ ^二） 


14-3 


the  inside  portions  of  the  2*J  boundary  grains.  22" 

average  portion  of  each  boundaiy  grain  within  the  circle. 

If  this  factor  be  determined  on  a  large  number  of  samples, 
it  may  be  used  on  unknown  samples  to  find  tlie  equivalent 
number  of  whole  grains  witliin  a  circular  area.  If  we  call, 
this  factor  //  the  total  number  of  grains  within  a  circle  is 
:  +  .',w，  where  z  is  the  number  of  grains  completely  enclosed 
and  is  the  number  of  boundary  grains.  The  factor  //  has 
been  determined  empirically  on  175  samples.  The  results 
are  given  in  the  following  table,  the  first  col u  11111  representiiig 
the  number  of  grai>is  completely  included  within  the  circle  : 


Grains  oompletoly 
incliuU.'tl. 

Average  value  of  /y. 

Number  of 
deU'imiiiatioiis. 

i(  )-!*() 

0 

556 

li 

l>i )-:}() 

0 

582 

15 

0 

542 

13 

40-50 

0 

574 

10 

50-(i0 

0 

5<)0 

11 

0 

GOO 

12 

80-90 

0 

11 

70-80 

0 

57U 

10 

90-100 

0 

59() 

10 

100-120 

0 

551 

1] 

120-UO 

0 

018 

11 

140-1(H) 

0 

546 

10 

l(iO-18(» 

0 

566 

10 

1S()-2(M> 

0 

558 

11 

2(K)-2;J(> 

0 

(i(M> 

10 

0 

(322 

9 

Tlie  average  value  of  the  factor  y,  for  175  determinations, 
is  0'581 .  The  same  factor  can  be  used  for  all  numbers  of 
grains  included  wiihiu  the  observed  area,  but  it  is  recom- 
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mended  that  all  important  detenninations  have  at  least  50 
grains  included  wit iiin  t he  circle.  Since  0.581  is  nearer  to 
0'6  than  to  05,  we  have  adopted  0  6  as  a  general  factor  for 
all  determinations.  It  should  be  noted  that  an  error  of  1  per 
cent,  in  the  determination  of  the  whole-grained  equivalent 
of  tlie  boundary  grains  makes  an  error  of  less  than  0*25  per 
cent,  in  the  final  result,  since  more  than  75  per  cent,  of  the 
total  area  of  the  circle  is  occupied  by  the  included  grains. 
The  following  is  an  example  of  how  the  factor  is  used  : ― 

Enclosed  grains   66'0 

Boundary   grains    280 

Factor    0  6 

66  +  0'6  X  28=  82  8  grains  witiiiii  the  circle. 

From  the  magnification  the  number  of  grains  per  unit 
of  area  can  be  readily  calculated.  A  way  to  make  a  grain- 
size  determination  by  the  authors'  method  has  been  developed. 
A  circle  79'8  mm.  diam.  is  used.  In  the  following  table  is 
given  the  factor,  for  each  magnification,  by  which  the  equi- 
valent number  of  whole  grains  within  the  circle  is  to  be  mul- 
tiplied to  obtain  the  number  of  grains  per  square  millimetre. 


MagniHcation  ii^std. 

Diameter  of  circles, 
millimetres. 

Factor, 

25 

79,8 

50 

79-8 

1. 

100 

79-8 

2-000 

150 

79-8 

4-r)()i» 

200 

79-8 

8()-(M)n 

250 

79' 8 

12-5()(» 

5()(» 

79-8 

,「""0(> 

75(1 

79-8 

1， 議 

79-8 

2-(M)0 

1,5(M) 

79-8 

4-")0() 

^,000 

79-8 

H  •{){){) 

The  following  example  shows  liow  this  table  is  used : 
Included  grains,  61  ;  boundary  grains,  35  ；  magnification, 
100.  Grains  per  square  millimetre  =  (61  +  0.6  x  35)2  164. 
Similar  tables  can  be  made  for  square-inch  calculations,  or 
for  circles  of  different  diameters. 

A  comparison  of  the  methods  described  indicate  that  the 
intercept  method  and  Heyn's  method  are  not  accurate.  The 
largest  error  found  in  187  determinations  by  the  authors' 
method  was  6'4  per  cent.,  the  average  error  2*1  per  cent.,  and 
the  average  algebraic  deviation  f rom  the  planimeter  mea- 
surements, plus  0  25  per  cent.  An  average  of  30  representa- 
tive deterniinations  showed  that  7 8" 5  per  cent,  of  the  total 
area  of  the  circle  was  occupied  by  the  included  grains.  This 
portion  is  determined  accurately  by  the  authors'  method. 
The  factor  is  used  in  determining  only  2 15  per  cent,  of  the 
number  of  grains.  An  error  of  5  per  cent,  in  estimating  the 
boundary-grain  portion  makes  an  error  of  slightly  over  1  per 
cent,  in  the  final  result.  A  square  or  any  other  shape  miglil 
be  used,  instead  of  a  circle.  It  seems  probable,  if  a  vsquare 
or  rectangle  were  used,  that  the  factor  would  be  0'5  instead 
of  0'6，  when  the  circle  is  used. 

Some  metallographic  specimens  have  more  than  5, 000, 000 
grains  exposed  on  one  face.  It  becomes  necessary  to  obtain 
a  representative  sarii])le  of  this  face.  The  auf liors  have  ten- 
tatively adopted  these  general  rules,  which,  of  course,  can  be 
changed  as  occasion  demands : —— 

Use  siicii  a  magnification  that  about  50  grains  will  be 
included  witliiii  Die  circle.  It  is  better  to  have  more  than 
50  grains  included  withiti  tli©  circle  tiian  less,  but  it  is  always 
reconirneiidecJ  t liat  an  even  nuinber  of  magnifications  be  used, 
even  llmujrli  1  lie.  miriilxT  of  iiirlnded  grains  should  exceed 
100. 

Make  at  least  live  determitiations  at  about  e(jiial  intervals 
along  t  lie  diameter  of  the  specimen.  The  average  of  all  of 
tl"，  detenninations  is  taken  as  the  final  result.  Tt  is  evident 
that  if  there  is  murh  difTcrenco  in  grai"  size  between  i lie  edge 
and  centre  of  t lie  specimen,  1  lie  former  should  have  the 
greater  weight. 

If  ilie  samples  are  si/iall  cnoii^ii,  \'nv  example,  small  wire, 
it  is  advi.^able  to  determine  t lie  total  number  of  grains  on 
transverse  sections,  and  the  total  number  for  a  given  length 
oil  longitudinal  sections.    1 1  is  sometimes  practical  to  do  t his 


with  larger,  coai'se- grained  specimens,  cither  microscopically 
or  at  low  niagnificatioiis. 

When  one  part  of  a  specimen  difleis  greatly  from  another 
part  in  grain  size,  do  not  average  the  separate  determinations, 
but  record  each  and  note  the  position  of  each  determination 
by  means  of  a  freehand  sketch. 

In  samples  which  have  been  cold  worked,  the  relative 
degree  of  cold  work  in  any  direction  is  expressed  by  the  ratio 
of  tlie  length  divided  by  the  width  of  the  grains.  For  obtain- 
ing this  ratio  it  is  recoin mended  that  Heyn's  method  be  used. 


OFFICIAL  MAXIMUM  PRICES  FOR  COKE,  IRON,  AND  STEEL. 

The  Minister  of  Munitions  gives  notice,  under  date  July  7tli, 
that  he  hereby  permits  all  persons  until  further  notice  (ft)  to 
buy,  sell,  or  deal  in  ；  or  (/>)  offer  or  invite  an  offer  or  propose 
to  buy,  sell,  or  deal  in  ;  or  (r)  enter  into  negotiations  for  the 
sale  or  purchase  of  or  other  dealing  in  certain  war  materials, 
subject  to  the  following  conditions  :  (1)  This  permit  shall  not 
affect  the  provisions  of  Regulation  30  (B)  of  the  Defence  of 
the  Realm  (Consolidation)  Regulations.  (2)  No  sale  or  pur- 
chase of  material  in  the  United  Kingdom  not  being  under  a 
contract  in  writing  entered  into  prior  to  the  date  of  this 
notice  shall  be  at  a  price  exceeding  the  prices  specified  in  the 
Schedule  hereto  with  reference  to  the  respective  classes  and 
descriptions  of  material  therein  referred  to,  provided  that 
this  condition  shall  not  apply  (1 )  to  a  sale  or  purchase  under 
a  special  permit  granted  by  the  Minister  of  Munitions,  or  (2) 
to  a  sale  or  purchase  which  is  not  a  transaction  or  one  of  a 
series  of  transactions  involving  the  sale  or  purchase  of  more 
than  5  tons,  or  (3)  to  any  sale  by  a  manufacturer  of  finished 
steel  rolled  from  steel  purchased  by  him,  or  (4)  to  a  sale  or 
purchase  of  material  the  export  of  which  has  been  duly  sanc- 
tioned. (3)  Upon  any  such  sale  or  purchase  the  seller  and 
purchaser  shall  comply  with  any  directions,  whether  of 
general  application  or  otherwise,  which  may  from  time  to 
time  or  at  any  time  be  given  by  tlie  Minister  of  Munition? 
with  regard  to  the  use  or  disposal  of  the  said  war  material. 
Tlie  Schedule  referred  to  is  as  follows : ― 

M ti.r  'nn  iiin  I'rivrs.  Per  ton  net. 

f.o.t.. 
Makers'  ovens. 

Durham  and  Northuinin'rlaml  :  £    s.  d. 

Jilastfurnacp  coke    1    8  0 

Fonndiy  coke   1  10  (3 

J^aiicasliiro  : 】ilastt，miact'  coke    15  8 

Midlaiul  CV)uiities :    】Wastfiiniacre  cokt*    15  8 

South  Wales  and  Monmouthshire :  Blastfurnace  coke      1  10  0 

West  Yorkshire :   Blasttui  nace  coke    1    o  8 

Per  toil  net. 
f.o.t., 
Makers'  works. 

//  f'tlKltifr   VliJ   1 1  "tt ― Ed.sf 《 、"'sf  :  £    S.  cl. 

Mixed,  Nn  111  hers  1,  2,  and  '-!    (i    "2  (5 

Special  quality.  (oMtai'ii'ig  imdrr  ()'()4  of  pliosphorus 

ami  sulpiiiir    6    7  i', 

Special  quality,  contaiiiiiiii  muk"'  of  pliospliorus 

and  sulplmr    G  15  6 

Special  quality,  coiitainiiig  luuloi"  0*02  of  ph(»sj)lu)iMis 

and  sulphur    7    0  0 

II  r  mat  if  c  ri(f  Iron ― Scottish  : 

M  ixed.  Xiunlvers  1,  2；  and  3    "    "2  6 

Special  quality,  containinj^  niider  of  phospliorns 

and  sulphur    " 】;"3  6 

Special  quality,  containing  under  O'O'i  of  pliospliorus 

Hiid  sulplnu*    7    (J  0 

Ifrtnnfifr  Vitj  Iron ― W'  lsh  : 

M  ix(Ml.  Nuinhers  1,       and  3    (>    "2  " 

Special  (|uality.  con taiiiiii^  uik1<M'  OO-S  of  phospliorns 

and   .sulphur    (>  lo  6 

Special  quality,  ('(mtaini'ig  iiiidci"  0  Ml'  of  phosphorus 

and  sulphur    7    (I  0 

IlriiKtfifr  /''(/  Iron —― \V('sf  i  'nnsf  ： 

M  ixed,  XninI)ors  1,  2^  and  3    "    "  6 

Spt'rial  (jUMlity,  (oiita i n i ii;^  mi(i<、r  0  0,S  oF  pliospliorus 

ami  .su!]>lnir    "  lO  f; 

Sp<^cial  quality,  containing  ii tulcr  of  i>li()8|>Iu)i"ns 

and  .sniphii r    7    0  0 

「/'  ,•'  /〃/''/  Iron  : 

Xurnhor   l'   4  11  6 

Other  -grades    4    7  G 
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SCIENCE  AND  INDUSTRY. 

The  iiilerirn  report  ot  t  lie  Hoard  of  Education  Consult  at  iv (！ 
Committee  on  scliolarships  for  higher  education,  reccMit ly 
issued,  contains  a  number  of  important,  reconirnendaiions. 
The  report  mentions  that  great  German  firms  study  to  earn 
a  profit,  but  in  their  operations  the  advance  of  Germany  is 
also  a  constant  aim.  We  have  hitherto  ignored  the  national 
motive.  A  new  national  spirit  has  been  aroused  in  our  people 
by  the  war.  If  we  are  to  recover  and  improve  our  position 
at  the  end  of  the  war  that  national  spirit  must  be  maintained, 
for  unless  every  man  and  woman  comes  to  know  and  feel 
that  industry,  agriculture,  commerce,  shipping,  and  credit 
are  national  concerns,  and  that  education  is  a  potent  means 
for  the  promotion  of  these  objects  among  others,  we  shall 
fail  in  the  great  effort  of  national  recuperation.  In  plainer 
words,  our  great  firms  will  not  make  money,  wages  will  fall, 
and  wage-earners  will  be  out  of  work.  In  the  task  of  making 
good  our  losses  in  material,  time,  and  business  connections, 
we  must  neglect  no  source  of  strength.  We  must  approach 
that  task  as  a  national  task  of  vital  importance  to  our  well- 
being  and  our  self-respect  as  a  nation.  One  need  will  be  to 
bring  the  practical  man  and  the  man  of  science  to  work 
together  for  a  common  end,  and  to  value  each  other's  quali- 
ties. We  have  enough  science  at  the  present  moment  to 
make  such  co-operation  ten  times  more  productive  for  the 
future  than  it  is  now,  but  it  is  said  that  our  scientific  men 
are  not  sufficiently  practical,  while  our  practical  men  ignore 
the  scientific  method  and  the  potentialities  of  science.  We 
need  that  men  of  science  shall  be  also  practical  ；  that  men 
of  practice  shall  be  also  scientific.  A  second  need  will  be 
tlie  improvement  of  the  existing  means  of  scientific  and 
technological  instruction  and  the  encouragement  of  scientific 
research,  especially  in  the  direction  of  technology.  A  third 
need  will  be  to  improve  the  education  of  the  workman,  and 
to  secure  from  all  classes  of  the  community,  by  scholarships 
and  otherwise,  a  steady  supply  of  able,  well-trained,  and 
zealous  students  to  fit  themselves  for  the  conduct  of  scientific 
business  and  for  the  improvement  of  its  methods.  Referring 
to  the  great  burden  of  debt  we  shall  have  to  bear  after  the 
war,  the  report  recognises  that  we  shall  have  to  practise 
economy,  but  declares  that  to  stint  education,  study,  or  re- 
search will  be  the  worst  of  all  possible  forms  of  economy,  and 
that  it  is  certain  unless  we  are  prepared  to  spend  upon  edu- 
cation more  effort,  more  thought,  and  even  more  money  after 
the  war  than  we  did  before,  we  shall  not  regain  or  retain  our 
place  among  the  nations.  It  is  not  enough  for  tlie  State  to 
found  institutions  and  provide  scholarships  ；  it  is  necessary 
that  the  managers  of  industry  and  commerce  should  come 
to  know  the  value  of  scientific  training  in  their  advisers.  It 
is  necessary  that  scientific  training  should  he  recog- 
nised as  a  highly  important  qualification  for  directive  posts. 
Then  by  degrees  it  may  come  to  be  understood  that  scientific 
training  is  an  effective,  though  not  the  only,  means  to  ad- 
vancement. The  needs  of  the  nation  are  the  needs  of  the 
individual,  but  it  is  necessary  the  individual  should  under- 
stand them  and  feel  them  to  be  his  own.  Among  the  recom- 
mendations made  by  the  Committee  are  that  the  system  of 
scholarships  should  be  judged  from  the  point  of  view  of  the 
training  of  men  and  women  according  to  their  capacity,  that 
they  may  serve  the  needs  of  the  nation  in  the  manner  for 
which  they  are  best  fitted,  the  furtherance  of  industry,  agri- 
culture, and  connnerce  being  regarded  as  a  principal  need 
of  the  nation,  and  higher  education  as  a  means  to  this  end  ； 
tlie  extension  of  scholarships  to  students  from  evening  classes 
and  work  schools  to  technical  colleges  and  universities  ；  modi- 
fication of  matriculation  tests  at  universities  so  as  to  admit 
to  full  university  privileges  selected  scholars  trained  by  part- 
time  or  discontin  uous  instruction  ；  an  immediate  increase  of 
university  scholarships  to  women  ；  an  annual  grant  in 
aid  of  £100,000  for  strengthening  the  higher  parts  of  selected 
secondary  schools  in  order  to  hasten  the  extension  of  higher 
secondary  education  ；  State  maintenance  grants  of  £25  a  year 
to  1,500  selected  scholars  to  enable  tliem  to  continue  their 
secondary  education  from  the  age  of  16  to  18  or  19;  250 
scholarships  annually  at  a  cost  of  £67,500   for  secondary 


J)(  rh  if  shire.  Lrivt  stnshirr  "it, I  Sttf  tiniihuinshin  I'lij 
Iron  : 

Kor^o   

Foumlry  ininibors   

Lincttlnshirr  】*i'j  Iron  : 

Brtsir  or  i'oinulry   

ytn  thampfonshirv  l、"j  Iron  : 

Forgo   

Foundry  miiiihors   

North  Sfaffonlsh  'tn-  P'kj  Iron  : 

Forge   :  

Foundry   

Basic   

South  SfaffonLshirc,  Shropshire,  and  Worvi'stvrshirv 
rig  Iron  : 

"Part  mine  "  forge   

" Pai't  niiuo  ，，  foundry   

Cotuiuon  Staffordshire   

" All  mine  ，，  forge   

" All  mine  '，  foundry   

" Warm  air  "  forge  

" Warm  air  ，，  foundry   

Special  quality  Lord  Dudley's  silicon   

Cold  blast  iron   

Scottish  Foundrii  a nd  Forge  Pig  Iron  : 

Nos.  3,  4，  and  lower  grades  of  Monkland,  Dalmelling- 

,ton,  Egliiiton,  and  Go  van   

Nos.  3，  4，  and  lower  grades  of  all  other  brands   

No.  1  quality  (Scottish)  to  be  5s.  per  ton  above  these 
prices. 

To  the  above-mentioned  prices  for  pig  iron  a  sum  not  exceed- 
ing 1 丄  per  cent,  on  such  prices  may  be  added  in  the  case  of 
sales  by  persons  other  than  the  makers. 

Maximum  Basis  Prices  for  Steel. 

£  s.  d. 

Ship  plates,  Jin.  and  over    11  ]0  0 

Boiler  plates    12  10  0 

Subject  to  extras  for  special    thickness,    sizes  and 

qualities  not  exceeding  those  customary  in  district 

of  mannfactnre. 

Angks,  ordinary  sizes    11    2  6 

Joists,  ordinary  sizes    】1    2  6 

Rails  (railway),  over  GOlbs.  per  yard    10  17  6 

Sheet  ami  tin-plate  bars   -.   ]0    7  6 

Blooms  and  billets^  ordinary  mild  steel    10    7  6 

Blooms  and  billets,  special    11    0  0 

Rounds  and  squares,  3in.  to  5 -J in.  diameter  or  square 

(untested)    12  10  0 

Te^s,  channels,  flats,  bulb  angles,  zeds,  and  other  sections  of 
、vliich  the  prices  are  customarily  based  on  the  price  of  angles  to 
be  at  price  of  ancles,  sn])iert  to  extras  not  exceed itm  those 
piiWislwl  ill  any  list  recogniswl  by  the  trade  in  the  district  of 
mannfaftnre  and  current  on  July  7.  1916. 

All  ^^nhject  to  extras  for  special  sizes  and  qualities  not  exceed- 
ing those  puhlislied  in  any  such  list  as  above. 

Heavy  steel  melting  scrap   £5.  10s.  per  ton  delivered 

buyers'  works. 

Turnings  and  borings   £2.  15s.  per  ton  delivered 

buyers'  works. 
Ma.rimum  Frier  for  Bn r  Iron. 

Standard  quality,  ordinary  sizes  and  merrlia,its，  lengths,  £13.  15s. 

per  ton  net,  f.o.t.  makers'  works. 
Markejl  bars,  ^】5  per  ton  less  2i  per  cent,  f.o.t.  makers'  works. 

^"bjeet  to  extras  for  special  sizes  and  qualities  not  exceedinj^ 
those  published  in  any  such  list  as  above. 

To  the  above  mentioned  prioos  for  bar  iron  and  st<、('l  a  sum  not 
exceeding  2*  per  cent,  on  sncli  prices  may  be  added  in  the  case 
of  sales  by  persons  other  than  the  makers. 

Maxhnvin  Friers  for  Ilhjh  sitra]  Tool  SfrrJ. 
Fiiii'sht'd  bars,  14  per  cent,  tungsten  ...2s.  lOd.  per  Ih.  delivered 
^.  .  buyers'  works. 

* inished  bars.  18  per  cent,  tungsten  ...3s.  lOrl.  por  lb.  rlolivered 

buyers'  works. 
(Subject  to  usual  extras  for  special  sizes.) 

Scrap : 

Millings  and  turnings,  5d.  per  lb.  net,  delivered  steel-makers' 
works. 

Bar  ends,  6d.  per  lb.  net,  delivered  steel  makers'  works. 

All  communications  with  reference  to  the  above  order  and 
permit  should  be  made  to  the  Director  of  Materials,  Armament 
Buildings,  Whitehall  Place,  London,  S.W. 


^  o  o  "  ,h  o  o  o  o  060000066  o  6 

a,*  ro  7  7  9-  o  2  5  o  2  5  o  5  o  o  7  7  4  5 

111  11  11  111  11 

£44  4  4  4  444  444557  7  /  8  5  5 
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school  students  to  pursue  scientific  or  technical  subjects  at 
the  universities.  Other  recommendations  are  made  by  the 
Committee  for  the  extension  of  university  scholarships,  the 
total  initial  cost  of  which  to  the  nation  is  estimated  at 
£329,500. 


PARTICULAR  USES  OF  BRONZE  IN  MOVABLE  BRIDGES.* 

BY   CLEMENT  E.  CHASE, 

For  each  of  the  several  distinct  uses  of  bronze  in  bridge  work, 
there  is  doubtless  one  composition  that  best  combines  entirely 
satisfactory  quality  with  minimum  cost,  but  conditions  vary 
so,  and  scientific  research  into  the  matter  is  so  meagre,  that 
it  is  hardly  possible  to  do  more  than  indicate  the  desirable 
qualities  and  name  some  compositions  which  have  proved 
satisfactory  in  service.  Further,  most  of  these  uses  of  bronze 
are  not  really  severe  tests  of  bearing  metals,  in  that  the  loads 
usually  are  determined  by  other  considerations  than  the 
strength  of  the  metal,  and  that  the  bearings  are  not  used  con- 
stantly enough  in  motion  to  make  endurance  to  wear  or  heat- 
ing difficult  problems. 

Of  the  desirable  qualities,  it  is  first  important  that  the 
friction  be  as  little  as  possible.  Theoretically,  the  harder  the 
bearing  metal  the  better  as  to  friction,  and  consequently  heat- 
ing will  be  reduced.  However,  this  presupposes  perfect  ad- 
justment between  bearings  and  the  rotating  parts,  as  other- 
wise tliere  will  be  excessive  wear  and  heating  at  the  points  of 
contact.  From  this  has  come  the  conception  of  the  ideal 
bearing  metal  as  one  containing  a  hard  constituent  to  support 
the  load  and  a  soft  constituent  to  act  as  a  plastic  support  for 
the  harder  grains.  In  this  case  the  yielding  of  the  soft  con- 
stituent will  remedy  the  irregularities  of  bearing. 

For  some  uses  the  resistance  to  wear  may  decide  between 
the  various  bronzes.  Tests  in  the  laboratory  and  in  actual 
practice  have  shown  that  the  softer  bronzes  wear  less,  and  that 
the  bronzes  with  lead  content  are  superior  in  this  regard  to 
those  without,  and  that  this  advantage  increases  with  the  pro- 
portion of  lead. 

A  certain  amount  of  strength  in  compression,  to  resist 
pressure  without  flowing,  is  required.  Computed  unit  stresses, 
however,  usually  are  low,  as  they  commonly  are  fixed  in  the 
case  of  trunnions  or  journal  bearings  by  tlie  amount  that  will 
allow  the  maintenance  of  an  oil  film  between  rotating  part 
and  bearing.  When  used  in  gears  or  worms,  the  strength  to 
resist  tension  is  an  important  quality.  The  hardness  of  tlie 
bearing  must  be  regulated  to  that-  of  the  rotating  parts,  lest 
the  latter  suffer  from  abrasion. 

The  bronze  should  be  as  free  from  brittleness  as  compatible 
with  its  other  qualities,  as  it  may  be  exposed  to  shock  botli 
before  and  after  being  placed  in  use.  It  is  a  common  expe- 
rience for  a  bronze  bushing  made  to  meet  the  requirement  of 
24,000lbs.  or  27,0001bs.  minimum  elastic  limit  to  crack  in 
machining  or  handling.  There  is  also  the  risk  of  this  happen- 
ing after  the  bearing  is  in  use.  C.  H.  Mercer,  chief  engineer 
of  the  Pennsylvania  Steel  Company,  writes :  "  We  have  had 
no  reports  of  breakage  due  to  material  being  too  soft,  but 
have  had  one  report  of  the  bearing  breaking  on  account  of 
being  too  hard.  A  sample  was  taken  from  the  broken  piece 
and  it  developed  21  per  cent,  tin/' 

Uniformity  of  structure  and  freedom  from  oxides  are 
necessary  features  of  good  bronzes.  Fineness  of  microstrncture 
is  important  in  that  this  is  found  to  accompany  high  physical 
properties  and  wili  have  an  important  effect  on  tlie  wear  of 
both  the  bearing  and  the  rotating  part.  Considering  the 
agency  of  wear  as  the  dislodging  of  the  hard  particles  from 
the  soft  matrix,  it  is  seen  to  be  an  advantage  that  these  par- 
ticles be  as  small  as  possible.  Some  day,  it  is  hoped,  micro- 
scopic examination  for  structure  may  be  required  for  impor- 
tant bearings.  These  are  the  four  following  distinct  classes  of 
duty  for  bronze  in  connection  with  movable  bridges : ― 

(1)  For  centre-bearing  discs  or  drawspans,  working  be- 
tween surfaces  of  hardened  steel  at  low  speed  and  under  heavy 
pressures  of  from  3,0001bs.  to  3,5001bs.  per  square  inch.  When 
used  in  this  way  there  is  a  chance  of  poor  lubrication  due  to 
the  oil  film  being  squeezed  out  during  the  periods  of  rest.  To 

•  From  the  report  of  Sub-committee  C  to  th('  American  Railway  Engineering 
Association. 


reduce  the  friction  of  turning  and  meet  the  unit  pressures,  a 
hard  bronze  is  necessary.  Wear  will  not  be  an  item  of  im- 
portance, as  the  number  of  revolutions  during  the  lifetime  of 
a  bridge  would  never  cause  appreciable  wear.  Centre-bearing 
discs  are  commonly  used  against  hardened,  or  at  least  liigh- 
carbon,  steel  surfaces,  so  that  the  hardness  of  tlie  bronze 
usually  need  not  be  limited  by  fear  of  abrasion.  The  lenti- 
cular shape  of  the  discs  and  the  manner  in  which  the  load  is 
applied  make  the  risk  from  brittleness  a  minimum.  The  use 
of  phosphorus  in  the  bronze  will  aid  in  securing  both  hardness 
and  freedom  from  oxides. 

An  extremely  hard  bronze  usually  is  specified,  the  require- 
ineiit  for  elastic  limit  in  compression  being  a  minimum  of 
24,0001bs.  or  27,0001bs.  per  square  inch,  with  a  set  under 
100,O00Ibs.  per  square  inch  of  not  over  J^in.  Tool-steel 
bearing  surfaces,  often  oil-hardened,  are  commonly  used  with 
this  bronze.  The  foundry  must  make  a  bronze  with  tin  con- 
tent about  20  per  cent,  and  phosphorus  0*8  to  12  per  cent, 
to  meet  this  specification,  which  places  no  limit  on  hardness. 
The  result  is  an  extremely  brittle  material  that,  the  bridge 
shops  have  learned,  must  be  handled  with  every  precaution. 
Test  results  on  bronze  made  to  this  specification  frequently 
show  elastic  limits  of  from  30,0001bs.  to  40，0001bs.  per  square 
inch  in  compression.  The  bearing  surfaces  are  very  apt  to 
warp  slightly  in  hardening  after  being  macliined,  and  it  then 
becomes  a  very  difficult  matter  to  secure  uniform  bearing  on 
the  disc.  The  writer  believes  that  a  somewhat  softer  bronze, 
with  tin  content,  about  16  to  18  per  cent,  (elastic  limit  about 
20,0001bs.  or  24,0001bs.  per  square  inch),  working  between 
high-carbon  (not  hardened)  steel  bearing  surfaces  would  be 
found  equally  satisfactory  in  service.  For  working  in  the 
shop  it  would  be  greatly  superior  to  the  harder  metal,  and  a 
uniform  bearing  would  be  comparatively  easy  to  obtain. 

(2)  For  trunnion  bearings  carrying  medium  or  structural 
steel  trunnions  at  low  speed  under  moderate  computed  pres- 
sures, usually  from  l,5001bs.  to  2，0001bs.  per  square  inch. 
These  unit  pressures,  computed  on  the  projected  area  of  the 
trunnion,  are  limited  to  these  amounts  by  considerations  of 
lubrication.  A  hard  bronze  is  desirable  for  two  reasons  ： 
First,  during  periods  of  rest  the  oil  film  may  well  be  squeezed 
out  and  then  a  hard  bronze  is  advantageous,  as  friction  will 
be  less  and  tlie  chance  of  gripping  of  the  trunnion  less.  Fric- 
tion is  important,  as  tlie  power  consumed  in  opening  and 
shutting  tlie  bridge  will  depend  largely  on  it.  Second,  it  is 
entirely  probable  that  the  actual  unit  pressures  in  the  surface 
of  contact  between  trunnion  and  bearing  are  for  a  long  time, 
possibly  always,  considerably  in  excess  of  those  computed. 
Wear  is  not  important  in  this  case.  Trunnions  are  commonly 
of  structural  grade  steel,  and  B.  R.  Leffler  refers  to  two  cases 
in  which  shafts,  where  a  very  hard  bronze  was  used,  became 
abraded.  The  possibility  of  unevenness  of  the  support  of 
the  bushing,  its  comparative  thinness  and  the  chance  of  shock 
make  the  question  of  brittleness  rather  important.  The 
breakages  in  haudling  in  the  shop,  and  during  and  after  erec- 
tion, usually  have  occurred  in  bronzes  of  this  type  when  made 
of  hard  (20  per  cent,  tin)  bronze.  While  phosphor  bronzes 
of  the  hard  type  (copper  80-82  per  cent.,  tin  20-18  per  cent.) 
have  been  used  frequently  in  trunnion  bearings,  as  also  lias 
been  the  standard  lead  bronze  (copper  80  per  cent.,  tin  10  per 
cent.,  lead  10  per  cent.),  the  medium  bronze  recommended  by 
Mercer  and  incorporated  in  Leffler's  specifications,  seems  for 
many  reasons  best.  The  physical  qualities  can  be  met  with  a 
bronze  of  about  14  per  cent,  tin  content. 

(3)  For  shaft  bearings  working  under  light  loads  at  high 
speeds.  In  this  case  wear  is  a  matter  of  first  importance,  as 
it  usually  is  a  matter  of  great  difficulty  and  expense  to  replace 
the  bushings  of  an  important  bearing  in  tlie  macliinery  of  a 
movable  bridge.  This  makes  a  fairly  soft  lead  bronze  desir- 
able. Lubrication  usually  can  be  counted  on  to  be  continuous, 
and  tlie  pressures  hardly  are  great  enough  to  make  it  likely 
that  the  shaft  would  be  g^ripped  even  if  the  bearing  ran  dry 
for  a  short  time.  The  tin  content  should  be  comparatively  low, 
because  it  then  is  easier  to  have  the  lead  u niformly  distributed 
throughout  the  casting.  For  uniformity  and  freedom  from 
oxides  which  may  cause  heating,  phosphor  bronze  should  be 
used.  The  standard  ，，  lead  phosphor  bronze  (copper  80  per 
cent.,  tin  10  per  cent.,  lead  10  per  cent.)  is  used  commonly  and 
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])rol)ably   is  as  well  adapted  as  any  other  to  the  pm'i)()s<». 
Specifications  should  not  call   for  pl'iysical  properties  iiicoin 
patible  wit li  these  proportions. 

(4)  For  gears  and  worms,  requiring  resistance  to  both  ten- 
sion and  wear  The  composition  must  he  hard  so  as  not  to 
How,  but  not  so  hard  that  the  pinion  or  gear  that  is  en^a^ed 
will  becoTue  abraded,  nor  brittle,  as  shock  is  very  likely  to 
occur.  High  tensile  st  rengtli,  ductility,  and  denseness  are 
prime  requisites.    A  lead  bronze  is  unsuitable,  too  soft 

and  uncertain  in  tension.  Probably  there  is  nothing  better  for 
this  use,  where  its  strength  is  sufiicient,  than  tlie  venerable 
gun-metal  formula,  copper  88  per  cent.,  tin  10  per  cent.,  zinc 
2  per  cent.  This  is  familiar  to  most  foundries,  and  splendid 
sound  castings  can  be  obtained.  Phosphorus  does  not  seem 
necessary  with  the  zinc  present,  and  some  authorities  assert 
that  the  bronze  is  injured  by  ilie  presence  of  both. 


SOME  CAUSES  OF  RAIL  FAILURES,* 

BY  .1.    S.  UNGER. 

Rail  manufacturers  have  been  engaged  for  years  in  making 
studies  and  iiivesligations  looking  towards  rail  improvement, 
begiiniiiitr  with  tho  manufacture  of  the  steel  and  through  all 
the  subsequent  operations  to  the  finished  product.  In  all 
rails  the  primary  consideration  is  safety,  durability,  aiul 
cost .  The  severity  of  modern  railroad  service  makes  it  neces- 
sary that  every  effort  be  made  to  ensure  safety  as  well  as  to 
produce  more  durable  rails.  Heavier  rails  are  necessary  to 
meet  tliese  severe  conditions.  The  heavier  rail  is  an  im- 
provement when  it  is  not  merely  an  added  weight  of  51bs.  to 
lOlbs.  per  yard,  which  is  one-third  of  that  per  foot,  but  a 
pronounced  increase  in  size.  Weight  in  rails,  except  as  it 
affect's  cost,  is  not  objectionable,  as  it  is  not  a  moving  load. 
The  impression  exists  that  heavy  rails  lack  ductility.  This 
is  true  in"  a  comparative  sense  only.  A  heavy  rail  cannot  be 
distorted  to  the  same  extent  as  a  light  rail.  A  re-rolled 
30-lb.  rail  will  stand  more  bending  than  a  100-lb.  rail  from 
which  it  has  been  rolled,  even  though  the  finishing  tempera- 
tures were  the  same.  This  is  to  be  expected,  as  a  similar 
condition  exists  when  any  article  of  steel  is  compared  with 
one  of  heavier  section  made  from  the  same  steel.  A  piece  of 
wire  can  be  bent  more  than  a  Sin.  axle,  although  both  may 
be  made  of  the  same  steel.  There  is  a  growing  tendency  at 
the  present  time  on  some  railroads  to  install  heavier  rails. 
One  railroad  has  installed  135-lb.  sections  on  its  fast  pas- 
se ng^er  tracks,  and  another  system  has  recently  placed  a  large 
order  for  1 30-lb.  rails.  Some  of  the  very  heavy  sections  have 
not  proved  to  be  quite  as  satisfactory  as  was  expected  at  tlie 
beginning  of  their  use,  but  later  experiments  with  some  modi- 
fications have  given  satisfactory  results.  It  would  be  idle  to 
predict  where  this  increase  may  end,  but  a  200-lb.  rail  is  a 
future  probability.  A  new  rail  mill  at  the  Edgar  Thomson 
Works,  at  Bessemer,  Pa.,  was  completed  early  in  the  present 
year.  This  mill  is  capable  of  rolling  rails  up  to  1501bs.  per 
yard  and  will  be  able  to  supply  any  demand  for  heavier  rails 
for  some  time. 

In  looking  towards  possible  rail  betterment,  tlie  Edgar 
Thomson  plant  is  using  an  ingot  23iin.  square,  instead  of  the 
smaller  ingot  used  by  many  of  the  older 川 ills.  This  ingot, 
is  bloomed  at  the  beginning  in  a  tandem,  2-liigli,  non-revers- 
ing 48in.  mill,  with  two  passes  in  each  stand.  Tlie  ingot  first 
goes  through  a  pass  in  the  first  stand,  then  is  turned  9(^ 
and  given  a  pass  in  the  second  stand.  It  is  then  returned  to 
the  first  stand  by  a  turntable  and  carrier,  again  turned  90°, 
given  another  pass,  turned  again  and  given  a  last  pass  in  the 
second  stand,  thus  rolling  tlie  ingot  on  all  sides,  'turning  at 
every  pass  before  being  sent  to  the  3-high  40in.  reversing 
bloonung  mill,  which  completes  the  blooming.  The  bloom 
is  then  sheared,  reheated,  and  rolled  on  the  rail  mill. 

The  advantages  of  preliminary  blooming  lie  in  the  large 
fillets  used  in  the  rolls,  avoiding  any  tearing  at  tlie  corners 
of  the  ingots,  the  very  slow  rolling  speed  employed  giving  a 
kneading  action  to  tlie  plastic  surface  of  the  ingot,  and  the 
rolling  on  all  sides,  working  all  surfaces  of  the  metal  equally. 
This  mill  has  been  rolling  130-lb.  rails  for  some  time.    To  give 
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an  idea  of  I  lio  (pialily  of  1  lieso  heavy  rails,  not.  a  niiigle  rail 
l);is  i'ailod  ill  any  of  the  mechanical  tests  made  at  this  works 
">  (late.  Other  features  of  this  mill  are  noteworthy,  among 
t liein  heint^  the  conunodious  iiiuler^M'ound  passages  1o  t ho 
mill  niacliinery  and  to  the  soakin"'  pits.  This  facilitates 
making  changes  in  1  lie  mill  equip""""  when  il  is  necessary. 
The  investitralions  of  the  rail  manufacturer  have  not  only 
covered  t lie  nuimifact ure  of  rails,  but  also  some  of  the  causes 
of  rail  failures.  I  do  not  believe  a  rail-test in^  niacliine  can 
be  built  which  will  exactly  irtiilate  service  conditions.  The 
vibration  and  loading  niigj",  be  imitated,  but  to  imitate  tlio 
speed  at  wliidi  they  are  applied  would  be  difficult,  if  not 
impossible.    In  studying  rail  failures,  a  study  should  be  made 

some  of  the  causes  which  may  assist  in  producing  them. 
Bad  gauging  of  track,  worn  wheel  tread  and  flanges,  flat  spots 
on  wheels,  poor  trucks,  poor  sub-grade,  insufficient  ballast, 
improper  counterbalance  on  engine,  l)ad  ties,  and  Insufficient 
area  of  contact  between  wheel  and  rail  should  be  considered. 
Rail  maintenance  and  tlie  condition  of  rolling  stock  exercise 
an  important  influence.  Rails  rarely  break  on  trestles,  crane 
runways,  or  bridges.  When  failures  occur  at  these  points, 
they  are  due  to  crushing  or  split  iieads,  wliicli  are  noticeable 
and  can  be  removed  before  an  accident  occurs.  In  an  acci- 
dent, a  broken  rail  may  show  better  quality  than  the  adjoin- 
ing or  opposite  rails  which  did  not  break. 

The  question  might  be  asked  here  ：  When  is  a  rail  a  good 
rail  ？  Rail  failures  are  few  when  compared  with  the  number 
of  rails  used  annually,  and  would  not  be  considered  serious 
in  most  of  the  ordinary  articles  made  of  steel.  Rail  failures 
are  greatly  dependent  on  climate  and  locality.  A  railroad 
official  of  a  road  in  the  north-west  claimed  he  could  examine 
his  monthly  record  of  broken  wheels  and  rails  and  determine 
the  date  at  what  point  on  the  road  they  had  extremely  cold 
weather.  This  statement  is  borne  out  in  drop  testing  rails 
at  temperatures  from  50°  Fah.  to  100°  Fah.  below  zero,  which 
showed  a  pronounced  falling  off  in  resistance  to  shock.  In 
these  tests,  the  added  effects  of  a  frozen  roadbed  could  not  be 
studied.  Another  western  road  liad  two  and  a  half  times 
as  many  rail  failures  annually  per  mile  of  track  on  one  por- 
tion ill  which  the  sub-grade  was  largely  clay,  as  compared 
with  aiiotlier  portion  of  t rack  on  a  sandy,  porous  sub-grade, 
the  traffic  and  rail  section  being  the  same  in  each  case.  An 
official  of  this  road  stated,  "  These  facts  seem  to  confirm  the 
statement  '  there  are  indications  that  rail  failures  are  a  ques- 
tion of  geography.'  "  An  experiment  under  my  supervision 
verifies  this  statement,  when  I  found  a  piece  of  track  about 
500ft.  long  in  which  rails,  splices,  and  fastenings  failed  much 
more  rapidly  than  in  the  track  on  either  side.  The  track  was 
perfectly  straight,  the  fill  for  sub-grade  of  the  same  material, 
the  rails,  ties,  and  ballast  alike.  No  apparent  reason  could 
be  found  for  the  difference  in  performance,  until  it'  was 
pointed  out  that  the  railroad  crossed  an  old,  abandoned  canal 
bed,  wliere  the  ground  liacl  remained  soft  and  swampy  for 
years. 

Transverse  fissures  appear  as  a  new  rail  disease.  Appa- 
rently composition  is  not  responsible  for  their  occurrence,  as 
they  are  found  in  both  segregated  and  unsegregated  rails  and 
from  every  part  of  the  ingot.  Lack  of  ductility  of  tlie  steel 
cannot  be  charged  against  it,  as  of  102  rails  removed  for 
transverse  fissures,  more  than  one-half  had  an  elongation  of 
over  10  per  cent.,  while  one  of  the  rails,  giving  only  seven 
mouths*  service,  had  14  per  cent,  elongation.  From  incom- 
plete investigations  made,  transverse  fissures  appear  to  be  a 
kind  of  detailed  fracture,  the  result  of  a  combination  of  cold 
rolling  or  working  of  the  metal  in  service  and  vibration  of 
the  rail.  The  results  so  far  indicate  they  may  be  produced 
on  a  new  or  worn  rail  at  any  point  desired.  If  this  can  be 
])roven,  the  answer  is  obvious.  A  rail  must  be  so  strong,  or 
so  well  supported  that  it  cannot  vibrate.  I  have  made  many 
enquiries,  but  have  not  heard  of  a  case  of  a  transverse  fissure 
on  a  well-supported  rail,  as  on  a  bridge.  Some  engineers 
go  so  far  as  to  reconinieiid  that  a  rail  l)e  laid  on  a  lono^itiulinal 
girder  to  support  it. 

Rail  durability  can  be  obtained  by  several  methods. 
Alloy  steels,  of  which  manganese  steel  is  a  good  example,  is 
one  method,  but  its  cost,  except  for  special  locations,  as  yards, 
switches,  terminals,  or  congested -traffu*  points,  is  prohibitive. 
Heat-treated  rails  of  alloy  or  carbon  steels  have  shown  less 
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wear  in  tlie  few  service  tests  made  to  date,  and  are  another 
example  of  possible  iiiiproveiiienl  in  rail  durability.  Kail  im- 
provement will  be  made.  This  result  will  probably  be  reached 
by  using  the  best  steel  obtainable.,  an  increase  in  size  of  section, 
and  the  best  possible  maintenance.  A  combination  of  these 
factors  should  lead  to  a  settlement  of  the  rail  question. 


BRITISH  INDUSTRIES  AFTER  THE  WAR. 

The  Board  of  Trade  announce  that,  in  view  of  the  wide  range 
of  the  industries  included  within  the  scope  of  the  Committee 
appointed  to  deal  with  the  position  of  the  iron,  steel,  and 
engineering-  trades  after  the  war,  and  in  order  to  expedite  the 
enquiry,  the  President  has  decided  to  sub-divide  the  work  of 
the  Committee  between  two  committees,  dealing  with  the 
engineering  trades,  and  the  iron  and  steel  trades,  respectively. 
He  has  accordingly  appointed  the  two  following  committees  : ― 

For  the  Engineering  Trades ― Sir  Clarendon  Hyde  (chair- 
man) ； Mr.  Arthur  Balfour  (Sheffield)  :  Mr  A.  J.  Hobson  ； 
Mr.  W.  B.  Lang;  Sir  Hallewell  Rog^ers  ；  Mr.  H.  B.  Howell  ； 
and  Mr.  Douglas  Vickers.  Mr.  A.  F.  Ilsley  will  act  as 
secretary  to  the  committee. 

For  the  Iron  and  Steel  Trades ― Mr.  G.  Scoby  Smith 
(chairman)  ；  Sir  Hugh  Bell,  Bart.  ;  Mr,  Archibald  Colville  ； 
Mr.  James  Cox  ：  Mr.  James  Gavin  ；  Mr.  George  Mure  Rit- 
chie ； Mr.  Henry  Summers  :  and  Mr.  Benjamin  Talbot.  Mr. 
C.  R.  Woods,  of  the  Board  of  Trade,  will  act  as  secretary 
to  the  committ'ee. 


NEW  PATENTS. 

Sped fi cations  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  receipt  of  8d.  Address 
" Mechanical  Engineer,"  5S,  New  Bailey  Street,  Manchester, 

MECHANICAL,  1915. 

Distillation  of  heavy  oils,  oil  rosiduos,  and  bitumons.  Hall  -  4508. 
Mothocl  of  working  intoi'nal- combustion  engines.  FtM-giison.  6419. 
Method  of  regulating  and  measuring  the  proportional   flow  of 

liquids  or  liquids  and  gases.    Loa.  9067. 
Goar-rolling  machines.    Andorson.  9154. 

Tool  holders  for  lathes  and  similar  machines.    Schollenbach.  9290. 

Metallic  packings.    Trist.  9356. 

Rota  I  y  pumps  and  en  pines.    Fettor.  9431. 

Rotary  pumps  and  motors.    Marks.    9501  - 

Moclianisni    for   converting    reciprocating;   in    rotary  nioveimMit. 

Candolon.    9G38.  ' 
Method  of  ;uh1  apparatus  for  extracting  and  discbn iK'i^K  fon- 

den  sate  and  air  fmm  a  oond(^nsor.    Gos.  fur  Kaltciiidnstrio. 

9724. 

Ca  1*1)11  rotters  for  explosion  motors.    Laoluuiiay.  9861. 

Moans  for  supplying  fuel  to  into r n a  1  -com b u s t i o n  engines.  Thomas, 

n<M  k,  &  Mor^nii.  9973. 
Metallic  packing,    fiowie  &  Samples.  9998. 
(,"tti"g 力 ff  lathe.    Swinnoy.  10758. 
I?;n!\v;ry  rail  joints.    MacfM'.  1113:1 
Ir)t(*rnal"<'oml)iist ioti  cn^'nos.    Cox.    12251 . 
Drill  tool  sViarjxMiinp;  machines.    Christiansen.  12467. 
TVsting  ma  eh  in  OS  with  "('('("'(ling  n  ppiirjitiis       Sarnl.  DtMiison  and 

Son,  Ltf] . ,  Dcnison,  nnd  lirow  ii. 
MiU'liiiios   for   (，； isting  motallic   tubes.       Do   Lav  and  &  Aivns. 

14930. 

Oil  atomisers.    Hrown  A:  Hall.  10011. 

Tilting  crucihh*  fiu-iiaccs.    Alkhvys  A:  Onions  Pm'imiatic  Kiigimw- 

iiig  Company,  and  Nic-liolson.  1G394. 
Klcxihlo  tubular  .joint  or  coupling.    Kruger  tV:  Kinder.  18002. 
Chains.    Hughes.  18097. 

1916. 

Universal  joints.    Titniiia  Scliiit'binaschinoii  Gcs.  528. 

Method  of  and  iii>p;n;itiis  fV>r  pnxlucing  ril)b(Hl  !>i】>('s  and  tiil》（、s. 

O.  V.  Carchqf.  880. 
Pistons    for    int<、rnal  ('on 山 ustimi    (Mi^iin-s.      Hmiihcr,   Ltd.,  and 

F.  T.  Bm'gcss.  1741. 
I)(»vi((»s    for    atitoniatically  controlling   tl"、    Icjul    of    ignition  in 

intoriiiil  roinlmstion  ('ngiiu's.     \j. 】{('n;iult.  17()5. 
Kotar.v  pneumatic  drills.    AV.  ，J.  Mcllcrsli  ,J:i<'kson.  2910. 
C/onif)in<'<l  variable  sjK'od  gears  niul  sta vU^r  lor  iiit(".ii;iU  (>mb'isti(>ii 

criKincs.    K.  M.  Summorfiold.  3072. 
Ckintrifugal  pumps.    G.  &  J.  Weir,  and  (J.  K.  Lang. 


ELECTRICAL.  1915. 

Armour  clad  electric  switches.    Berry  &  Mark  ham.  7979. 

Telegraph  systems  and  apparatus  therefor.  British  Insulated  and 
Helsby  Cables,  Ltd.,  and  Harrison.  8712. 

Means  for  driving  dynamos.  Langdoii  Davies,  Soames,  and 
Naanilooze  Veniiootschap.  9282. 

Electrical  selectors  or  impulse  responders.  Relay  Automatic 
Telephone  Company,  and  Bygrave.  9345. 

Induction  motors.    British  Thomson-Houston  Company,  9557. 

Electric  motor-oontrol  systems.  British  Thomson-Houston  Com- 
pany. 9836. 

Switches  for  resistances.    Kamm.  12516. 

Electric  arc  lamps.    Mnckay.  12994. 

Sparking  plugs.    Guinness.  13088. 

Sparking  plugs.    Joly.  13733. 

Electric  adaptors.    General  Accessories  Company.  15460, 
Openiting  rotary  converters  and  other  alternating-current  luachi- 

nery.    Railing  &  Garnu'd.  15681. 
Combination  electric  turn  switch  and  wall  plug.    Begg.  15922. 
Electric  incai|descent  lamp  holders.    Bennett.  16349. 


1916. 


Igranic  Electric 


Means  for  controlling  electric  motor  circuits. 

Company.  1248. 
Electrical  systoms  for  engines.      C.  F.  Kettering,  and  W.  A. 

Chryst.  46S8. 

Magneto-electric  machines.    J.  W.  Miller,  and  M.  Col  lard.  5085. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  18th. 

Aluminium  ingot    ―    per  cwt. 

，，        wire,  according  to  sizes,  &c  from  ―  " 

,,        sheets       ,,  ,,   ，  一  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   l/4f  per  lb. 

，，    tubes  (brazed)    1/5  ，， 

，，        " (solid  drawn)    1/3  ，， 

，，       ，， wire    ，， 

Copper,  Standard    £88/—/—  per  ton. 

Iron,  Cleveland    82/6  ，， 

" Scotch    ―  " 

Lead,  English   £29/5/-  " 

，， Foreign  (soft)   £28/10/- ，， 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

，，  "       ，，         medium    3/6  to  6/—  " 

，，  ，，        ，，         large    7/6  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    29|d.  per  oz. 

Spelter  (American)   £44/—/-  per  ton. 

Tin,  block    £163/10/-  per  ton. 

Tin  plates,  I.C   32/—  per  box. 

Zinc  sheets    £75  per  ton. 


THE  SCREMERSTON  RAILWAY  ACCIDENT. 

The  report  issued  by  the  Railway  Department  of  the  Board 
of  Trade  into  the  derailment  of  the  passenger  train  from 
King's  Cross  to  Edinburgh,  which  occurred  on  the  North- 
eastern Railway  on  May  22nd  last,  as  the  train,  with  175 
passengers,  was  approaching  Screnienston  Station,  and  caused 
the  tender  and  seven  leading  vehicles  to  leave  the  rails,  though 
fortunately  without  injuring  anyone,  attributes  the  accident 
to  failure  of  the  spring  hanger  on  the  tender. 

Lieut. -Colonel  Donop,  who  made  tlie  enquiry,  states  that 
" The  broken  hanger  was  of  wrought  iron,  l^in.  diam.,  and 
from  the  portion  of  it  which  remains  it  is  evident  that  the 
breakage  was  due  to  an  interna]  flaw  in  the  metal  ；  it  is 
doubtful  whether  this  flaw  could  ever  have  been  detected  by 
inspection,  but  in  any  case  it  could  not  have  been  seen  unless 
the  hanger  liad  been  entirely  removed  from  the  vehicle,  as 
the  portion  of  it  where  the  flaw  occurred  was  covered  by  a 
bracket,  through  which  it  passed.  The  company  state  that 
the  present  form  of  spring  lianger  and  bracket  has  been  in 
use  for  many  years,  and  that  there  have  been  very  few  failures 
witli  them.  Tn  tlie  face  of  this  accident,  however,  it  would 
seem  advisable  for  t he  company  to  consider  whether  <iny  im- 
provement can  be  made  in  the  design,  with  tlie  view  of  either 
providing  additional  strength  or  of  facilits^ting  inspection/' 
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The  man  stood  on  tlie  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  tbeu  Riiotber  of  tbe  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  liim  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILEP 


NONLEAK 


jointing 

compound 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MA.JLEI 


FREE  FROM  LEAD  I 

IMPROVES  WITH  AGE  1 


TESTING  81.MPLBS. 


WILL  NEVER  BLOW  OUT,  SCALE*  OH  ROT. 

88.  Leeds  Koad, 


J.  E.  TURNER  &  C0.，  Ltd.,         Makers.  BRl'bFORDrYorks 


The  Practical  Metallography 
of  Iron  and  Steel. 


By  JOHN  S.  G.  PRIMROSE,  a.r.tc.  a.i.m.m  .m.i. 

Lecturer  on  Metallurgy,  and  demonstrator  on  Metallography  at  the 
Royal  Technical  College,  Glasgow. 

Price   3s.  3d.  Post  Free. 
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Every  Iron  and  Steel  Works  should  be  provided  with  a  metallographic  laboratory 
with  a  suitable  equipment  in  wbich,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  imi)ioved,  and  that  this  may  be  efficient,  every  worker  should 
be  familiar  with  Uie  principles  on  which  the  researcheR  are  based.  This  book  has 
been  prepared  for  the  use  of  tliose  who  are  commencing  tbe  study  of  metflUot^raphy. 
The  work  is  a  tlioroufiiily  practical  one,  theoretical  confiiderations  heinti  made  bb 
brief  as  possible.  Tlie  contents  comprise  exliauBtive  cbaptci-s  on  Microstructure 
of  Iron  and  Steel  ；  ConstitutioD  of  Iron  and  Steel  ；  Heat  Treatment  of  Iron  and 
Steel ;  Micrograpliic  Examination  of  Failures  ；  Metallographic  Apparatus  and  its 
Manipulation. 


THE  SCIENTIFIC  PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  Manchester. 


Failure  of  Diesel  Engine  Crankshafts* 

The  Diesel  Engine  Users'  Associal u.n  is  doing  ^^^xcelient 
service,  both  to  users  and  makers,  by  the  admirable  pape-i's 
and  discussions  it  has  initiated  respecting  the  special  drfficiil- 
ties  and  troubles  experienced  with  Diesel  engines.  -,.  -  Their 
remarkable  high-fuel  efficiency  goes  without  saying,  and 
though  the  increased  price  of  oil  has  detracted  largely  from 
their  intrinsic  economy,  even  from  the  fuel  ])oint  of  view,  as 
compared  with  steam  engines,  and,  therefore,  diminished  their 
chances  of  supplanting  the  latter  to  the  extent  which  their 
advocates  first  thought,  they  still  retain  special  features  which 
ensure  certain  fields  of  employment  as  tlieir  own.  On  the 
other  hand,  it  would  be'  idle  to  pretend  that  the  engine  has  not 
acquired  a  reputation  for  liability  to  serious  and  unexpected 
troubles  in  the  way  of  compressor  explosions,  as  well  as  expen- 
sive breakdowns  from  failure  of  crankshafts.  For  a  timei  these 
were  belittled  by  makers,  but  the  experience  of  insurance 
companies  in  this  connection  became  eventually  too  expen- 
sive to  permit  of  the  truth  being  minimised,  and  full  dis- 
cussion and  patient  investigation  replacing  commercial  bluff  is 
slowly  revealing  the  methods  of  overcoming  the  troubles  and 
difficulties  which  have  beset  the  earlier  path  of  this  iu  many 
ways  excellent  type  of  prime  mover.  A  typical  exam  pie  of  the 
way  in  which  these  are  now  dealt  with  was  illustrated  by  the 
special  investigation  and  discussion  instituted  by  the  associa- 
tion, with  regard  to  the  explosion  of  a  Diesel  engiiiei  compressor 
some  little  time  ago  at  the  Sinithfield  Markets.  The  light  thrown 
on  this,  and  incidentally  other' similar  failures,  by  the  special 
report'  prepared  by  Mr.  P.  H.  Smith,  was  most  instructive,  and 
greatly  to  the  advantage  of  both  makers  and  users.  An  equally 
valuable  contribution  regarding-  another  weak  point  iu  the 
c'oiisti'uctioH  of  Diesel  engines  has  also  been  made  by  Mr. 
Smitli  ill  a  impei'  read  before  the  last  meeting  of  the  associa- 
ui  "  Piecaiitioiijiry  Me.isures  to  Adopt  to  Prolong  the 
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Life  of  Diesel  Engine  Crankshafts,"  reproduced  i"  f-rfi/iso 
elsewhere  in  this  issue.  The  object  of  his  paper  is  to  show  that 
the  life  of  these  crankshafts  is  mainly  dependent  on  the  engi- 
neer-in-charge,  and  that  by  taking  reasonable  and  simple  pre- 
cautions it  may  be  prolonged  indefinitely.  Without  accepting 
this  dictum  in  its  entirety  it  may  be  conceded  that 
in  the  main  it  is  true.  Crankshaft  failures  have 
certainly  given  rise  to  much  anxiety  and  expense.  Mr. 
Smith  attributes  all  the  shaft  failures  he  has  met  with  to  lack 
of  alignment  of  the  main  bearings  as  a  result  of  unequal  rates 
of  wear,  though  in  some  cases  negligence  during  erection,  and 
in  others  defective  foundations,  have  been  primary  or  contri- 
butory causes.  In  his  paper  Mr.  Smith  limits  himself  entirely 
to  a  discussion  of  the  4-cycle  vertical  type  of  engine,  and  it 
would  appear  from  his  experience  that  the  type  of  engine  least 
liable  to  shaft  fracture  is  the  3-cylinder,  and  the  one  most 
liable  the  4-cvliiider.  The  manner  in  which  these  shafts  fail 
is  almost  invariably  through  the  crank  webs,  and  in 
4-cylinder  units  the  web  which  fractures  is  almost  invariably 
the  fourth,  counting  from  the  end  furthest  from  the 
flywheel.  Mr.  Smith's  conclusion  as  to  the  source  of  these 
failures  is  based  upon  a  study  of  a  particular  4-cylinder  type 
plant  installed  by  a  continental  firm  about  nine  years  ago,  and 
comprises  data  carefully  compiled  during  four  years  of  con- 
tinual observation.  The  details  as  to  the  leading  proportions 
of  the  engine  and  other  matters  are  fully  recorded  in  the  paper, 
along  with  the  results  of  his  observations,  and  therefore  we 
need  not  repeat  them  here.  It  is  sufficient  to  say  that  they 
fully  bear  out  the  conclusion  at  which  he  arrives,  and  show  how 
mysterious  and  apparently  inexplicable  troubles  yield  to' patient 
and  painstaking  observation,  just  as  simple  precautions  serve 
equally  to  prevent  tlieir  recurrence.  The  prevention  of  shaft 
fractures  resolves  itself  very  largely  into  preservation  of  the 
alignment  of  the  shaft,  and  Mr.  Smith  gives  some  good  prac- 
tical hints  with  respect  to  the  method  of  securing  this,  along 
with  some  suggestions  respecting  strength  and  proportions  of 
crank  pins  and  bearings  wliicli,  in  view  of  his  special  expe- 
rience, makers  and  users  would  do  well  to  take  note. 


DESIGN  AND  MAINTENANCE  OF  LOCOMOTIVE  BOILERS.* 

The  modern  locomotive  being  called  upon  to  maintain  high 
speed,  with  heavy  and  increasing  train  loads,  and  to  meet 
greater  demands  for  steam,  the  design  and  maintenance  of 
boilers  would  seem  to  take  precedence  over  any  other  part  of 
the  locomotive.  That  locomotive  designers  are  aware  of  this 
was  evident  from  the  various  means  by  which  a  nuiiiber  of 
roads  are  endeavouring  to  meet  these  conditions.  Among  the 
many  devices  tending-  to  show  the  efforts-  in  this  direction  may 
be  mentioned  a  firebox  co 川 posed  of  sectional  U-shaped  plates, 
with  similar  wrapper-sheet  construction,  riveted  together, 
which  eliminates  staybolts  ；  aiiotlier  firebox  which  consists  of 
s<|uared  water  tubes,  expanded  into  water  and  sieani  drums  at 
the  top  and  a  water  leg  at  the  bottom  eliminating  staybolts  on 
the  sides  of  firebox  ；  a  corrugated  firebox  ；  also  the  several 
types  of  water-tube  locomotive  boilers  ；  devices  to  improve  the 
circulation  around  the  firebox  ；  various  forms  and  adaptations 
of  combustion  chambers  and  brick  arches,  and  the  almost 
universal  adoption  of  sup^^rheaters. 

The  most  generally  adopted  iiii])rovernent  in  fireboxes 
aj)}>ears  to  be  the  use  of  coin])ustion  rhanibers,  eitlier  of  the 
ordinary  t ype  or  of  special  construction,  having  a  bridtje  wall 
wiili  air  inlets.  In  some  cases  the  adoption  of  combustion 
chambers  has  been  due  to  a  desire  to  avoid  excessively  long 
flues,  while  others  have  considered  that  the  construction  is 
desirable  from  its  being  inducive  to  longer  flame  travel,  in- 
creasine  firebox  temperatures  on  account  of  the  more  complete 
combustion  obtained.  The  increase  in  the  ratio  of  firebox 
volume  and  f^rate  area  is  held  to  be  beneficial,  producing  better 
steaming  boilers,  while  the  improved  combustion  has  the  effect 
of  eliminating-  black  smoke.  It  does  not  appear  that  the  main- 
tenance and  repair  with  combustion  chambers  is  greater  than 

•  Report  of  a  committee  presented  at  the  annual  convention  of  tho  American 
Railway  Master  Mechanics'  Association,  June,  1916. 


is  the  case  with  the  ordinary  construction,  while  the  life  of  the 
flues  is  greatly  increased  by  their  use. 

There  appeared  to  be  little  experimental  data  on  the  rela- 
tive evaporative  performance  of  boilers-  with  or  without  com- 
bustion chambers.  The  firebox  design  being  recognised  as  of 
paramount  importance,  there  has  been  a  general  trend  toward 
wider  water  spaces,  about  4iin.  to  5in.  for  the  sides  and  5hn. 
to  Gin.  at  the  front  being  representative  practice.  Firebox 
door  flanges  have  been  given  considerable  attention,  the 
majority  of  opinion  favouring-  flanging  the  sheets  toward  each 
other  ；  the  joint  in  many  cases  being  welded,  with  beneficial 
results,  from  the  elimination  of  rivets,  with  their  tendency  to 
collect  mud.  Some  state  that  the  welded  method  is  cheaper 
than  the  riveted  joint.  Cross  braces  are  used  as  a  matter  of 
necessity  on  Belpaire  fireboxes  and  boilers  with  flattened 
surfaces  and  to  some  extent  on  crown  bar  boilers. 

The  use  of  flexible  staybolts,  instead  of  tee  bars  and  sling 
stays,  to  support  the  front  end  of  firebox  has  become  quite 
general,  and  the  results  have  been  satisfactory.  In  order  to 
obtain  proper  bearing  for  flexible  radial  stays  which  are  at  a 
sharp  angle  with  the  wrapper  slieet,  one  road  reported  having 
pressed  out  bosses  in  the  sheet,  while  another  road  builds  up 
bosses  by  autoe^eiious  welding.  The  results,  giving  sufficient 
full  threads  through  the  sheets  for  the  bolts,  have  been  very 
satisfactory.  Regarding  venting  crown  sheet  in  case  of  low 
water,  two  roads  report  that  on  coal-burning  locomotives  they 
omit  the  button  heads  on  four  front  transverse  rows  of  stays. 
Another  reported  omitting  button  heads  on  the  sixth,  seventh, 
eighth,  and  ninth  rows  back  from  the  back  flue  sheets  for  the 
same  purpose.  The  majority,  however,  do  not  make  any  allow- 
ance for  this  contingency. 

Regarding  the  relative  value  of  firebox  and  tube  heating 
surface,  there  appeared  to  be  little  data  derived  from  tests. 
However,  the  accepted  value  assigned  to'  firebox  and  flue  heat- 
ing surface,  respectively,  on  basis  of  evaporative  capacity 
averages  about  6  to  1，  with  special  designs  of  firebox  claiming 
a  ratio  as  high  as  12  to  1.  The  most  effective  ratio  of  firebox 
volume  to  grate  area  seems  to  be  approximately  from  5*5  or 
6  to  1  for  bituminous  coal  and  4  5  to  4  85  to  1  for  anthracite 
coal. 

The  use  of  long  flues  is  not  favoured,  for,  while  the  total 
evaporative  capacity  of  the  boiler  may  be  increased  by  their 
use,  the  rate  of  evaporation  per  unit  area  of  heating  surface  is 
lower,  and  discounts  the  theoretical  increase  in  capacity.  In 
this  connection  tests  show  conclusively  that  there  is  a  gred^i 
variation  in  the  evaporative  value  of  the  boiler  tube,  about 
one-half  of  the  heat  being  transmitted  in  the  first  quarter  of 
the  tube  length.  It  appears  that  a  proportion  of  tube  length 
to  diameter  of  100  times  the  inside  diameter  is  most  satis- 
factory. Longer  tubes  do  not  require  any  greater  spacing 
than  reasonably  short  tubes.  The  addition  of  su]>erh eaters  is 
quite  general  and  superheaters  are  likely  to  be  used  on  all  new 
equipment,  with  the  possible  exception  of  some  few  roads 
which  are  not  certain  about  switch  engines.  The  ratio  of 
superheating;'  surface  to  total  saturated  heating  surface  seems 
to  vary  from  198  to  '29，  the  average  for  modern  power  being 
about  -27  to'  '29  for  boilers  with  combustion  chambers  and  *20 
to  "2*2  for  boilers  without  combustion  chambers. 

In  a  opener al  way  it  may  be  deduced  that  in  modern  prac- 
tice the  built-up  type  of  dome  is  being  generally  abandoned  in 
favour  of  one-piece  pressed -steel  domes.  In  regard  to  the 
elimination  of  boiler  seams,  no  general  effort  has  been  made, 
althoiigli  one  member  reports  satisfactory  results  from  combin- 
ing the  throat  sheet  and  bottom  half  of  last  course,  In  almost 
all  cases  firebox  sheets,  as  well  as  wrapper  sheets,  are  】nade  in 
one  piece.  There  does  not-  appear  to  be  any  development 
along  the  lines  of  welding  circumferential  seams.  The  support 
of  the  back  end  of  the  boiler  above  frames  seems  to  be  satis- 
factorily met  by  either  vertical  expansion  plates  or  by  expan- 
sion shoes. 

The  use  of  cylinder  volume  as  a  basis  in  designing  locomo- 
tive boilers,  as  outlined  by  this  association  in  the  proceedings 
of  1 897,  has,  with  the  development  of  new  and  larger  types  of 
locomotives  and  superheaters,  proved  unsatisfactory,  and  your 
com  mil  tee  is  of  the  opinion  that  better  results  are  obtainable 
from  ratios  based  on  cylinder  horse-power. 

The  most  interesting  feature  brought  out  by  the  conimittee 
in  connection  with  boiler  maintenance  is  the  wide  adoption  of 
autogenous  welding.  The  welding  of  flues  into  flue  sheets,  of 
firebox  seams,  and  the  application  of  patches  varying  in  size 
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from  small  crark  a  lul  pit  tin*:;  n、iiair  plali's  In  hii  ll'  side  sliccts 
aiul  l)ark  l"、mls,  ma rks  a  radical  and  ocoiiDinica I  im 、； ms  nC 
haiuHiiii;'  what'  has  luMTtot'oro  boon  a  diniciilt  and  oxpciisivc 
prohlom.  Both  electric  and  acot yltMie  welding  processes  luivc 
ho  (Ml  ustnl,  hut  we  are  unable  to  deterniino  winch  method  gives 
t  ho  hesti  results,  as  it  seems  to  lie  lar^'ely  a  matter  of  o|)ini()n. 
Firebox  seams  have  been  welded  sucvesst'iilly,  one  road  report- 
ing 14  engines  by  the  electric  process,  while  another  road 
reports  three  engines  with  all  seams  welded  l)y  the  acetylriio 
process.  Several  roads  report  having  side  sheet  seams  welded, 
with  little  or  no  trouble  experienced.  Occasionally  it,  has  Ikhmi 
necessary  to  re-weld  a  seam,  on  account  of  opening  \\\). 

Among  the  other  uses  to  which  the  electric  and  oxy- 
acetylene  j>rooesses  have  been  \nxi  is  in  cutting  off  old  snioki: 
boxes,  bui'niiig  off  staybolts,  instead  of  nicking  and  breaking 
them,  and  to  loosen  the  caps  on  flexible  staybolts  to  perniit  of 
easv  removal  without  damagiiig  threads.  The  autogenous 
processes  of  welding,  have  recently  been  used  to  quite  an  extent 
for  pitchiu 扒 r  in  fii'el)()xes.  Some  of  the  replies  indicate  that 
welding  can  be  done  at  about  40  per  cent,  of  the  cost  of  rivet- 
ing ； others  report  very  little  difTerence  in  cost.  The  methods 
of  patching  are  still  an  experiment  on  most  roads  :  others  are 
reporting  satisfactory  results.  Tlie  methods  preferred  seem  to 
be  a  matter  of  opinion  ；  the  patches  are  of  all  shapes  and  sizes  ； 
some  are  welding  by  lapping  the  plates,  others  by  bevelling  the 
patch  and  plate  and  filling  in  the  groove,  and  others  report 
patches  being  boxed  out  or  bulged  with  a  corrugation  for 
expansion,  but  from  the  replies  it  is  impossible  to  draw  a  con- 
clusion as  to  the  best  way  or  method.  Fire-door  openings  have 
also  been  replaced  by  welding,  with  success. 

The  practice  of  welding"  cracks  in  the  knuckle  of  flue  sheet 
is  quite  extensively  used,  in  most  cases  the  welding  being  done 
on  both  sides  of  sheet.  Two  roads  cut  out  the  crack  and  weld 
in  a  patch,  but  in  the  majority  of  cases  the  crack  is  filled  u]> 
without  patching.  While  some  roads  report  welding  in  half 
side  sheets  and  half  back  heads,  with  satisfactory  results,  the 
practice  has  not  yet.  become  general.  One  reports  welding 
brick  aroh  studs  on  side  sheets  of  firebox,  with  success,  but  no 
welding-in  of  arch  tubes  has  been  reported. 

The  methods  of  safe-ending  superheater  flues,  as  reported, 
are  rather  uniform,  the  usual  way  being  to  cut  off  at  the  small 
end,  scarf,  apply  safe  end,  and  "weld  in  flue-welding  machine. 
A  few  roads  report  that  they  have  welded  safe  ends  by  the 
electric  or  oxy-acetyleiie  process.  In  this  method,  afler 
scarfing,  the  flue  and  safe  end  are  separated  about  -^in.  and 
the  opening  filled  up,  rotating  the  flue  during  the  process.  It 
seems  to  be  accepted  practice  to  avoid  the  use  of  moie  than 
one  weld  in  a  superheater  flue  at  a  time,  which  is  accomplished 
by  increasing  the  length  of  safe  ends  in  successive  applications, 
the  old  weld  being  cut  off  and  a  long^er  safe  end  used .  Few 
roads  weld  safe  ends  to  the  enlarged  portion  of  the  flues. 
Results  are  in  most  cases  reported  as  being  satisfactory. 

The  usual  practice  in  setting  t.ul)es  appears  to  be,  for  the 
back  end,  to  insert  a  copper  fen'ule  in  the  hole,  then  roll, 
expand,  and  bead  the  flue,  after  which  the'  joint  is  cleaned  and 
welded  lightly  on  the  edge  of  the  bead.  One  road  reports  that 
copper  ferrules  are  not  used,  nor  flue  beaded,  but  welded  in  by 
the  electric  ])  roc  ess,  which  is  indicated  to  be  the  most  generally 
used  in  this  class  of  work.  Flues  in  the  front  flue  shest  are 
not  welded,  but  rolled,  and  about  10  per  cent,  beaded. 

While,  a  few  roads  are  rebuilding  old  locomotives  and  con- 
verting consolidation  types  to  ATikados,  and  Prairie  types  io 
Pacific  types,  there  is  no  general  trend  in  this  dirertioii. 
Many  roads  are  applying"  superheaters  to  their  more  motleni 
types  of  saturated  engines,  and  in  some  cases  at  the  same  tiiTie 
eliminate  old  styles  of  staying,  bracing,  &('.  The  application 
of  coTiibustion  chambers,  brick  arches,  and  outside  valve  gear 
has  been  reported  by  several  inenibers.  On  engines  having 
cylinders  smaller  than  20in.  diam.，  it  has  not  as  a  rule  been 
considered  advisable  to  apply  superheaters. 

In  view  of  the  development  of  the  locomotive,  it  is  the 
opinion  of  the  committee  that  the  ratios  of  1897，  being  unsuit- 
able, should  be  superseded  by  a  method  of  calculation  which 
will  meet  the  variable  conditions  imposed  by  modern  practice. 
The  reports  indicate  a  wide  departure  from  the  recommended 
practice  of  1897.  Ratio  of  grate,  area  in  square  feet  to  volume 
of  two  cylinders  in  cul)ic  feet,  for  simple  passenger  or  freight 
locomotives,  should  not  ])e  less  than  ：  four  for  large  anthracite 
L'oal  ;  nine  For  small  anthracite  coal  ；  and  three  for  bituminous 
coal .  From  the  replies  received,  for  modern  power  these 
ratios  have  been  increased  23  per  cent. 


1  1"'  I  'll  1"  "r  1"、"  I  ti;^  sui-riH-c  ill  S(|Uarf  I'-i't  "j  gnde  area  in 
scjuarc  tVcl ,  tor  simple  paHseri^er  and  I'n'i"""  1("'(川"" i ves, 
should  iinl  Ik-  k'ss  tli;in  ：  -10  for  large  fuit  liracilc  ；  20  lor 
small  a  111  liracite  coal  ；  a  nd  GO  for  ))it  uininous  coa  I .  I'，r"m  i  he 
replies  received,  for  niodoni  power  tlieso  rat  ios  lui  vc 
increa.sefl  28  ])er  cent . 

The  ratio  of  heat  in<;  hui  i'aco  in  squa";  feet  to  volume  of 
I  wo  cylind  its  in  fui>ic  feet,  for  simple  jiaHsenger  or  Ireight 
lm'oim)tivcs，  yliould  not  he  less  than  : 丄 80  for  large  auliiracite 
c'ojil  ;  200  for  srifall  anlhracile  coal;  and  200  for  bituminous 
('o;il.  From  the  replies  received,  these  ratios  for  modern  power 
have  been  increased  34  per  cent. 

The  com  in  it  tee,  therefore,  submitted  for  acloplioii  as  recorn- 
iiiended  practice  the  following  ratios  based  on  cylinder  horse- 
power : —— 

D  Diameter  of  cylinder. 

P  Boiler  pressure. 

A  Area  one  cylinder  diameter. 
H|>  Horse-power. 
TP  Tractive  power. 

d  Diameter  of  d rivers. 

S  Stroke  in  inches. 

( 1)  From  weight  limitation  on  drivers,  and  from  service, 
type,  &c.，  ol)tain  tlie  required  tractive  power. 

(2)  From  t  ract  i  ve  power,  boiler  pressure,  stroke  and  size 
of  drivers  obtain  diameter  of  cylinder. 

V  -SSxPxS 
H  p=  "02120  X  P  X  A  for  saturated  steam. 
H  p=  '02290  X  P  X  A  for  superheated  steam. 

Maximum  horse-power  assumed  to'  be  reached  at  the  follow- 
ing piston  speeds  :  Saturated  steam,  700ft.  per  minute  ；  super- 
heated steam,  1,000ft.  j>er  minute. 

The  following  figures  are  based  on  reports  from  various 
testing  plants  and  road  tests  made  under  difTerenl  cuiKlitions, 
and  are  liberal  and  can  be  iiioi'e  than  met  under  favourable 
conditions  : —— 

(3)  Estimate  total  steam  per  hour  from  : — 

H  ])  X  27"0  for  saturated  steam. 
H  p  X  20' 8  for  superheated  steam. 

(4)  Estimate  total  coal  per  hour  from  : ― 

H  p  X  4 '00 lbs.  for  saturated  steam. 

H  p  X  3*251bs.  for  superheated  steam, 
based  on  coal  containing  14,000  B.T.U.  per  pound,  using  a 
percentage  factor  for  poorer  or  better  grades  of  coal. 

(5)  Estimate  size  of  grate  from  total  coal  divided  by  120，  or 

Hp 


Grate  area 


Grate  area : 


30 

Hp 

.36-9 


for  saturated  steam. 


for  saturated  steam. 


(6)  Estimate  evaporation  of  firebox,  including  combustion 
chamber  and  arch  tubes,  if  used  : ― 

Sq.  ft.  firebox  heating  surface  x  55  =  evaporation  in  pound 
per  hour. 

(7)  Subtract  (6)  from  (3)  to  obtain  tube  and  flue  evapora- 
tion required.  Base  evaporation  in  lOlbs.  water  per  hour  per 
square  foot. 

(8)  To  obtain  percentage  of  boiler,  divide  total  pounds  of 
steam  proposed  boiler  will  evaporate  by  these  formulae  by 
pounds  of  steam  required. 

(9)  The  ratio  of  firebox  volume  to  grate  area  should  be 
a  bout  o'5  or  6  to  1,  for  liituniinous  coal  ；  4*5  or  4'83  to  1,  for 
anthracite  coal. 

The  ratio  of  length  to  diameter  for  tubes  should  be  about 
100  to  1  X  internal  diameter,  which  for  2iii.  tubes  would  give  a 
length  of  about  1  6ft.  and  for  2^in.  tubes  about  18ft. 

The  ratio  of  superheating  surface  to  total  saturated  heating 
surface  should  be,  without  combustion  chamber,  about  '22,  and 
with  combustion  chamber  about  '29. 

The  committee  was  greatly  impressed  by  the  possibilities 
of  the  pi'(x、esses  of  autogenous  welding  for  boiler  maintenance, 
and  ofFered  the  suggestion  that  a  committee  of  the  association 
be  appointed  for  the  purpose  of  assembling  and  analysing  all 
available  inforiiiaticm  on  this  important  subject,  with  a  view 
to  arriving  at  standard  luetliods  of  using  t  he  processes,  and  to 
develop  further  the  present  largely  experimental  work  along 
tliis  line. 
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DIESEL  ENGINE  CRANKSHAFTS.* 

BY  I'll  I  LIP  H.  SMITH. 

The  object  of  tlii^  paper  is  to  show  tliat  the  life  of  a  Diesel 
crankshaft  is  mainly  dependent  upon  the  engineer- in-chai'ge， 
who  may  take  certain  reasonable  and  simple  precautions  to 
prolong  its  life  indefinitely.  All  shaft  failures  I  have  inves- 
tigated owe  their  origin  to  lack  of  aligiunent  of  the  main 
bearings.  This  is  usually  tlie  result  of  unequal  rates  of  wear 
of  the  several  bearings  supporting  the  shaft  ，  thougli  in  some 
cases  it  can  be  traced  to  negligence  during  erection,  or,  in 
older  engines,  to  detective  foundations. 

So  far  as  this  paper  is  concerned,  I  am  limiting  my 
remarks  to  the  case  of  bearings  wearing  away  unequally  on 
4 -cycle  vertical  engines.  Engines  which  drive  through  a  belt 
or  through  ropes  appear  to  be  less  liable  to  fracture  the  shaft 
than  engines  direct  coupled  to  generators.  This  is  probably 
due  mainly  to  the  tension  of  the  drive  causing  the  reversal 
of  thrust  on  the  shaft  to  take  place  without  shock.  The  type 
of  engines  least  liable  to  shaft  fracture  is  the  3 -cylinder,  and 
the  worst  is  the  4-cylinder  normally,  though  tlie  2-cylinder 
rims  it  a  close  second  if  fitted  with  a  very  heavy  flywheel.  I 
have  no  definite  knowledge  of  the  relative  life  of  the  6-th row 
crank,  partly  because  there  are  few  running  and  partly 
because  those  which  are  running  have  not  been  installed  more 
than  three  or  four  years. 

Almost  without  exception  Diesel  shafts  have  failed 
through  the  webs,  the  crack  starting  at  the  centre  and  work- 
ing outwards,  the  time  elapsing  between  the  first  appearance 
of  the  fracture  and  its  complete  failure  generally  extending 
over  many  weeks.  Only  two  exceptions  occur  to  my  mind 
where  the  shaft  has  failed  through  the  pin  or  journals,  and 
ill  both  these  cases  the  shafts  obviously  failed  through  being 
under-proportioned  at  the  part  which  fractured,  though  eveti 
in  these  cases  some  considerable  lack  of  alignment  was 
traced. 

As  regards  location  of  fracture,  either  web  may  fail  in 
llie  single-cylinder  units.  In  2- cylinder  engines,  web  4  fails 
】nost  frequently  (the  webs  being  numbered  consecutively, 
commencing  from  the  end  furthest  from  the  flywheel).  In 

3-  cylinder  units  the  fracture  occurs  either  in  web  1  or  6,  and 
in  1  as  often  as  6.  Sometimes  both  fail  simultaneously.  I 
have  no  knowledge  of  any  otlier  webs  failing  in  a  3- cylinder 
unit,  though  perhaps  some  of  the  members  of  this  association 
may  be  able  to  refer  nie  to  cases  which  have  hitherto  not  been 
brought  to  niy  notice.  In  4-cylinder  units  it  is,  I  think,  an 
almost  invariable  rule  that  web  4  fractures. 

On  account  of  its  extra  susceptibility  to  failure,  and 
particularly  because  it  always  appears  to  fail  in  the  same 
place,  I  have  paid  more  attention  to  obtaining  data  from 

4-  cyliudei'  engines  than  any  otlier  type.  In  this  I  have  been 
fortunate  in  securing  tlie  co-operation  of  one  of  your  members, 
and  I  liave  pleasure  in  placing  before  you  data  carefully  com- 
piled atid  extending  over  four  years  of  continual  observation 
on  two  engines  of  the  4-cylinder  type.  The  value  of  these 
data  will  become  more  evident  after  I  have  described  the 
plant  and  given  its  history,  and  then  followed  this  up  by 
going  more  deeply  into  the  subject. 

The  plant  was  installed  about  nine  years  ago,  and  com- 
prised two  continental  engines  of  four  cylinders  each,  the 
cranks  being  arranged  as  shown  in  Fig.  4，  viz.,  up,  down, 
down,  up,  as  contrasted  with  the  usual  arrangement  in  this 
country,  up,  down,  up,  down.  The  cylinder  dimensions  were 
415  X  600  mm.,  and  the  engines  ran  at  170  revs,  per  minute, 
developing  320  b.h.p.  each.  Tlie  flywheels  weigh  about  8  tons 
each ,  and  a  bearing  is  interposocl  between  the  flywheel  and  a 
direct-current  generator.  Expressed  in  relation  to  the  cylin- 
der bore  (D),  the  main  dimensions  of  the  shaft  are  ： ― 

Diameter  of  journals  and  crankpins. . .  0'53D 

Thickness  of  crank  webs    0'265D 

Length  of  pin    0,53D 

Length  of  main  bearing    I'lD 

The  shaft  is  therefore  on  the  weak  side,  but  to  this  I  will 
return  later.    1  am  not  aware  iliai  an  analysis  of  the  steel  is 

•  Paper  read  before  the  Diesel  Engine  Users'  AsBOciation,  July  12tb,  3916. 


obtainable,  but  T  have  the  analysis  of  a  similar  shaft  which 
failed  about  11  years  ago,  viz. : ― 

Tensile  strength    32*88  tons  per  sq.  in. 

Elongation  on  3iii   19'3  per  cent. 

Reduction  in  area    20*4  "  " 

Carbon    '327  ，， 

Silicon   ，   "169  ，， 

Manganese    767  ，, 

Phosphorus    "057  ，， 

Sulphur    -086  ，, 

Copper    Trace, 

The  metal  is  quite  good  of  its  class.  As  regards  the  history 
of  the  plant,  the  engines  ran  for  the  first  four  or  five  years 
on  a  very  irregular  load,  and  tlien  a  buffer  battery  was  intro- 
duced, which  has  had  very  beneficial  results  as  regards  smooth- 
ing out  the  irregularities  usually  accompanying  a  compara- 
tively small  tramway  load. 

One  engine  broke  its  shaft  about  four  years  after  its 
installation,  and  the  other  after  about  five  years.    In  both 
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DiKSEL  Engine  Crankshafts. 

oases  web  4  failed.  These  shafts  were  replaced  by  others 
obtained  in  England.  The  tensile  strength  of  that  now  in 
No.  2  is  about  32  tons,  while  that  in  No.  1  is  40  tons  per 
square  inch.  After  the  new  shafts  had  been  bedded  in,  the 
engineer  took  out  the  under  halves  of  the  bearings  and 
measured  down  from  the  facings  to  the  white  metal  in  the 
manner  shown  in  Fig.  5.  Thereafter,  the  bearings  were 
measured  every  year,  and  thus  the  actual  wear  has  been  regu 
larly  recorded  for  3i  years  in  the  one  case  and  for  four  years 
in  the  other. 

I  submit  the  results  in  curve  form  for  your  consideration 
(Fig.  6).  A  casual  glance  at  the  lower  curve  taken  from 
No.  1  engine  explains  why  the  4-cylinder  engine  with  this 
arrangement  of  cranks  fractures  through  the  webs  of  the 
second  cylinder.  This  curve  is  characteristic  of  4- crank 
engines.  The  upper  curve  relates  to  No.  2  engine,  and  instead 
of  bearing  C  allowing  the  greatest  wear,  the  wear  is  actually  less 
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than  in  tlio  juljureiil  boariiii^^s  B  or  I).  I  \v;is  unahh*  ") 
explain  I liis  until  we  rectMit ly  re-alii;iuHl  t  hv  sliiit't .  Tlicii  it 
was  noticed  that  bearing  C  is  appreciably  eccoiit ric  to  bearings 
B  aiul  1).  I  loiu  (\  in  tlic  usual  way  of  bedding-iii  a  slial'l,  t  he 
pmbabilit  V  is  hi  rifely  in  favoiii-  of  bearing  C  having  been 
scraped  too  low,  and  thus,  tor  sumo  time,  bearin"'  C  would 
not  be  subaulted  to  its  fair  share  of  tlie  load,  and  iherei'orc 
did  not  wear  away  as  fast  as  the  adjacent  boarinj^^s,  which 
were  taking  more  than  their  fair  vsliare. 

It  may  be  asked  why  the  rate  of  wear  is  so  niucli  t^a-ealer 
in  tlie  one  engine  than  in  the  other,  aiui  t lie  only  explaiiai ion 
vvliioh  1  can  give  is  that  one  eiii^ine  is  situated  right  opposite 
double  doors  leading  into  a  dusty  yard  paved  with  aslies. 
This  engine  shows  the  greatest  amount  of  bearing  wear,  and  it 
protects  the  other  engine  to  a  large  extent.  Incidentally, 工 
would  mention  in  passing  that  there  is  another  door  leading 
outside  the  building,  and  the  engines  lie  in  a  direct  line  with 
both.  A  similar  lay-out  occurs  to  ine  in  the  South  of  Eng- 
land, where  bearing  troubles  have  been  experienced,  and 
where  a  shaft  lias  failed,  only  in  this  case  sand  replaces 
aslies. 

Now,  as  regards  precautious  to  be  taken  to  prevent  a 
shaft  from  breaking,  I  will  particularise  by  explaining  how 
the  shafts  of  the  two  engines  under  consideration  were  re- 
bedded,  and  the  application  of  the  principle  can  be  made 
general.  The  engine  was  stripped  right  down,  excepting  only 
that  the  flywheel  was  not  taken  off  the  shaft  until  it  was 
definitely  proved  that  its  weight  distorted  the  shaft.  Then 
it  also  was  removed.  The  bearings  were  found  to  have  the 
met al  loose  and  cracked,  and  the  spare  set  was  substituted, 
care  being  taken  to'  employ  one  grade  only  of  white  metal 
throughout.  The  shaft  was  bedded  in  the  usual  way  up  to  a 
certain  point,  but  to  complete  work,  bearing  C  was  left  a 
shade  high  and  bearing  A  was  left  a  shade  low.  Finally,  and 
this  is  very  important,  the  top  caps  were  filed  down,  so  that 
the  journal  ran  in  the  bearing  with  running  clearance  only. 

Thus  the  perfect  alignment  of  the  shaft  was  assured,  and, 
before  re^assenibling  the  engine,  we  microiiietered  the  thick- 
ness of  metal  on  each  bearing  interposed  between  the  shaft  and 
bedplate.  This  has  been  recorded,  and  now  from  year  to  year 
we  can  re-measure  this  thickness,  and  so  obtain  the  relative 
rates  of  wear  in  eacli  bearing.  That  which  is  worn  most  will 
constitute  tlie  datum,  and  the  data  will  show  exactly  how 
much  must  be  scraped  off  the  "  high  ，，  bearings  in  order  to 
re-introdxice  conditions  of  minimum  stress  on  the  shafts.  I 
recoinni end  the  micrometer  method  as  being  less  liable  to 
error  than  the  method  already  described,  though  I  would 
also  mention  that  care  must  be  exercised  even  with  the  mioio- 
uieter  method,  as  loose  white  metal  falsifies  the  reading, 
wliich  will  appear  too  large. 

This  system  of  assuring  perfect  alignment  of  the  shaft  will 
appeal  especially  to  those  engineers  who  have  no  reserve 
plant,  and  who  have  to  get  repairs  done  during  the  week-end. 
Thus,  if  the  engine  were  a  4-cylinder,  I  should  take  out,  bear- 
ing C  first  and  micrometer  it.  Look  up  tlie  log-book  and 
ascertain  how  much  it  has  worn  since  the  shaft  was  last  re- 
aligned. Then  take  out  bearing  A，  micrometer  it,  and  ascer- 
tain the  extent  of  wear  in  the  same  period.  If  it  has  worn 
down  j(y*|j^in.  and  bearing  C  has  worn  down  y^g^in.,  then 
scrape  down  bearing  A  ^^^^y^in,  more,  re-bed  it  to  the  shaft, 
or,  preferably,  to  a  special  dummy  journal,  and  then  replace 
it.  Treat  all  the  bearings  in  like  manner.  If  the  engine  is  a 
2-cyliiidei',  or  a  single- cylinder  unit,  then  probably  the  bearing 
adjacent  to  the  flywheel  is  most'  worn.  It  therefore  should  be 
taken  out  first,  measured  up,  and  replaced,  scraping  only  if 
found  high  "  at  one  end.  Then  take  out  the  other  bearings 
and  scrape  them  in  accordance  witli  the  data  obtained,  lu 
the  case  of  a  3-cyliiider  engine,  the  probability  is  largely  in 
favour  of  bearing  B  being  the  lowest ,  and  this,  therefore, 
should  be  taken  out  first. 

Thus,  wlifere  plant  is  not  in  excess,  the  engineer  can  re- 
adjust a  bearing  each  week-end  until  the  whole  set  is  com- 
plet'ely  put  in  order,  and  he  runs  very  little  risk  of  heated 
bearings  if  he  is  careful.  The  system  has  its  limits.  It  would 
not  do  to  apply  it  in  tliis  manner  if  rate  of  wear  were  very 
variable. 

As  I  have  explained  it,  it  is  necessary  to  dismantle  the 
whole  engine  to  make  a  good  start  with  the  system.    1  doubt 


if  iliero  is  a  sliort-cnl  DieMiod  by  wliicli  one  can  absolutely 
ensure  accpiiriii^f  the  daia  relatin",  "j  coiidilioris  of  uiiniiiiuiit 
st ress  in  1  lie  sliiifl.  1 1",  hmvt'vrr,  1  lio  engine  lias  been  very 
carei'ully  ei'ccted,  and  is  iiol  more.  1  liaii  a  year  or  two  old, 
llien  one  may  exercise  his  discretion  and  assume  iliat  any  large 
tlift'erences  in  the  thickness  of  the  main  l)earin"'  shells  is  due 
to  difference  in  rate  of  wear.  This,  however,  involves  the 
[)ersoual  ctiiiat ion,  and  t'aiinot  therefore  be  liscfully  discussed. 

As  regards  ilie  subsequent  adjusinienl,  running  clearance 
of  main  bearings,  it  is  not  usually  feasible  to  measure  this 
with  feelers,  so  one  has  to  have  recourse  to  other  methods. 
Where  possible,  I  prefer  to  feel  the  lift  in  each  bearing,  and 
let  the  cap  closer  and  closer  until  the  bearing  either  heats 
(in  which  case  scrape  out  the  cap)  or  until  tlie  lift  just 
disappears. 

However,  one  may '  have  recourse  to  leads  so  long  as  Uiey 
are  considered  only  as  a  means  of  obtaining  the  rr  la  five  and 
not  the  absolute  clearance  in  a  bearing.  In  the  ordinary 
way,  if  one  use  20  or  21  gauge  lead  wire,  running  clearance 
will  be  right  if  the  lead  squeezes  out  to  ^ 孑 u^yiii,  or  xnooi"* 
thick.  If  one  uses  16  gauge,  then  this  may  squeeze  to  about 
yij^^iii.  or  xi^o^^-  tliick.  The  actual  clearance  is  probably 
only   imr^i"-  to 

To^oo^'^-  The  difference  between  real  and 
apparent  clearance  depends  upon  a  multitude  of  factors  which 
we  need  liardly  discuss  here,  but,  we  must  bear  in  mind  the 
fact,  that  leads  do  not  show  the  true  clearance  in  a  wliite- 
inetal  bearing. 

Finally,  a  few  words  on  the  best  proportion  of  shafts. 
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Fig.  6.— Crankshaft  Beakinc;  Weak. 
Bearings  of  4 -cylinder  Diesel  engine  lettered  as  per  Fig.  4. 

You  cannot  alter  these  on  un fractured  shafts,  but  perhaps 
some  of  the  manufacturers  will  be  guided  by  the  recommenda- 
tions I  am  about  to  make,  if  they  are  sure  of  your  co-opera- 
tion. The  cylinder  bore-  being  expressed  as  D，  the  most 
amply  ju'oportioued  shaft  I  have  yet  measured  is  as  follows : ― 

Diameter  of  journals  and  pins    0'6D 

Length  of  main  bearing   '   0*9D 

Length  of  big  end  pin    0'6D 

Thickness  of  web    0  33D 

At  least  two  of  these  have  broken,  but  tliat  was  throu":h 
bad  initial  erection.  The  original  Diesel  shafts  were  made  in 
32-ton  steel  to  the  following  proportions : ― 

Diameter  of  pins  and  journals    0  51  to  0'525D 

Length  of  main  bearings    1.1    to  I'SD 

Length  of  big  end  pin    0.51  to  0'525D 

Thickness  of  web    0  25  to  0*270 

The  shaft  I  would  propose,  if  my  firings  system  of  re- 
aligmnent  is  adopted  and  your  hearty  co-operation  is  assured, 
is  the  following  : —— 

Tensile  strength,  not  less  than  34  tons. 
Ductility  not  less  than  25  per  cent,  in  2in. 
Diameter  of  pins  and  journals,  0'525  to  0'54D. 
Length  of  main  bearings,  0  75  to  0'8D. 
Length  of  big  end  pin,  0*525  to  0.54D. 
Thickness  of  webs  not  less  than  0'32D,  but  centre  to 
centre  of  cylinder  made-  iniiiimum  possible,  and  any 
excess  over  the  proposed  length  of  pin  and  journal 
to  be  put  into  the  webs. 
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Fillets  to  be  not  less  than  one- tenth  tlie  diameter  of  the 
shaft.  This  shaft  is  comparatively  light,  but  it  possesses  the 
following  advantages :  (1)  The  fuel  consumption  of  the  engine 
is  reduced  :  (2)  initial  cost  and  cost  of  upkeep  is  reduced  :  (3) 
the  bearings  will  run  cooler,  other  tilings  excepting  pressure 
per  square  incli  being  equal,  for  it  is  high  peripheral  speed 
rather  than  higli  pressure  which  causes  bearings  to  heat  :  (4) 
lubrication  costs  will  be  reduced. 

However,  the  success  or  failure  of  such  a  sliaft  depends 
upon  proper  attention  being  given  to  its  adjustment  from 
time  to  time,  and  if  this  is  not  given,  then  it  is  merely  a 
question  of  tiim'  before  even  the  lieaviest  sliaft  will  fail. 


POWER  IN  ROLLING  STEEL. 

BY    CHARLES  M.  SAMES. 

Some  months  ago  the  writer  desired  to  obtain  information 
on  the  power  required  to  roll  rectangular  steel  sections  (j、e." 
the  "  pure  roll  work,"  or  that  expended  solely  in  deforming 
the  heated  metal)  for  application  to  a  particular  problem. 
As  nothing  on  the  subject  could  be  found  in  the  engineering 
reference  works  and  treatises  at  hand,  recourse  was  had  to 
the  results  of  the  elaborate  series  of  tests  carried  out  iu  Ger- 
many some  years  ago  by  Dr.  lug.  J.  Puppe,  and  published 


question  ;  W:  weight  of  ingot  (or  billet)  pounds  ；  (A^)  | 
—  sectional  area  of  ingot  before  (after)  rolling  ;  D  二 external  '| 
or  pitch  diameter  of  rolls,  inches  ；  T  =  thickness  of  ingot  when  ； 
leaving  rolls,  inches  ；  t  ―  duration  of  pass,  seconds  ；  and  C  is  ) 
a  coefficient. 

In  the  34  tables  from  Dr.  Puppe's  work  {over  250  sepa- 
rate tests)  a  mean  value  of  12  was  found  for  C.  In  25  of 
these  tables  C  ranged  from  103  to  12  5,  and  the  extreme 
values  for  all  of  the  tables  were  10  and  16.  The  first  nine 
passes  of  Mr.  Shower's  table  (all  of  the  rectangular  passes) 
give  C—  12.3，  which  is  well  in  agreement  with  the  mean  value 
of  12  obtained  from  Dr.  Puppe's  tests. 

That  the  power  required  to  roll  steel  decreases  with  an 
increase  iu  the  rolling  temperature  is  shown  by  all  of  Dr. 
Puppe's  results  when  the  same  quality  of  metal  was  used 
in  two  or  more  series  of  tests,  but  the  exact  influence  of  the 
meciiaiiical  properties  of  the  metal  rolled  is  not  apparent 
from  a  study  of  the  data  accompanying  the  tables;  the  latter 
show,  however,  that  the  power  required  does  not  vary  in  tlie 
order  of  the  tensile  strengths  of  the  cold  ingots. 

For  preliminary  calculation,  then,  C  may  be  taken  as  12, 
and  assuming  that  Ihis  value  is  constant  for  each  pass,  and 
that  the  temperature  at  the  first  pass  is  around  2,200°  Fah.， 
reasonably    approximate   results  should  be  obtained.  For 


Table  I. 


Number  of  pass   

.Sectional  area,  square  in<'h  . 
Width  X  thickness,  inches 

Per  cent  reduction   

Log  MiAU   

4  D/T   

Horse-power-st  conds  ( =  P  x  /  )* 
Length  of  ingot,  inches  .... 
Duration  of  pass,  seconds . . . 
Horse -power  (=P)  


1 

2 

3 

4 

5 

0 

204 

165-75 

1—1 

10：  03 

84 

70 

If)  X  12-75 

12-7oxl3 

13x]()-25 

lU-25xlO-5 

lO-o  x8 

8  X8-75 

20'31v 

19- (U 

21-95 

l(vG7 

0-098(il 

0- 090 18 

()•  09479 

0-09275 

0- 10763 

0-07918 

1-462 

1-441 

1-704 

20 

1-89 

7,202 

6,41>2 

7,520 

7,766 

10,753 

7,476 

92- 07 

]1：)-27 

182 -SO 

219-43 

0-88 

im»3 

1  ：':" 

1  •  540 

I-SIO 

2-235 

8,188 

5,942 

0,542 

5,043 

5,912 

3,345 

: Total  horso-power  seconds  for  all  six  passes— 47,210. 


Table  II. 


Number  of  pa?js    1 

Sectional  area,  square  inches    ^ 1 1> •  8 

Width  X  thk'kneMs^  inches    16  x  13*55 

Per  cent,  reduclion   15'31 

Log___(J,  J,)    0*07218 

  1-396 

Horse- power-seconds  {  =  P  x  /)*    .一>，(>38 

Length  of  ingot,  inches   ► ' 85 

Duration  of  pass,  seconds   0-853 

Horse-power  (  =  P)   I  5,910 


2 

3 

4 

5 

6 

00 

149 

119 

93- 625 

70 

13-55  X 13-4 

13-4x11-12 

lM2xl()-- 

X 

8-75  X  8 

16-25 

17-94 

20-13 

21-32 

25-23 

0-07701 

0-08586 

0- 097(54 

0-10415 

0-1263 

1  -  40it 

l-fil2 

1  -  fi55 

1-89 

2-0 

5,420 

0,012 

8,072 

9,833 

12,620 

84-6 

103-09 

12!».07 

164-06 

219-43 

1-012 

1-136 

l-4(»2 

i-o-i 

2-183 

5,354 

6,083 

5,756 

0,884 

5,781 

*  Total  horse  power  seconds  for  ； ill  six  pas8es=  1 7,985. 

in  a  volume  entitled  "  Vtrsuche  zur  Ermittlung  cles  Kraft- 
bedarfs  an  Walzwerken  "  (DUsseldorf,  1909),  an  English 
translation  of  which  was  brouglif  out  a  year  later  under  the 
title  "Experimental  Investigation  on  the  Power  Required 
to  Drive  Rolling  Mills"  (C:  Griffin  &  Co"  Ltd.,  Lomltm). 
Later  work  of  Dr.  Puppe,  as  published  in  '•  Stahl  unci  Eisen," 
was  also  ( oiisulted,  as  well  as  tlie  data  given  by  Barton  R. 
Shower  in      Proc.  A.l.E.E./'  March  12tli.  1909. 

About  50  of  these  tables  examined  deal  wholly  or  in  pari 
with  rolling  through  rectangular  passes,  and  of  t her-;e  35—— 
which  are  fairly  rej)reseiiiative  of  all,  barring  a  few  abnormal 
exceptions ― iiave  been  studied.  They  have  to  do  with  basic 
Bessemer  and  open-heart  li  steel  ingots  weighing  from  2601bs. 
lo  8,2()01bs.,  with  sections  ranging  from  20  sq.  in.  to  320  sq. 
in.,  with  rolling  temperatures  of  from  1,960°  Fah.  to  2，30( 尸 
Fall.,  with  initial  tensile  strength  (cold  metal)  of  from 
56,0001bs.  lo  1 1 2,0001  bs.  per  square  inch,  and  with  reductions 
of  area  per  pass  of  from  5  lo  25  per  cent. 

Several  methods  of  analysing  the  data  were  essayed^  but 

the  most  consistent  results  were  obtained  by  the  use  of  a 

formula  proposed  by  Victor  E.  Edwards  before  t  iie  Engineers' 

Society  o^*  Western  Pennsylvania  in  1913.      This  formula, 

slightly  t ransformecl,  is: ― 

-              D     CW  log  (A1/A2)  、/  D/  T 
p=  1—  

in  which  P  is  llie  mean  liorse-power  required  for  the  pass  in 


example,  let  it  be  required  to  determine  the  power  necessary 
to  reduce  a  16in.  by  16iii.  ingot  60in.  in  length  (weight 
W ― 4jl631bs.)  to  S^in.  by  Sin.  in  six  passes,  the  pitch  dia- 
meter of  llie  roll  being  40in.  and  its  speed  60  revs,  per  minute. 
Table  I.  gives  the  results  of  tlie  necessary  calculations  for  the 
case  where  the  percentage  reductions  for  the  several  passes 
are  roughly  equal.  * 

It  is  seen  iroin  tliis  table  t iiat  the  draughts  on  the  motive 
power  range  from  3,345  h.p.  to  8,188  h.p.  ；  but  by  a  little 
manipulation  of  the  percentage  reductions,  in  which  they  are 
altered  to  an  ascending  scale,  it  is  possible  roughly  to  equalise 
these  draughts,  as  shown  in  Table  II.,  where  the  variation 
is  reduced  to  the  range  5,354  h.p. 一- 6,083  h.p. 

It  is  also  seen  that  tiie  total  work  in  horse-power-seconds 
is  practically  the  same  for  the  two  tables,  although  the  orders 
and  magnitudes  of  the  percentage  reductions  differ  consider- 
ably. The  work  expended  also  increases  somewhat  with  a 
decrease  in  the  number  of  passes  employed  iu  effecting  the 
total  reduction,  or,  wliat  is  the  same  thing,  with  an  increase 
in  the  average  percentage  of  reduction  per  pass,  and  vice 
vei 下 a.  For  example,  with  calculations  similar  lo  those  in 
Table  1 1.,  but  for  four  j)asses,  horse-power-seconds  -  49,690, 
an  increase  of  3'8  per  cent.  ；  for  eight  passes,  liorse-power- 
seconds  ―  47,000,  a  decrease  of  1*8  per  cent.  ;  and  for  12 
passes,  horse-power-secouds  —46,1 20,  a  decrease  of  3  7  per 
cent. ― ('  The  Iron  Age." 
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TILTING  CRUCIBLE  FURNACE. 

TilK  (TtU'ihlo  "It  ill"  fiirniico  shown  in  t  lie  illust  I'al  ions  Ihm  o 
wit  h,  t  lie  invtMit  ion  of  Messrs.  A  lldays 人' <>"i"ns  PinMinial  ic 
Kni^iiieering  roinpaiiy,  l'"l.，  (3 real  Western  Woiks,  Hir 
iniiighani,  aiui  Mr.  K.  \V.  Nicholson,  lias  been  designed  with 
a  view  to  siinpiil'v  the  roust  ruci  ion  ami  anmigeim""  o  (  pavis 
tor  preserving  t  ho  pourini^  lip  or  spm"  in  I  ho  same  vert  ical 
line  diirii\i(  t  he  t  ill  iiii^  of  t  lie  furnace,  1  hereby  reiulerincj 
ini necessary'  t lie  movement  of  the  mould  into  which  the 
molten  metal  is  bei""r  poured.  The  furnace  proper  is  pro- 
vided with  trunnions  A  al  opposite  sides,  having  upon  them 
rollers  B  which  occupy  aiul  work,  when  the  furnace  is  tilled, 
ill  the  liorizontal  slots  V  in  1  he  upper  cuds  of  the  standards 
of  the  furnace.  The  trunnions  A  also  have  fixed  thereon 
pairs  of  arms  E,  the  arms  at  one  side  of  the  furnace  being 
connected  by  trumiions  F  on  opposite  sides  of  a  screw-box  G 
on  the  screwed  rod  II  wiiicli  has  on  its  upper  end  the  wheel  J 
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Tilting  Cruciblk  Furnace. 

by  which  the  screwed  rod  H  can  be  rotated.  The  lower  end 
of  the  screwed  rod  occupies  an  eye  in  a  swivelling  bracket  L 
pivoted  to  the  bottom  of  the  standard.  One  of  the  trunnions 
F  has  on  it  a  roller  which  is  accommodated  and  works  in  the 
curvilinear  slot  D  in  the  standard  at  that  side  of  the  furnaca. 
The  arms  E  at  the  other  side  of  the  furnace  are  connected  by 
a  spindle  having  upon  it  a  roller  occupying  tlie  curvilinear 
slot  in  the  other  standard.  On  the  rotation  of  the  screwed 
rod  H，  effected  by  the  turning  of  the  wheel  J，  the  screw-box 
G  is  lowered  or  raised,  according  to  the  direction  of  rotation 
of  the  screwed  rod  H,  and  the  rollers  occupying  the  curvilinear 
slots  D  in  the  standards  are  niade  to  travel  therein,  tlie  pairs 
arms  E  being  also  turned,  thereby  effecting  the  bodily 
movement  of  the  furnace  and  tilting  of  the  same  with  respect 
to  the  frame-like  standards,  the  motion  of  the  furnace  being 
such  as  to  preserve  the  pouring  lip  or  spout  M  always  in  tlic 
same  vertical  line.  N  is  the  gaseous  fuel  burner  of  the 
furnace  by  the  flame  from  which  the  metal  or  alloy  in  the 
furnace  is  melted. 


Manchester  Association  of  Engineers.  — The  president  of 
the  Manchester  Association  of  Engineers  (Mr.  F.  W.  Reed, 
of  Craven  Eros.  (Manchester),  Ltd.)  and  Mrs.  Reed  enter- 
tained the  members  and  their  friends  at  a  garden  party  at 
The  Grange,  Reddish,  on  Saturday  last,  the  guests  number- 
ing 250.  An  interesting  programme  of  music  and  recitals, 
together  with  the  fine  weather,  made  the  party  a  great  success. 


TiiK  Hit  li  aiitiiial  coMvciil  loii  of  I  he  Amciican  I  {.ail  way  Master 
Mechanics'  Associat  ion  was  held  at  AUant  ic  Cily,  N..J on 
.1  vine  l(Jth.  The  proceedings'  we're'  opened  with  an  address  by 
the  president,  IVIr,  E.  W.  Pratt,  assistant  3U])eriiite!iclent 
iiiotiive  power,  Oliicago  and  Norlh-westeni  】?^ailway，  Chicago, 
who,  in  the  course  of  which,  dealt  with  locomotive  development 
in  the  United  States  during  the  past  year  as  follows : ― 

Even  now,  with  the  reniarkable  installations  of  electric 
propulsion  in  certain  restricted  areas,  there  yet  remains  })ut 
one  sel ['-contained  power  plant  that  will  meet  the  demands  of 
service  and  economy  in  this  land  of  inagiiificent  distances  and 
low  unit  costs  of  transportation.  Nor  will  we,  doubt  less  for 
years  to  come,  see  aught  but  the  occasional  sujiersedence  of  the 
steam  locomotive'  by  electric  power  or  by  the  ijiteriial-coniljus- 
lion  engine.  Ileiice  it  is  all  the  more  essential  to-day  that  the 
details  of  the  steam  locomotive —- this  complete  power  plant:  on 
wheels ― be  so  carpfnlly  studied,  improved,  and 
perfected  as  to  hold  in  t  he  ascendency  its  well- 
deserved  prestige,  yet  so  modified  as  to  over- 
come its  deficiencies. 

The  past  year  has  witnessed  the  almost 
universal  use  of  the  superheater  and  brick  arch, 
but  the  refinements  of  the  former  are  only  just 
comme】ichi"r.  The  high  temperatures  of  si  earn 
have  brou^lit  into  more  extended  use  the  force 
feed  lubricator,  a  custom  quite  general  in 
European  locomotive  practice.  There  is  evi- 
denced a  halt  in  the  strife  for  larger  and  still 
more  powerful  locomotives  of  the  articulated 
type,  and  yet  the  perfection  of  the  mechanical 
stoker  has  increased  the  human  limitations 
therein  so  that  some  cause  other  than  the  stok- 
ing of  til e  boiler  must  be  sought  as  the  reason. 
Perhaps  the  articulated  locomotive  was  only 
the  means  to  an  end  which  may  now  be 
accomplished  in  other  ways.  The  floating  or 
radial  driving  axle  in  conjunction  with  the  two- wheel  pony 
truck,  or  the  trailer  working  in  synchronism,  practically  per- 
forms the  functions  of  a  four-wheel  truck  in  guiding  the  loco- 
motive, thereby  reducing  the  rigid  wheel  base  of  a  ten-driver 
engine  to  that  of  an  eight  or  six.  This  principle  makes  it 
possible  to  give  a  "  centipede  "  the  saine  facility  track-wise  as 
a  "  quadruped  '，  or  bi]>ecl  "  and  gives  promise  of  an  engine 
of  100,0001bs.  tractive  force  (or  more)  without  resort  to  the 
Mallet  or  to  the  triplex  idea.  There  is  indeed  great  promise 
in  this  floating  axle  scheme  or  some  developments  thereof, 
although  it  requires  a  change  in  the  restricted  side  play  now 
permitted. 

The  use  of  multiple  cylinders  for  compounding  was  halted 
somewhat  by  tlie  equal  and  easier  economy  effected  by  the 
superheater,  vet  who  shall  say  that  the  ideal  of  "  com  pounding 
in  one  cylinder  "  may  not  l，e  reached  in  the-  avoidance  of  con- 
densation ])v  superheat?  Already  there  are  designs  for  a 
large  freight  locomotive  that  is  unique  in  in  any  respects  and  is 
intended  to  acooTii plish  just  this  desideratum ― the  cylinder 
will  he  relatively  lono-,  the  hoiler  pressure  and  superheat  higli, 
and  the  niaxirnuni  startincj  efTort  of  over  80,0001bs.  based  upon 
approximately  one-lialf  cut-off. 

There  has  been  further  progress  in  locomotive  design  in  the 
way  of  giving  greater  attention  to  refinements  and  the 
tendency  to  reduce  the  weight  of  reciprocating  parts  and  run- 
iiiiiGf  gear  is  noticeable,  but  not  to  the  fullest  extent  nor  equal 
to  the  results  obtained  by  our  automobile  friends.  An  exTiert 
desiofner  has  calculated  that  the  heaviest  and  most  modern 
2 —— 10 —— 2  loroTTiotive  coulf)  he.  reduced  in  weie^ht  full  7，0001bs.， 
or  the  equivalent  of  a  hoiler  2in .  largrer  m  diameter,  by  the  use 
of  carbon  vaiifidiiun  steel  (not  heat  treated)  which  can  be 
pnrcliased  in  billet  form  at  a  slight  increase  in  the  price  per 
pound  premiiun  and  forged  in  any  locomotive  shop,  only 
requiriiifr  ainiealinor. 

The  development  of  the  film  feed-water  heater  and  the 
possibility  of  passing  60.0001bs.  of  water  per  hour  through 
such  a  device  of  size  small  enough  to  be  made  practicable  on  a 
locomotive  gives  rise  to  the  belief  that  a  marked  economy  may 
be  effected  thereby  ；  for  it  has  been  dem oiistrated  that  an 
increase  of  every  eleven  degrees  in  temperature  will  represent 
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an  economy  of  1  per  cent.  The  boiler  being  the  limiting 
feature  of  the  modern  locomotive,  no  pains  or  expense  should 
be  spared  to  effect  its  improvement,  and  it  is  in  that  line  that 
the  greatest  advancement  in  the  art  of  locomotive  engineering 
is  to  be  expected. 

The  report  of  the  committee  appointed  by  the  Chicago 
Association  of  Commerce  on  "smoke  abatement  and  electrifi- 
cation of  railway  terminals,"  extending  over  a  period  of  four 
and  one-half  years,  was  presented  to  the  public  during  the  past 
year  and  is  probably  the  most  elaborate  ever  made  on  this 
subject.  In  brief,  the  conclusion  reached  that  the  complete 
electrification  of  the  steam  railway  terminals  of  Chicago  would 
cost  not  less  than  $275,000,000,  and  is  financially  impractical 
under  present-day  conditions,  and  that  although  great  progress 
has  l>^en  made  in  recent  years  toward  reducing  the  smoke  from 
steam  locomotives,  the  maximum  results  have  not  yet  been 
attained.  While  the  electrical  engineer  has  tremendous  and 
difficult  problems  to  meet  in  the  enormous  first  cost  for  instal- 
lation, extraordinary  fixed  charges,  and  relatively  low  load 
factor,  he  is  making  rapid  strides  with  respect  to'  reducing  the 
cost,  per  kilowatt  hour  by  power  plant  improvements,  and  the 
steam  locomotive  must  iov^e  ahead  quite  rapidly  in  order  to 
iiiaiiitaiii  its  prestige.  Through  the  limitations  of  clearances 
the  boiler  is  bound  to  be  the  controlling  factor  in  the  develop- 
ment of  the  steam  locomotive,  and  whilei  we  should  produce 
the  maximum  hauling  capacity  per  unit  of  total  weight  at  the 
niininnun  cost  per  pound  of  draw  bar  pull,  consideration  must, 
also  be  giveu  to  the  problem  of  bringing  about  a  greater  heat 
value  ])^r  cul>ic  foot  of  the  limited  firebox  volume.  Then  by 
the  direct  means  of  higher  boiler  pressure,  increased  efficiency 
of  evaporating  surfaces,  more  perfect  combustion,  more 
uniform  firebox  temperaturei  and  steam  pressure,  improved 
circulation,  feed  water  heated  by  gases  and  waste  steam,  higher 
superheat,  systems  of  compounding  in  one  or  more  cylinders 
to  reduce  back  jn'essm'e,  we  will  be  able  to  place  steam  on  a 
parity  with  electric  operation. 

In  his  address  a  year  ago  your  president,  referred  to  the 
experimental  work  then  being  done  in  tlie  use  of  pulverised 
fuel,  in  order  not  only  to  utilise  the  smaller  sizes  and  lower 
grades  of  coal  and  lignite,  but  to  ensure  more  even  firebox 
temperatures,  more  uniform  steam  pressure,  and  to  lessen  the 
fireman's  work  on  large  locomotives.  During  the  past  year 
further  applications  of  this  method  of  stoking  and  burning 
solid  fuels  have  been  made,  the  Chicago  and  North-western 
Railway  having  equipped  one  of  their  existing  superheated 
Atlantic  type  passenger  locomotives  which  is  now  and  has 
been  for  some  time  performing  service  between  Chicago  and 
Milwaukee  on  some  of  the  fastest  regular  schedules  in  the 
world.  The  Delaware  and  Hudson  Company  have  recently 
purchased,  so  equipped,  a  new  consolidation  locomotive  which 
is  one  of  the  largest  of  that  type.  The  Missouri  Kansas  and 
Texas  Railway  is  now  equipping  a  10-whee]  passenger  loco- 
motive for  burning  powdered  fuel,  and  several  other  applica- 
tions are  in  progress.  Up  to  the  presei"  time  various  grades 
of  bituminous  coal,  lignite,  and  a  mixture  of  bituminous  and 
anthracite  coal  have  been  used  successfully  in  these  experi- 
Ttiental  locomotives.  The  results  obtained  from  the  use  of 
jfulveiised  fuel  iii  locomotive  service  may  be  briefly  sum- 
marised : rinderless,  sparkless,  and  smokeless  operation  ；  main- 
tenance of  maxinmni  boiler  pressure  at  all  times  without  loss 
at  the  safety  valves  ；  increased  boiler  efficiency  due  to  the  high 
t*^TnT)eratures  obtained  ；  saving  in  fuel  ；  the  elimination  of 
arduous  labour  on  the  part  of  t.he  fireman  and  of  delays  and 
expense  at  the  ash-pit.  It  seems  now  quite  probable  that  the 
public  demand  for  the  elimination  of  the  smoke,  cinders,  and 
sparks,  the  desirability  of  giving  a  value  to  what  is  now  a 
waste  product  of  mining,  the  growing  scarcity  of  fuel  oil,  and 
the  prohibitive  cost  of  ]^rir|iietl iii^  will,  in  coTubiiiation  with 
this  TTietliod  of  increasing  the  effectiveness  of  steam  hoi  1  or 
operation,  afford  as  great  an  opportunity  for  lessening  the  cost 
of  coiuluctiii^  steam  railway  transportation  as  has  t he  use  of 
superlieat ed  steam. 

The  improvement,  of  old  locomotives  by  the  application  of 
superheaters,  brick  arches,  improved  valve  gear,  and  other 
niodf ru  apparatus,  and  even  robuilding  with  larger  boilers 
and  these  aT>pliances,  is  st ill  — on.  All  these  refinemeiiivS, 
as  well  as  the  substitution  of  heavy  new  power  and  the  retire- 
ment of  old  smaller  lorornotives  has  had,  and  will  continue 
to  exert,  a  marked  influence  toward  the  decreased  cost  of  con- 
ducting transportation. 


THE  DIVISION  OF  THE  PRODUCT  OF  INDUSTRY.* 

BY  SIR  HUGH  BELL,  BART. 

In  August,  1914，  we  prepared  for  a  time  of  great  distress. 
The  Prince  of  Wales  called  on  those  whose  means  enabled 
them  to  respond  to  provide  for  the  want  which  it  was  feared 
would  overwhelm  the  mass  of  the  people.  There  was  a  short 
period  when  it  seemed  this  might  arise,  but  as  regards  the 
greater  part  of  the  country  this  fear  was  of  short  duration. 
At  once  the  enormous  demand  for  various  materials  needed 
for  the  conduct  of  war  stimulated  all  the  industries  connected 
with  the  production  of  metals  and  textiles  ;  steel  for  guns  and 
for  s-hells,  woollen  goods  for  clothing,  rose  in  price  by  leaps 
and  bounds.  Before  long  prices  of  food  began  also  to  rise, 
and  the  agricultural  industry,  which  employs  more  hands 
tlian  any  other,  began  to  share  in  the  general  prosperity. 
The  rising  price  of  food  made  it  necessary  to  give  additional 
wages  to  all  classes  of  workpeople^  and  thus  almost  every 
class  of  the  community  benefited. 

Men  began  at  once  to  crowd  to  the  colours,  and  in  the 
great  industries,  at  all  events,  allowances  on  a  liberal  scale 
were  made  to  the  dependants  they  had  left  behind.  Soon  the 
Government  made  grants  on  a  scale  more  than  once  improved. 
The  result  of  all  tliis  was  to  put  the  working  classes  of  the 
country  J  or  perhaps  I  ought  to  say  their  wives,  into  the  posi- 
tion of  being  able  to  purchase  to  an  extent  to  which  in  tli6 
past  they  had  been  quite  unaccustomed,  and  so  it  happened 
that  the  war,  far  from  producing  distress,  had  to  all  appear- 
ances greatly  added  to  the  prosperity  of  the  people  of  these 
islands.  It  cannot  be  said  that  all  this  took  place  quite 
smoothly.  The  economic  machine,  called  upon  for  such 
unlieard-of  efforts,  did  grunt  and  groan  as  one  in  travail. 
There  were  labour  disturbances  more  or  less  resembling  iliose 
of  the  past.  These  appeared  more  menacing  tli an  usual 
because  of  tlie  surrounding  circumstances.  But,  though  they 
were  very  alarming,  tliey  liave  never  yet  come  to  a  very 
serious  head.  In  these  exceptional  and  undreamed-of  con- 
ditions, I  am  more  surprised  that  things  should  have  gone  so 
smoothly  than  that  there  should  have  been  some  hitches. 

In  trades  witli  which  I  am  most  familiar  I  can  affirm 
ill  at  the  one  object  kept  in  view  by  both  employers  and 
employed  has  been  to  do  the  best  for  the  welfare  of  tlie 
country  as  a  whole  ;  above  all,  to  do  nothing  wliich  would 
hinder  the  great  object  for  which  we  were  all  striving— a 
satisfactory  victory  and  a  permanent  peace.  But  we  inusl 
not  disguise  from  ourselves  tliat  not  only  are  the  problems 
which  pressed  for  solution  before  the  war  began  not  disposed 
of,  but  that  the  conditions  brought  about  by  the  war  liave 
rendered  their  solution  more  difficult. 

Let  us  consider  what  has  luippened.  Before  the  fateful 
August  we  in  iliis  country  were  disposing  of  an  annual  income 
wliich  the  best  authorities  have  estimated  to  amount  to 
perhaps  as  much  as  2,400  millions  sterling  a  year.  At  a 
bound  we  have  almost  doubled  our  ex])Piiditure.  The  demand 
for  certain  commodities  has  far  outstripped  tlie  supply.  All 
the  energies  of  the  nation  have  been  applied  to  making  good 
the  deficiency.  Those  wlio  produced  munitions  of  war  in 
the  largest  sense  produced  more  than  ever  before :  those  who 
would  by  hook  or  by  crook  transform  their  factories  so  as  to 
produce  articles  useful  in  war  effected  the  transformation 
with  sometliiiig  like  tlie  suddenness  and  smootlmess  of  a  scene 
ill  a  fairy  play.  Those  who  liad  never  conceived  it  possible 
thai  their  machinery  could  be  used  for  the  purpose  found 
means  of  altering  it'  so  that  it,  too,  waR  turned  to  the  use  of 
tlie  moment. 

All  this  means  tliat  we  are  mortgaging  our  future  pros- 
perity, and  that  when  the  time  of  excitement  and  stress  is 
over  and  t-lie  world  becomes  normal  again  we  sliall  liave  to 
set i le  down  to  the  dull  occupation  of  meeting  the  interest  on 
the  debt  we  have  accumulated.  Tin's  will  not  make  the 
solution  to  which  we  are  looking  forward  easier.  Rather  will 
it,  demand  much  greater  patience  and  forbearance  than  we 
have  any  of  us  sliown  in  the  past.  It  becomes  all  the  more 
necessary  to  take  lieed  now,  lest  when  the  time  for  action 
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comes  wo  i\ud  oursolvos  oonunilted  to  remedies  which,  instead 
of  alleviating,  will  only  increase  t he  evil.  1  confess  I  see  signs 
of  tins  being  not  unlikely.  It  would  load  nie  loo  far  away 
from  my  main  thesis  to  clahorato  this,  but  1  may  note  in 
]iassinir  t  hat  met  hods  wliicli  \v(M  e  formerly  commended  to 
us  on  certain  ^rouiuls  are  now  urged  upon  us  as  alTordiii*; 
opportunities  of  pressing  home  our  victories,  and  piiiiisliin^' 
our  eneinievs  while  we  derive  uiitoUl  advaiitai^e  to  ourselves 
and  our  Allies. 

All  these  considerations  lead  me  to  the  conclusion  lliat 
just  as  before  the  war  so  now,  even  more  urgently,  are  we 
called  on  to  discuss  the  subject  on  which  I  have  undertaken 
to  address  you ― the  division  of  the  product  of  industry. 
Now,  first  of  all,  we  must  seek  to  establish  what  it  is  we  liave 
to  divide.  The  total  income  of  the  kingdom  is  assumed  hy 
the  statisticians  to  be  something  like  2,000  to  2,400  millions 
sterling,  a  huge  figure  of  wliicli  none  of  us  can ,  I  think,  form 
any  conception.  This  vast  sum  is  divided  about  equally 
between  two  very  unequal  bodies.  On  the  one  hand  we  have 
the  whole  of  the  industrial  classes— all  those  who  work  with 
t  lieir  hands ― miners,  metal-workers,  agricultural  labourers, 
and  railway  men,  women  and  children  in  mill  or  workshop, 
all  in  receipt  of  weekly  wages.  If  we  include  all  those  whose 
income  is  not  above  the  standard  of  the  classes  I  have  just 
enumerated  I  think  we  are  safe  in  saying  tliat  a  full  half  of 
the  total  income  is  absorbed  by  these.  There  are  between 
15  and  20  millions  of  them,  and  with  their  wives  and  depen- 
dent children  they  comprise  very  much  the  greater  part  of 
the  community. 

What  remains  out  of  the  2,000  to  2,400  millions  of  money 
goes,  on  the  other  liand,  to  the  small  minority.  It  is  stated 
that  the  1 1,500  super-taxpayers  take  145  millions  among 
them.  They  may  represent  with  tlieir  families  60,000  people, 
and  thus  form  about  a  750tli  part  of  the  population  to  which 
goes  about  .a  16th  part  of  the  income.  It  will  be  observed  that  the 
division  I  have  rouglily  made  is  not  by  classes,  but  by  amount 
of  income.  This  does  not  vitiate  my  argument,  for  those 
whose  income  is  below  the  income-tax  limit  are,  in  the  main, 
those  belonging  to  the  class  I  have  called  industrial. 

No  one  can  pretend  that  this  division  is  satisfactory.  It 
cannot  be  well  that  a  statesman  should  be  justified  in  saying, 
even  to  make  a  rhetorical  point,  ihat  13  millions  of  the  popu- 
lation of  Great  Britain  are  on  the  verge  of  starvation.  In  a 
certain  sense  the  statement  is  true.  But  it  is  in  a  sense  true 
of  a  m ucli  greater  number  of  persons  than  those  to  whom  Sir 
Henry  Canipbell-Bannerman  referred.  All  those  who  depend 
for  their  income  on  what  is  somewhat  ironically  called  earned 
income,  in  contradistinction  to  unearned  income,  are  in  this 
danger.  When  we  come  to  examine  the  nature  of  the  income 
of  the  minority  we  shall  see  this  is  so. 

Let  us  proceed  to  do  this  by  taking  some  examples.  But 
first  let  us  ask  how  this  huge  sum  paid  to  the  minority  is 
made  up.  It  comprises,  in  the  first  place,  all  the  incomes 
derived  from  investments  except  so  far  as  these  fall  under 
the  total  of  £160  a  year.  Capital  invested  either  in  Great 
Britain  or  one  of  our  Colonies,  or  abroad,  goes  to  produce 
part  of  the  unearned  income.  The  railways,  the  ironworks, 
the  cotton  mills  are  all  contributing.  The  owners  of  the 
ships  which  serve  to  bring  food  to  keep  Sir  Henry's  millions 
from  starvation  produce  their  share.  The  rents  of  lands  and 
houses  are  there.  All  the  public  debt  of  this  country,  whether 
State  or  municipal,  adds  to  the  total. 

But  it  also  contains  all  rewards  for  services  of  all  sorts 
when  these  rewards  produce  more  than  £160  a  year.  The 
great  lawyer  wlio  earns  his  thousands  is  there— or  the  great 
doctor  or  surgeon.  No  one  is  compelled  to  contribute  to  their 
income.  We  go  to  them  when  we  are  in  trouble,  because  we 
feel  they  possess  a  sort  of  skill  for  which  in  the  circumstances 
no  reward  we  can  pay  is  excessive.  As  to  the  doctor  or  tlie 
surgeon,  what  is  to  be  said  against  this  argument,  which  I 
-shall  use  in  a  somewhat  different  connection  at  a  later 
st  age  ？ 

To  induce  men  to  exert  their  greatest  skill  we  offer  large 
rewards.  These  rewards  may  take  many  forms  and  their 
relative  attractiveness  may  vary  from  age  to  age  and  from 
country  to  country.  That  which  for  many  centuries  has  proved 
the  most  attractive  all  over  the  world  has  been  a  reward  in 


money.  And  so  nion  have  come  to  ofTer  heavy  fees  for  suHt 
services  as  iliose  of  which  T  speak.  But  to  obtain  the  reward 
imicli  practice  is  re(|uirod,  and  so  tho  great  surgeon  williii"'ly 
""ves  a  great  part  of  his  skill  ^M-at  iiiiously.  lie  begins,  after 
a  costly  ed Ileal  ion  lastintr  t  ill  perluips  liis  2',U'd  year,  as  house 
sui'^eon  at  a  salary  which  keeps  liirii  still  in  ilie  .£100  limil .  I  lo 
gradual ly  gets  more  experience  and  grealer  repiiiai  ion  i  ill  ；，, 
rich  man  will  readily  ])ay  hundreds  of  poumls  lor  Ins  lielp. 
But  all  the  lime  he  is  doing  hospital  work  for  iiolliing.  I  do 
not  undervalue  the  debt  the  com  in  unity  owes  to  him  nor  his 
unselfishness  in  spending  himself,  as  he  most  generously  does, 
but  we  iiiust  not  overlook  the  fact  tliat  the  skill  he  has 
acquired  he  thus  maintains,  and  so  is  able  to  get  from  the 
wealthy  tlie  fees  which  raise  him  into  tlie  class  of  which  the 
existence  is  frequently  roiidemned.  Yet  let  us  not  fail  to 
observe  that  the  uiifoi tunate  sufferer  in  the  starvat ion  class 
has  got  relief  for  nothing  ！  This  soul  of  goodness  is  found  in 
things  called  evil,  I  don't  say  that  money  reward  is  the 
supreme,  much  less  the  sole,  temptation  to  all  men.  I  recall 
to  your  minds  the  anecdote  told  of  Faraday,  who  in  the  heiglit 
of  his  fame  was  asked  by  some  capitalists  to  advise  them  in 
the  prosecution  of  an  enterprise  calling  for  great  scieatific 
knowledge,  offering  a  very  large  salary  for  his  services.  He 
is  said  to  have  replied  that  lie  was  too  busy  to  be  troubled 
about  earning  money. 

Or  may  I  take  another  class  ？  A  successful  dramatist  or 
novelist  receives  to-day  enormous  sums  for  his  work.  The 
writers  and  composers  of  a  popular  musical  comedy  or  revue 
net  large  amounts  in  royalties.  Even  more  difficult  is  the  case 
of  the  successful  novelist.  Such  an  one  gets,  say,  £10,000 
for  a  work  of  fiction.  The  book  is  sold  cheaper  than  ever  in 
the  history  of  literature.  The  mere  cheapness  lias  permitted 
the  large  sales,  and  the  royalty  on  the  book  produces  the  large 
reward  I  have  mentioned.  If  the  success  is  great  enough  it. 
passes  into  a  still  cheaper  form,  and  is  sold  by  its  100,000 
for  7d.  or  less  a  copy ― each  100,000  adding  perhaps  another 
£500  or  even  £1,000  to  the  amount  alieacly  paid.  Who  can 
with  justice  complain  ？  Everybody  engaged  in  the  produc- 
lion  of  the  book ― paperniaker,  printer,  binder,  bookseller ― 
gets  good  remuneration  for  their  share  in  accordance  with  a 
scale  eettled  by  free  negotiation,  and  the  public  is  sc ived 
better  and  more  cheaply  liian  ever  before.  Why  should  not 
tlie  author  have  the  full  reward  which  remains  after  all  these 
claims  are  satisfied  ？  But  for  him  none  of  the  employ  noiit 
would  have  been  forthcoming. 

The  minority  amongst  whom  this  liuge  share  -  is  divided 
comprises,  liowever,  many  others  besides  those  whom  I  have 
instanced,  who  stand  for  the  persons  for  whose  services  the 
community  is  willing  to  pay,  often  as  we  have  seen  at  what 
some  may  regard  as  exorbitant  rates.  But  it.  comprises  also 
all  who  serve  at  more  reasonable  figures.  If  we  deducted  tl:e 
income  falling  to  all  these  we  should  find  that  the  amount 
paid  to  the  remainder  was  not  so  extravagant  as  at  first  blush 
seems  probable. 

It  is  to  a  further  examination  of  what  remains  that  I 
wish  to  turn,  for  it  is  from  this  that  many  appear  lo  hope  to 
find  some  means  of  better  adjusting  the  amount  paid  to 
various  sections  of  the  community.  I  propose  to  sliow  that 
those  who  cherish  this  hope  will  be  disappointed,  for  the  fund 
from  which  alone  relief  can  come  bears  no  reasonable  pro- 
portion to  the  sum  needed  to  effect  a  considerable  readjust- 
ment, 

I  have  frequently  cited  】iiy  own  experience  derived  from 
a  life-long  study  of  tlie  economic  conditions  of  my  own  trade. 
I  will  briefly  repeat  what  I  have  said  before.  In  the  iron 
trade,  beginning  from  the  raw  material  (fuel,  iron  ore,  and 
flux),  and  ending  at  the  finished  article,  the  proportion  may- 
be stated  as  follows :  Out  of  every  £100  spent,  £70  to  £75 
goes  to  wages  and  salaries,  of  tlie.  £2^  to  £30  remaining  about 
£10  goes  to  the  owner  of  the  works,  and  the  rest  is  absorbed 
in  various  ways  which  it,  is  difficult  to  state  briefly.  It  com- 
prises royalties  paid  for  the  minerals— it  also  comprises  inte- 
rest paid  to  others.  Tliis  is  an  item  on  which  I  must  dwell 
for  a  moment,  because  the  more  drastic  reformers  are  for 
doing  away  with  interest  altogether.  But  how  can  I  escape  ？ 
The  State  and  the  municipality  compel  me  to  pay  taxes  and 
rates.    A  great  part  of  these  is  labour,  and  is  comprised  in 
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tlie  £70  to  £75 ― but  a  great  part  is  interest  on  borrowed 
money.  What  would  the  reformer  have  nie  do?  If  1  don't 
pay  I  run  the  risk  of  imprisonment,  and  so  I  pay.  Railway 
dues ― of  which  more  anon 一 consist  largely  of  interest  on 
capital.  I  low  can  I  escape  paying  this  if  I  will  liave  my 
goods  carried  ？ 

In  my  trade  in  tliis  country  I  turn  my  capital  over 
roughly  once  a  year,  that  is  to  say  my  gross  income  is  about 
the  same  as  my  capital.  It  is  clear,  therefore,  that  the  £10 
or  so  left  over  for  me  is  10  per  cent,  on  my  own  capital, 
while  the  £70  to  £75  disbursed  in  wages  directly  or  indirectly 
is  70  to  75  per  cent,  on  my  capital.  If  wages  rise  10  per 
cent.  I  have  to  pay  £7  to  £7,  10s.  more,  and  as  the  only  fund 
in  my  control  is  the  £10  aforesaid,  it  is  clear  very  little  will 
be  left  to  me.  My  trade  won't  be  worth  carrying  on.  And 
all  the  more  true  is  this  because  if  I  were  to  divide  as  profit  the 
whole  of  tlie  £10  remaining  to  me  I  should  speedily  become 
baiikru pt  because  my  works  would  become  obsolete.  If  you 
will  take  the  balance-sheets  of  any  prosperous  concern  you 
will  see  that  they  never  divide  more  than  between  one-half 
and  twothirds  of  the  gross  profits.  The  rest  goes  back  to 
maintain  and  improve  the  business. 

In  other  countries,  America  for  example,  the  turnover 
is  much  slower.  The  magnates  in  New  York  were  surprised 
at  my  statement  and  told  me  that  three  years  was  more  like 
the  time  needed  in  their  American  steel  trade.  That  means 
that  the  capital  is  much  larger  than  in  England,  and  this 
quite  agrees  with  the  opinion  formed  on  other  evidence.  For 
example,  the  horse-power  per  worker  in  the  United  States 
is  said  to  be  2,346  against  1,182  in  this  country.  I  cannot 
now  pause  to  draw  attention  to  all  that  is  comprised  in  the 
contrast  which  has,  however,  a  great  and  very  direct  bearing 
on  my  subject.  I  will  rather  devote  the  time  wliicli  I  still 
have  at  my  disposal  to  giving  you  some  figures  with  reference 
to  a  very  important  branch  of  industry  in  this  country  wliich 
turns  its  capital  over  with  surprising  slowness. 

The  railways  of  Great  Britain  have  a  capital  of 
£1,341,222,000.  Their  gross  receipts  in  1914  were 
£139,098,000.  Their  capital  was  turned  over  in  about  nine 
years.  The  surplus  income  after  meeting  all  costs  of  working, 
but  before  paying  any  dividend,  was  £30,925,000.  They 
had  over  22  per  cent,  against  my  10  per  cent.  Now  it  might 
be  thought  that  out  of  this  large  surplus  it  would  not  be 
found  difficult  to  fuid  something  to  rectify  the  wide  dis- 
crepancy between  the  shares  of  the  majority  and  the  minority. 
Yet  observe  that  on  tlie  capital  embarked  in  railway  enter- 
prise in  Great  Britain  an  average  dividend  of  just  over  2.!, 
per  cent .  was  earned. 

I  f  it  is  objected  that  I  cannot  fairly  take  the  whole  rail- 
way system  of  Great  Britain  as  an  example,  I  will  ask  you 
to  consider  with  me  the  figures  of  one  very  prosperous  rail- 
way, of  which  I  am  a  director.  I  take  the  figures  of  the  year 
1913,  before  the  war  disturbed  everything.  At  that  date  the 
capital  invested  in  the  iindei taking  amounted,  in  round 
ui  es,  to  85  million  pounds.  The  gross  income  was  12 J 
niilliojip,  the  expenditure  8  millions,  and  there  was  a  balance 
of  4  h  millions.  The  capital  was,  as  you  see,  turned  over  in 
sometliijig  under  seven  years.  There  would  have  been  needed 
4^  millions  to  pay  5  per  cent,  on  tlie  total  capital  spent.  The 
wages  paid  in  tliat  year  came  to  millions,  and  were  (lis- 
trihuf  ('(1  among  nearly  53,000  persons  of  various  sorts  ：  each 
on  llie  average  t lius  received  a  little  over  £80.  10s.  in  the 
year. 

But  here  I  must  make  thai  further  subdivision  of  which 
I  spoke  at  an  earlier  period.  Tlie  53,000  men  employed  con- 
sist not  only  of  those  belonging  to  the  operative  class ― those 
wliose  income,  on  the  whole,  may  be  taken  to  fall  below  the 
income-tax  level,  but  also,  first,  the  clerical  staff,  next,  all 
those  concerned  with  adniiiiisti-ation,  and  finally  tliose  to 
whom  the  superior  control  of  t  lie  company's  affairs  is  eii- 
t rusted.  Taken  altogether  this  constitutes  a  great  nuinber 
of  persons.  Tii  fact,  there  are  upwards  of  8,000  of  1  hem. 
Very  much  the  greater  part  occupy  subordinate  positions  and 
receive  relatively  suiall  pay.  I  will  not  be  tempted  into  a 
digression  on  the  subject  of  their  pay,  which  is  full  of 
interest  and  baset  witli  clifFicult ios.  They  0P0U])y  <'ui  ittipoi*- 
1  ant  position  in  the  railway  hierarcliy  and  coiisl  it  ul  a  in  some 


sort  the  siib'^rdinate  nerves  by  which  the  central  brain,  of 
which  I  am  about  to  speak,  communicates  with  the  periphery. 

I  now  come  to  the  real  motive  force  of  the  undertaking 
which,  to  continue  my  simile,  may  be  compared  to  the  great 
ganglia  and  brain  of  the  higher  living  organisms.  To  this 
small  group  of  persons,  barely  ^  per  cent,  of  the  whole 
army  of  the  53,000  persons,  is  confined  all  the  important 
duties  of  general  direction  and  superior  management.  It  is 
sometimes  said  that  the  product  of  industry  is  given  in  too 
large  a  proportion  to  the  highly  paid  officials.  Let  us  see 
how  this  stands  in  the  case  of  the  railway  company.  The 
total  amount  payable  to  tlie  higher  members  of  the  staff— 
the  ganglia  and  brain ― does  not  amount  to  £100,000  out  of 
a  total  income  of  12^  millions,  in  fact  much  less  than  ^  per 
cent.,  while  the  whole  salaried  staff  does  not  absorb  7  per 
cent,  of  that  total.  I  have  usually  given  this  figure  as  not 
exceeding  5  per  cent.  It  is  greater  in  the  railway  service 
because  certain  grades  are  counted  as  clerical  which  in  ordi- 
nary industry  are  called  operative.  On  a  true  comparison 
made  on  precisely  the  same  lines  I  incline  to  the  belief  that 
5  per  cent,  would  cover  both  sorts  of  industry. 

The  whole  complex  of  nerves,  ganglia,  and  brain  absorb 
nearly  a  million  of  money,  but  as  the  average  income  of 
each  individual  is  only  a  little  more  than  40s.  a  week  it  ]s 
evident  not  much  can  come  from  this  source  towards  t  he 
improvement  of  the  position  of  the  less  important  but  more 
numerous  elements  of  the  organism.  If  I  deduct  the  earn- 
ings and  the  numbers  of  these  three  classes  I  find  that  the 
operatives  pure  and  simple  earn  on  the  average  £76  apiece 
a  year. 

Before  I  leave  this  subject  I  would  like  to  call  special 
attention  to  the  small  amount  paid  for  superior  management 
and  the  small  number  of  persons  in  this  class.  That  great 
skill  is  needed  for  this  work  cannot  be  questioned  by  anyone 
conversant  with  the  matter.  A  competent  manager  is  very 
hard  to  find,  and  must  be  fouiid  among  the  small  group  of 
officials  at  the  top  numbering-  considerably  less  than  100  all 
told.  Is  this  enough  to  give  width  of  choice  to  the  employer 
and  chance  of  being  chosen  to  the  man  who  has  the  root  of 
the  matter  in  him  ？  A  general  manager  may  not  unfittingly 
be  compared  with  the  great  specialists  in  50 me  of  the  walks 
of  life  to  which  I  have  referred  before.  I  am  comforted  by 
the  leflection  that  tlie  North-eastern  Railway  has  supplied  out 
of  its  score  or  so  of  men  who  occupy  the  brain  pan  of  tlie 
company  not  less  than  three  officials  to  the  country  in  its 
[jreseiit  straits.  I  hope  this  may  be  taken  to  show  tliat 
we  have  succeeded  within  our  own  compass,  and  without 
going  outside  the  subjects  of  the  King,  in  gathering  round 
us  a  group  of  very  competent  men.  From  all  this  I  liope  T 
have  made  it  clear  tliat  no  serious  improvement  in  the  re- 
immeration  of  the  great  mass  of  railway  men  can  be  got 
from  any  of  tlie  three  classes  into  which  I  have  divided  the 
salaried  staff. 

On  one  otl'er  point  I  shculd  like  to  touch  before  T  pro- 
ceed. T  have  been  told  by  railway  men  that  we  have  too 
many  foremen.  To  that  I  make  reply  that  tlie  men  liave 
themselves  to  thank.  Foremen  aiid  inspectors  and  such 'like 
are  einployecl  because  experience  lias  unfortunately  made  it 
clear  that  men  must  be  watched  or  tliey  will  not  do  their 
work  properly.  The  employer  dislikes  all  expenditure  with 
which  lie  can  dispense,  and  the  workmen  may  rely  011  it  that 
all  sucii  supervision  would  vauisli  as  soon  as  it  was  found 
to  be  unnecessary. 

The  dividends  were  distributed  among  60,670  holders  of 
shares  and  debentures,  so  if  the  whole  surplus  of  4i  millions 
had  gone  equally  each  sliareliolder  would  liave  got  a  trifle 
under  £73.  10s.  It  will  be  seen  tliat  if  the  men  of  all  sorts 
got  10  per  cent,  more,  the  shareholders  would  have  had  to 
sacrifice  about  11  per  cent,  of  their  income.  But  note-  tlie 
(nirioiis  coincidence  that  each  shareholder  is  responsible  for 
tlie  employment  of  rather  better  than  one  man,  the  propor- 
tion between  60  and  53,  say .  (to  be  nearly  accurate)  twelve- 
elevenths  of  a  man.  Now  take  an  average  shareholder  who 
has  somelliing  like  £1,600  invested  in  the  Nortli-eastern  Rail- 
way Company.  It  may  be  the  delicate  orphan  daughter  or 
widow  of  a  man  wlio  by  strenuous  labour  succeeded  in  accu- 
mulating £1,600  to  keep  his  family  from  want  and  who  died 
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when  he  had  >;()t  tiius  far.     The  pil  it'iil  ,l!7:i  (loss  tliuu 
a  wook)  is  to  he  (limiiiislitul  l()  Xj^f)  in  m.tlt'r'  thai  iiioii  whose 
stiuulard  of  life  is  t'iillilh、（l   with  £80    or  if   I   exclude  I  lir 
saliuiod  classes 丄7(；    shall  liavo  nu>re  pay. 

Hut  I  here  is  a  I'ui't  Ium-  reason  wliicli  lu'loii^s  to  1  ho  ivgi(m 
not  of  sentiment  like  the  foregoing  but  of  hard  economics. 
In  a  growing  district  like  the  iiorth-easl  of  England  the  rail- 
way is  perpetually  called  on  to  give  additional  and  great (m- 
facilities.  Careful  consideration  lias  led  to  1  he  conclusion 
that,  an  annual  capital  expenditure  somewhere  in  llie 
region  of  £1,000,000  is  required  for  this  purpose.  Call  il 
1  per  cent,  on  the  actual  capital  and  you  see  another 
coincidence  worth  noting ― the  growth  of  the  population  cor- 
responds with  the  call  made  on  the  railway  for  additional 
arc'oininodation.  The  subject  is  one  which  occupies  a  great 
deal  of  the  attention  of  railway  directors,  for  it  means  more 
capital,  and  capital  must  be  tempted.  How  difficult  it  has 
been  in  recent  years  before  the  war  to  get  these  additional 
resources  all  who  are  familiar  with  railway  finance  will  know. 
The  difficulties  have  frequently  compelled  the  delay  of  worKs 
which  otherwise  would  have  been  put  in  hand.  If  the  return 
to  be  obtained  on  the  investment  is  reduced,  1,1  le  difficulty  to 
which  I  refer  will  be  incieased,  the  growth  of  the  district 
will  be  checked,  employment  will  fall  off,  and  wages  instead 
of  rising  w'll  decline, 

I  hope  it  will  be  recognised  that  the  same  difficulty  which 
occurs  in  the  iron  trade  also  presents  itself  here,  and  in  this 
case  is  applicable  to  an  industry  which  employs  capital  com- 
parable to  the  whole  value  of  the  agricultural  land  of  the 
country. 

Now  the  moral  of  all  this  long  discourse  is  that  under 
existing  circumstances  the  present  division  of  the  products 
of  industry  cannot  be  divided  in  any  very  much  different  way 
from  the  present.  The  examination  which  I  made  of  my 
own  industry,  witli  an  annual  turnover  of  the  capital  en- 
gaged, gives  the  same  results  as  tliat  we  have  just  considered 
in  greater  detail  for  the  very  different  transportation  busi- 
ness. If  you  consult  the  exhaustive  examination  undertaken 
by  the  Census  of  Production  of  1907,  of  wliich  the  report 
was  published  in  1912,  you  will  find  the  same  result  is 
readied. 

It  would  be  a  vain  and  impotent  deduction  if  we  were 
obliged  to  admit  that,  bad  as  we  agree  the  present  division 
to  be,  nothing  better  could  be  ex])ected  in  t!ie  future.  For- 
tunately, this  is  not  the  conclusion  wliicli  is  forced  upon  iia. 
lu  passing  I  have  indicated  both  from  what  source  the  im- 
provement in  the  condition  of  the  mass  of  the  people  has 
come  in  the  past  and  whence,  as  T  believe,  it  must  come  in 
the  future.  When  I  first  had  to  do  with  wages,  common 
labour  was  getting  something  like  2s.  6d.  a  day.  In  the  old 
records  of  my  firm  I  find  figures  below  2s. ，  proving  tliat  50 
and  more  years  ago  tlie  iiiipiovemeiit  had  begun.  It  has 
risen  till,  as  we  have  seen,  the  average  wage  of  all  pm'soM?s> 
young  and  old,  skilled  and  unskilled ,  stands  at  the  5s.  a  day 
for  which,  in  the  great  coal  strike  in  1912,  the  miners 
clamoured  as  the  minimum. 

How  has  this  been  accomplished  ？  By  perpetually  im- 
proving the  appliances  put  into  the  workmen's  hands.  I  can 
give  a  striking  illustration.  When  I  began  to  make  pig  iron 
the  cost  of  labour  at  the  furnace  was  about  6s.  a  ton.  Before 
the  war  it  was  a  little  over  3s.  a  ton.  Yet  every  man  was 
paid  wages  wliicli  in  rnait  and  meal  were  fully  twice  as  higli 
as  50  years  since.  These  improved  conditions  had  been 
brought  about  in  spite  of  persistent,  resistance  by  the  men . 
Each  iniproveineiit  was  suspected  as  a  means  of  reducing  tlio 
niutiber  of  men,  wliile  in  f act  it  would,  in  i  lie  long  i-uii,  have 
just  the  contrary  effect. 

The  problem  which  faces  us  now  with  menacing  urgency 
is  to  bring  these  facts  home  to  all  engaged  in  industry,  to 
all  who  hope  the  new  world  on  which  we  have  entered 
is  to  be  a  better  world.  One  hopeful  sign  is  that  all  have 
learned  how  m ucli  more  could  be  accomplished  under  the 
stress  of  national  eniergency  and  the  spur  of  patriotic  sen- 
timent. The  women  liave  shown  that  the  so-called  skilled 
man  in  the  slioj)  possessed  only  sucli  skill  as  a  willing  hand 
and  brain  could  ai tain  in  a  few  weeks.  It  may  be  Utopian 
to  hope  that  the  baleful  shop  rules  of  the  past,  suspended  for 


t  Ih*  jxM'iod  nf  1  iic  war,  nwiy  never  return.  It  will  need  great 
(； ； uhI  self  (lo.iiial  on  hoi  li  sides  to  cllect.  t  liis,  but  were  it 
l、（issil)l''  lo  accomplish  it  how  (lillcrcnl  would  bo  the  division 
ol"  1  lie  prijclucl  of*  indust  vy .  If  the  men  insiejul  of  opposing 
the  (MnploytiHMil  of  adclii  ioiial  power  deniaiided  it,  if  in  place 
of  seekini^  lo  restrict  t  he  oul  put  they  sought  to  increase  i1， 
and  instead  of  refusing  to  "  mind  "  more  tlian  one  ！ nacliine 
1 1 1  e  y  insisted  on  "minding"  many,  if,  in  a  word,  t  lie  ]  ,100 
li.p.  1)6 r  man  in  i  his  country  could  grow  to  anything  like  the 
2,300  of  America,  wages  would  rise  here  as  they  have  risen 
in  America. 

See  how  the  tiling  works.  Let  me  go  back  to  my  iron 
illustration.  The  concern  has  100  as  its  capital  (it  may  be 
pounds,  or  thousands  of  pounds,  or  millions —— you  have  just 
to  add  so  many  more  noughts).  Tts  gross  income  is  100  ；  it 
gives  its  】iien  75  per  cent.,  keeps  10  per  cent.,  and  uses  the 
reniaiiicler  in  the  ways  described.  It  doubles  its  capital  and 
output,  but  does  not  increase  the  number  of  its  men  ；  20 
goes  as  before  to  the  capitalist,  30  as  before  to  satisfy  all 
otlier  claims,  and  the  men  get  150  to  pay  their  wages ― the 
£73  of  the  workman  has  become  £146.  It  is  not  so  simple 
as  this  in  fact,  but  the  principle  is  the  same.  And  it  is  in 
(his  way  that  the  improvement  has  been  effected  in  the  past. 

We  have  seen  that  the  gross  income  of  the  kingdom  is 
divided  into  two  halves,  falling  to  two  classes  differing  very 
greatly  in  number.  Of  the  part  falling  to  the  minority  we 
have  seen  leasous  to  doubt  whether  we  could  attack  any  con- 
siderable fraction  with  any  hope  of  success  on  either  economic 
or  ethical  grounds.  As  to  all  that  fraction  that  goes  to 
reward  capital  applied  to  industrial  enterprise,  great  or  small, 
we  have  seen  that  compared  with  the  revenue  it  produces  so 
small  a  portion  falls  to  capital,  that  even  if  it  were  all  taken 
no  great  increase  would  be  awarded  to  labour.  And,  as  it 
appears  to  me,  we  are  driven  to  the  conclusion  that  it  is  not 
in  this  way  that  we  can  obtain  that  improvement  in  the  stan- 
dai  d  of  life  of  the  mass  of  the  people  wliich  we  all  desire 
to  see  effected.  But  I  suggest  that  this  improvement  is 
within  reach  of  those  in  whose  favour  it  is  to  be  made  if 
tliey,  and  those  who  employ  them,  will  frankly  and  loyally 
co-operate  to  effect  the  necessary  change. 

I  will  conclude  this  too  long  address  with  an  anecdote 
wliicli  T  told  recently  in  another  place,  and  which,  to  my 
mind,  illustrates  the  whole  problem,  A  workman  I  know 
said,  "  I  can  earn  all  T  want  in  three  ciays，  so  I  never  fash 
myself  to  work  longer.  I  enjoy  three  days*  leisure  and  I 
leave  a  job  for  another  man."  That  he  should  work  three 
d ays  and  waste  three  (if  he  did  waste  them)  was  liis  own 
affair.  He  was  a  bad  citizen,  but  in  a  free  country  he  was 
within  his  right.  But  he  was  quite  wrong  about  the  job  for 
another  man.  For  if  he  had  worked  he  would  have  earned 
money  ；  if  he  liad  earned  money  he  would  have  spent  it  ;  if 
he  spent-  it  he  must  have  employed  labour,  for  labour,  as  we 
have  seen,  is  the  chief  ingredient  in  all  production.  But  if 
lie  had  said,  "  I  find  by  long  experience  tliat  in  three  days, 
working  as  hard  as  I  know  how,  I  can  produce  as  much  as 
if  I  worked  six ― and  so  I  do  all  I  know  for  three  and  then 
rest  and  enjoy  life  for  three,  while  my  mate  Jack,  who  is 
just,  such  another  as  I，  takes  my  place.  The  two  of  us  have 
three  days'  leisure  in  each  week  and  the  world  is  no  worse 
off  "  then  no  fault  can  be  found.  If  all  men  and  all  women 
in  all  ranks  of  life  would  act  like  my  hypothetical  Jack  and 
liis  mate,  the  problem  of  tlio  division  of  the  product  of  in- 
dustry would  V»e  solved. 


METHOD  OF  MANUFACTURING  ELASTIC  HELICAL  GEARS. 

A  METHOD  of  manufacturing  elastic  helical  gears  of  the  type 
which  comprises  a  plurality  of  discs  or  laniiiiie  fixed  on  a 
common  support  or  shaft,  and  slightly  spaced  apart'  at  their 
peripheries  to  permit  of  axial  yielding  under  tooth  pressure, 
has  recently  been  patented  by  tlie  General  Electric  Company, 
of  Schenectady,  New  York.  The  t^eth  on  these  gears  must 
necessarily  be  formed  after  the  plates  have  been  assembled  in 
order  to  ensure  that  they  are  correct.  It  is  not  possible,  how- 
ever, to  cut  the  teeth  on  the  discs  with,  the  peripheral  portions 
spaced  apart,  as  they  would  yield  and  vibrate  under  the  pres- 
sure of  tlio  cutting  tool  to  such  an  extent  that  the  teeth  would 
not  h?  true.    On  the  oil. or  hand  it  is  not  possible  to  cut  away 
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the  material  from  1  between  the  discs  to  form  tlie  space  after  the 
blank  has  been  assembled,  as  the  width  of  the  space  is  so  slight 
as  compared  to  its  depth  that  a  suitable  tool  could  not  be 
constructed  to  perform  the  work.  For  example,  the  width  of 
this  space  in  ordinary  practice  may  be  only  about  '01  in. 
Furthermore,  it  would  not  be  desirable  to  disassemble  the 
gear  after  the  te^th  have  been  cut  in  order  to  remove  the 
desired  material,  owing  to  the  difficulties  of  reassembling  the 
discs  again  in  exact  relative  position. 

In  the  method  under  notice  the  teeth  are  cut  on  what  is 
substantially  a  solid  blank.  All  the  material  which  is  to  be 
removed  from  between  the  respective  discs,  with  the  exception 
of  the  outer  peripheral  portion  thereof,  is  removed  before  the 
discs  are  assembled.  The  discs  are  then  assembled  in  the 
desired  manner  and  clam  ped  firmly  together  at  their  central 
portions.  The  teeth  are  then  cut  on  the  face  of  the  blank, 
after  which  the  remainder  of  the  material,  which  is  to  be 
removed  for  forming  the  space  between  the  discs,  is  cut  away 
by  a  suitable  tool.  As  it  is  located  at  the  outer  edge  of  the 
discs  it  is  easily  removed.  Fig.  1  is  a  side  view  partly  in  sec- 
tion illustrating  a  completed  gear.  Fig.  2  is  a  detailed 
sectional  view  illustrating  an  intermediate  step  in  the  method, 
and  Fig.  3  is  a  similar  view  showing  the  completed  gear. 
Referring  to  the  drawing  Fig.  1，  A  indicates  a  support  upon 
which  are  mounted  the  discs  or  lainiii?e  B  firmly  clamped  and 


FIG. 


FIG.  2. 


FIG.  3. 

Elastic  Hklical  Geabs. 

held  together  by  the  bolts  C.  The  support  is  carried  by  a 
shaft  D.  This  figure  shows  a  completed  gear,  and  it  will  be 
noticed  that  the  discs  or  laminae  are  spaced  slightly  apart  at 
their  peripheries,  as  indicated  at  E.  It  will  be  seen  that  this 
space  is  of  considerable  radial  depth  as  compared  to  its  width. 
The  width  of  the  spaces  between  the  discs  is  considerably 
exaggerated  in  the  drawing  for  the  sake  of  illustration. 

In  constructing  the  gear  the  discs  or  laminae  are  machined 
to  the  proper  thickness,  and  all  of  the  material  for  forming 
the  space  between  the  outer  periphery  of  the  discs  is  removed, 
with  the  exception  of  the  outer  portion,  as  indicated  at  F  in 
Fig.  2.  The  space  is  formed  by  removing  all  the  material  from 
the  side  of  one  of  two  adjacent  discs.  The  discs  or  laminse  are 
then  assembled  and  fixed  on  their  support,  and  when  so 
assembled  have  the  general  appearance  sliown  in  Fig.  2,  with 
the  exception  that,  there  would  be  no  teeth  on  them -  After 
being  assembled,  the  blank  is  finished  to  size  and  the  helical 
teeth  cut  thereon.  The  material  F  which  is  left  between  the 
discs  serves  to  back  up  the  disc's  so  that  there  can  be  no  vibra- 
tion, and  the  teetli  can  be  readily  cut  on  an  ordinary  gear- 
cutting  machine.  The  cutting  of  the  teeth  removes  a  portion 
of  the  material  F,  as  will  be  obvious,  the  portion  between 
the  teeth.  After  tlie  teeth  have  been  cut  the  gear  is  placed 
ill  a  lathe,  and  the  remainder  of  the  material  F  is  removed  by 
cutting  a  V-shaped  annular  notch  between  each  two  disc's. 
This  ^ives  a  completed  striu'turo,  as  shown  in  Fig.  3. 


OIL  VERSUS  WATER  FOR  QUENCHING  FORCINGS. 


BY  C.  D.  YOUNG. 


The  investigation,  discussed  in  this  article  was  mad e  in 
order  to  show  the  difference  between  the  physical  properties 
of  a  large  forging  quenched  in  water  and  those  of  a  similar 
forging  quenched  in  oil.      The  results  obtained  indicate  that 
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Atlantic  City.  N.J,,  June  27th  to  30th,  IQlti. 


Testiim  Materials, 


there  is  an  advantage  in  the  use'  of  water  as  a  quenching 
medium,  as  might  be  expected  from  its  physical  properties. 
Results  obtained  at  a  large  heat-treating  plant,  which  has 
turned  out  thousands  of  tons  of  quenched -and-tempered  carbon 
steel,  indicated  that  no  disastrous  effects  on  the  forgings  are 
to  be  anticipated  from  the  use  of  water  as  a  quenching 
medium,  providing  proper  care  is  taken  in  the  handling  of  Lhe 
steel  throughout  the  process.  The  forgings  used  for  this 
experiment  consisted  of  two  lOin.  locomotive  driving  axlee 
having  a  centre  bore  2in.  diani.  extending  the  entire 
length.  Both  axles  were  from  the  same  melt  of  steel,  aud 
preliniinary  chemical  analysis  indicated  the  same  chemical 
composition.  One  axle  was  treated  at  the  Juniata  shops  of 
the  Pennsylvania  Railroad  Company,  by  water  quenching,  and 
the  other  axle  by  a  steel  company  which  makes  a  practice  of 
oil  quenching. 

The  axle  marked  W  was  heated  to  1,550°  Fah.,  and  at  that 
temperature  quenched  in  water  at  about  60。  Fah.  Then,  in  a 
furnace  inaiiitaiiied  at  1,175。  Fah.,  it  was  heated  to  that  tem- 
perature and  cooled  therefrom  in  the  air  on  a  dry  ground  floor. 
That  is,  this  ax】e，  after  being  quenched  from  1，550。  Fah.  in 
v/ater  at  about  Fah.  was  drawn  '，  to  a  temperature  of 
1，175。  Fah. 

Similarly,  the  axle  marked  O  was  quenched  in  a  heavy  oil 
from  the  same  temperature  (1,550°  Fah,),  and  drawn  in  a 
furnace  to  1,200°  Fah.,  the  cooling  being  done  in  the  air  the 
same  as  for  the  water-queiiched  axle. 

It  was  aimed  to  have  the  tension  tests  on  both  axles  show 
an  elongation  in  2 in.  of  about  22  per  cent.  After  treatment, 
tlie  axles  were  laid  off  for  cutting  up  into  tension  test  speci- 
mens, as  shown  in  Fig.  1.  It  will  be  noted,  in  effect,  that  out 
of  each  axle  there  were  cut ― axially  and  for  the  full  length, 
12(r  apart ~ three  radial  and  straight  slabs  of  the  overall 
thickness  of  a  test  specimen,  and  out  of  each  slab  five  Gin. 
lengths,  each  identified  as  to  its  original  location  in  the  axle, 
whether  cut  from  the  end  and  from  which  end,  or  whether 
from  the  centre,  or  from  midway  between  centre  and  end,  and 
from  which  slab  ；  and  then  each  Gin.  length  was  cut  length- 
wise into  three  specimens  and  their  location  further  identified 
as  to  whether  cut  from  the  inner  or  outer  circumference  or 
from  the  middle  of  the  wall. 

As  shown  in  Fig.  1，  the  identification  marks  for  the  five 
Gin.  lengths,  in  order  from  one  end,  are,  respectively,  A，  B,  C， 
D，  and  E.  It  is  also  shown  that  the  specimens  from  length 
A,  for  example  are  numbered  radially  from  the  outside  of  the 
axle  towards  the  axis,  the  three  specimens  from  the  first  slab 
being  numbered,  as  described,  1，  2，  3  throughout  ；  second  slab 
4,  5,  6  ;  third  slab  7，  8，  9,  respectively.  The  specimens  from 
lengths  B，  C，  D，  and  E  also  have  the  same  numbering  as  those 
of  length  A. 

As  already  explained,  the  letter  W  applies  only  to  the 
water-quenched  axle  and  O  only  to  the  oil-quenched.  For 
example,  the  markings  WC2,  WC5,  and  WC8  each  apply  to  a 
different  slab,  but  all  refer  to  specimens  cut  from  the  water- 
quenched  axle^  from  its  central  Gin.  leiigtli,  and  from  the 
middle  of  the  wall.  The  corresponding  specimens  for  the  oil- 
quencliecl  axle  are  0C2，  0C5,  and  0C8.  Altoi^etlier  there  were 
45  specimens  per  axle,  15  specimens  from  the  three  longitu- 
dinal planes  through  the  axle,  and  nine  specimens  from  all 
three  slabs  from  each  of  the  five  Gin .  lengths.  Tlie  test  speci- 
mens were  turned  up  to  the  standard  2iii.  gauge  length,  iin. 
diam.  The  elastic  limit  was  determined  by  means  of 
a  strain  gauge.  All  tests  were  conducted  on  tlie  same 
100,000-pound  tension  testing  machine,  using  a  machine  speed 
of  ^in.  per  minute  for  both  the  elastic  limit  and  the  tensile 
strength. 

Results  of  tlie  tension  tests  in  which  comjjanson  is  made 
with  repect  to  the  distance  of  the  test  specimens  from  the  axis 
of  the  axle,  and  in  which  comparison  is  made  with  respect  to 
the  location  of  the  test  specimens  along  the  length  of  the  axle 
are  summarised  in  Table  I，  in  which  it  is  shown  that  tlie 
average  results  are  more  nearly  uniform  with  respect  to  the 
length  of  the  axle  than  with  respect  to  distance  from  the  axis. 
This  is  probably  due  to  segregation,  and  it  was  found  by 
chemical  analysis  that  the  carbon  content  was  not  uniform 
throughout  the  section.  Segregation  is  perhaps  to  be  expected 
in  the  ordinary  output  of  commercial  forgings,  but  not  to  the 
extent  found  here. 

A  comparison  of  the  average  physical  projierties  of  all  test 
specimens  from  both  axles  (Table  I)  shows  tliat  with  an  elon- 
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Plioioiiiicrotrraphs  taken  from  test  B|KM'iim"'s  WEG  and 
Wl)3  on  tlic  w;i"'r-(ju("irl"'<l  ； ixl(>  do  not  :ifl'(ml  any  apparent 
(:x]>laii;ili(ni  (or  t  he  d i fl'crciu'c  in  |)liysic;i  1  properrios,  hut  in 
l)otli  cases  iiulicato  that  t ho  water  (iu(»iirliiiig  was  ed'eriiv (；  iii 
securing  a  good  diH'usimi  of  llie  carbon  Hirowgliout  the  si nic- 
ture,  leaving  only  a  small  ainoiuil  of  i'errite  network.  The 
carhon  content  in  these  t  wo  specirnciis  was  about  t  he  same, 
slightly  over  0'60  per  cent. 

The  same  is  true  of  j)liolomi('r()gra])lis  taken  i'rom  test  speci- 
mens OVA  and  ODD  of  t he  oil-queiicluMl  axle,  1  lie  laltcr  liavin" 

Table  II. — Hhtrnical  Oorn position  of  S ptcimens. 
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This  table  ^ives  the  average  results  from  all  test  specimens 
located*  equidistant  from  the  axis  in  each  axle.      The  average 
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axlo  i^ave  ar.  t^lasl  \c  limit  (i'G  per  cent,  y  real  or,  about  t  he  same 
tensile  strength,  and  iiea rly  t he  same  roduct ioii  of  area. 

Tablk  I. ― Sum iiKinj  of  /tV,、'〃//'、'  of  7，'. 、•/■、'. 
Location  from  End. 


1 1'. 4  is  watei  quenched  :    OA  is  oil  (nienchcd. 

shown  higher  elastic  limit  and  tensile  strength,  with  lower 
elongation,  no  explanation  being  apparent  from  the  micro- 
striK't ure,  except  that  specimen  0E4  indicates  a  lower  carbon 
content,  which  was  confirmed  by  chemical  analysis.  The 
carbon  cont-ent  in  specimens  0E4  and  ODD  was  0'52  and  0'62 
respectively.     The  structure  of  the  oil-queiirhed  axle  shows  a 
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line  network  which  is  al)seiit  from  the  water-quenched  struc- 
ture, alt  Ikju^Ii  clia ract (.'l  ist  ic  of  carbon  steel  treated  by  the  oil- 
quenc'liiiig  method.  Table  II  t^^ives  the  chemical  analysis  of 
representative  test,  speciiiiens  taken  from  each  axle.  The 
water-quenched  axle  samples^  taken  from  tlie  A  end,  show  that 
the  outside  and  midway  specimens  WA4  and  WA5  have  the 
sanie  carbon  content,  but  when  compared  with  analysis  from 
specimen  W A6  of  the  inner  wall  there  appears  a  segregation 
of  15  per  cent.  The  same  is  true  of  the  samples  taken  from 
the  opposite  end  of  this  axle. 

In  the  oil-quenched  axle,  also,  tiie  same  segregated  con- 
dition is  present,  the  outer  and  niicldle  test  specimens  having 
about  the  same  carbon  couteiit,  while  the  specimens  0A6  and 
0E6  taken  close  to  the  inner  surface,  show  a  segregation  of 
14'5  and  11  per  cent,  respectively,  when  compared  with  the 
corresponding  samples  taken  from  the  middle  of  the  wall. 

The  segregation  found  in  of  these  axles  indicates  a 

condition  which  increases  the  diriicultv  of  securing  a  satisfac- 
tory Ireatineiit  of  the  forgings,  and  points  to  the  desirability 
of  im'liidiiig  ill  all  specifications  for  forgings  which  are  to  be 
heat  treated,  a  clause  to  govern  the  allowable  amount  of  segre- 
gat'itm  ；  otherwise  it  may  he  expected  that  extreme  segregation 
will  be  found,  as  in  the  forgings  here:  discussed. 


results  fiom  the  outer  test  specirrens  at  tlie  location  R  — iiu. 
show  the  water-quenched  axie  to  have  about  the  same  elonga- 
tion as  the  oil- quenched  axle,  7  per  cent,  greater  elastic  limit, 
5  per  cent,  greater  tensile  strength,  and  6  per  cent,  greater 
reduction  of  area. 

The  test  specimens  from  the  middle  of  the  wall  show  lower 
elastic  limit  and  tensile  strength  than  either  the  outer  or  inner 
test  ypeciineiis,  except  that  the  strength  of  the  water-(|iieiiched 
axle  at  the  middle  of  the  wall  was  i'ound  to  be  somewhat 
liiglier  than  in  the  outer  specimens.  It  is  evident  that  this 
mid-region  of  the  section  was  less  affected  by  the  heat  treat- 
ment. The  water-quenched  axle,  however,  shows  higher 
elastic  limit  and  tensile  strength  in  this  region  than  the  oil- 
quenched  axle,  altliough,  as  already  stated,  tlie  average 
strength  of  the  eiilire  section  rame  out  very  closely  the  same 
for  both.  " 

The  results  obtained  from  test  specimens  from  the 
inner  surface  of  the  wall  are  not  so  consistent  ；  that,  is,  they 
show  a  luglier  elastic-  limit  and  a  lower  tensile  strength,  elon- 
gatimi  and  reduction  of  area  for  the  water-quenched  axle. 

All  of  tlie  forgings  tested  meet  the  requirements  of  the  speci- 
ficalious  of  tlie  society,  except  thai  tlie  elastic  limit,  found  in 
the  middle  of  the  wall  in  the  oil— quenched  axle  is  somewhat 
low. 
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MISFITS  IN  SCREW  THREADS. 

In  the  course  ol  a  paper  uii  •'  The  Standardisation  of  Screw 
Threads/'  presented  before  the  convention  of  the  American 
Railway  Master  Mechanics  Association,  Mr.  F.  O.  Wells  stated 
that  ill  searching  for  the  principal  reasons  of  misfits  in  screw 
threads  over  a  period  of  years,  it  had  been  found  Ihal  iiuii- 
interchant^eabilitv  was  not  so  much  due  to  inaccuracy  in  the 
scre、v-(、u"ing  tools  themselves  as  to  the  unreliable  iiietliods 
employed  in  taking  and  transferring  measurements,  and  also 
to  the  total  disregard  of  proper  tolerances  for  both  male  and 
female  threads.  In  theory  screw-cutting  tools  should  repro- 
duce their  own  threads  ；  in  practice  tliey  did  not  always,  on 
account  of  the  conditions,  all  of  which  could  be  controlled  if 
one  wished  to  do  so.  Therefore,  the  principal  point  to  be 
brought  forward  was  that  it  was  not  the  tools  that  had  to 
interchange,  but  the  work  done  by  them.  It  was  generally 
ata-eed  among  the  tap-and-die  and  screw  inanufacturers  that 
the  screw  was  the  basic  from  which  all  formulas  and  calcula- 
tions should  be  derived.  The  usual  custom  was  to  tap  a  hole 
and  fit  the  screw  to  the  tapped  hole,  and  in  the  process  of 
making  a  screw,  if  the  lead  of  the  tap 
was  uot  normal  which  had  been  used  to 
tap  the  hole,  the  operator  kept  cutting 
down  the  screw  to  fit  the  hole,  and  con- 
sequently got  it  greatly  under  size  before 
it  fitted.  Therefore,  the  operator  did  not 
get  a  proper  bearing  on  the  angle  of  the 
thread,  because  in  all  probability  there 
were  but  one  or  two  threads  bearing  on 
the  sides  of  the  tapped  hole.  It  was  a  fact 
that  the  vast  majority  of  taps  broke  in 
use  and  that  very  few  wore  out.  Some 
authorities  put  the  total  breakage  at.  90 
per  cent,  of  all  the  taps  used.  This 
breakage  was  due  largely  to  the  fact  that 
the  lioles  to  be  tapped  were  not  either 
drilled  or  reamed  to  a  large  enough  size. 
For  ordinary  work  three-quarter  depth 
of  thread  was  good  practice.  A  nut 
having  only  one-half  depth  of  thread 
would  break  the  bolt  before  it  would  strip 
the  threads.  The  outside  diameter  had 
little  or  nothing  to  do  with  the  fit  for  a 
screw  thread  as  long  as  the  screw  was 
made  basic,  or  smaller,  and  the  tap  over 
basic.  If  this  condition  existed,  when 
put  into  use  the  metal  in  the  top  of  such 
threads  flowed  and  made  a  fit  depending 
upon  the  tolerances  ；  the  closer  the  tole- 
rances, tlie  tighter  the  fit.  Pitch  dia- 
meter and  lead  were  two  factors  of  equal 
and  reciprocal  iinportance.  To  obtain 
true  working  standards,  these  factors 
must  have  close  attention  on  the  part 
of  the  designing  engineer.      It  had  been 

found,  after  a  long  series  of  tests,  that  long,  curly  chips  from 
taps  required  less  power,  and  there  was  consequently  less 
breakage  than  from  taps  which  made  fine,  granulated  chips. 
This  statement  was  equally  true  of  dies.  To  obtain  these 
curly  chips  it  had  been  found  necessary  to  give  tliese  taps  and 
dies  a  certain  amount  of  positive  rake,  this  I'ake  clepeuding 
upon  the  material  to  be  cut.  One  would  not  think  of  using 
the  same  lathe  tool  or  milling  cutter  for  ciiltiiig  all  kinds  of 
material,  and  the  same  condition  existed  with  ta])s  and  dies. 
On  every  car  and  engine  there  were  many  screws  and  nuts 
subject  to  constant  jar  and  pound.  To  make  the  tolerance  of 
screw  tlireads  within  well-defined  limits  for  railroad  work 
would  tend  to  prevent  the  nuts  and  screws  from  working 
loose,  and  no  doubt  help  to  decrease  the  number  of  acddeji" 
that  could  be  prevented  by  some  forethought  and  care.  Tliese 
limits  must  be  very  carefully  worked  out,  liecause  on  screw 
thread—  subject  to  jar,  if  the  fit  was  too  loose,  the  parts  would 
quickly  come  apart,  while  if  the  fit  was  loo  tiglil  tlie  si  raid 
set  up  by  the  tight  (ii ,  together  with  1  he  jar,  would  soon 
carry  the  part  beyond  its  breaking  streiigtli,  and  so  cause  a 
rupture. 


OIL-BURNING  EQUIPMENT  FOR  LOCOMOTIVES. 

After  considerable  preliminary  experience,  involving  the 
ccuversiou  of  some  25  engines  from  coal  to  oil  burners,  the 
Florida  East  Coast  Railway  lias  decided  to  use  oil  as  fuel  on 
all  of  its  locomotives  operating  between  Key  We^t  and  Jack- 
sonville. The  general  ai  rangemeul  of  tlie  oil-burning  equip- 
ment of  tliese  locomotives  is  shown  in  the  accoin paiiying  illus- 
trations, for  which,  along  with  the  following  description,  we 
are  indebted  to  our  American  contemporary  "  The  Railway 
Review." 

The  locomotive  equipment  used  is  characteristic  of  that 
employed  on  other  lart^e  systems  which  have  gone  extensively 
into  the  use  of  oil  as  fuel.  Thus,  the  oil  tanks  are  made  to 
fit  into  the  coal  space  of  the  tenders  as  originally  constructed, 
and  are  provided  with  heater  coils  and  water  drain  valves, 
&c.  The  main  tank  heater  consists  of  a  coil  of  galvanised  iron 
pipe  placed'  over  and  siirrouiiding  the  flow  of  the  fuel  from 
the  main  body  of  oil  through  the  outlet  valve.  This  serves  to 
keep  the  oil  in  a  freely  fluid  state.    Tlie  steam  supply  for  this 
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Fire  Pan  and  Arrangement  of  Brick  Work,  Fuel  Oil  Burning  Equipment,  Florida  East  Coast  Ry, 


and  Damper  Control  Apparatus,  Fuel  OH  Burning  Equipment,  Florida  East  Cccst  Ry. 

heater  is  received  through  a  flexible'  jointed  pipe  from  a  special 
turret  on  the  locomotive  boiler  head,  with  the  control  valve 
placed  within  easy  reach  of  the  fireman.  A  drain  from  the 
heater  coil  serves  to  carry  off  condenyatioii.  From  the  main 
outlet  valve  in  the  tender  the  oil  flows  through  a  flexible 
metallic  conduit  by  gravity  through  a  superheater,  consist- 
ing of  a  steam-jacketed  length  of  pipe,  through  the  oil  flow 
control  cock  and  thence  to  the  burner. 

The  burner,  which  is  of  the  Clarke  vaiiety,  shown  in 
cross-section  in  one  of  the  illustrations  herewith,  is  placed  in 
{ lie  forward  end  ui'  1  lie  lirebox.  The  arrangemeiil  of  this 
burner  is  such  1  hat  the  How  of  oil  constitutes  a  core  which  is 
completely  su rrouiided  by  the  atoinisiug  steam.  The  steam 
thus  serves  to  further  heat  and  thin  the  oil.  As  it  escapes 
from  the  circular  nozzle  it  passes  through  a  series  of  spiral 
flutes  iii  such  a  way  as  to  give  the  oil  a  vigorous,  swirling 
action,  completely  diffusing  it  with  the  atomising  steam.  The 
oil  nozzle  is  telescopic,  the  movable  portion  being  held  iu 
position  against  the  conical  aperture  through  which  Uie 
steam  escapes  by  means  of  a  spring.    Increased  pressure  of 
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sleani  re-acts  against  ihv  force  of  this  sprint  aiul  allows  itsHl 
a  greater  area  of  opening  t  liroui^'li  wliicli  to  inako  its  t>s(';ii"'. 
The  quanlitv  of  oil  perniitlod  ")  How  ")  lltr  Imrm'r  is  con 
trolled  by  mVaiis  of  a  special  rock  in  iUv  oil  pipi'  inio 

just  ahead  of  the  burner,  tlie  i)|hm-;»1  iiii;  levor  there  tore  bein'i^ 
mounted,  tof^elher  with  the  tlampcr  foiitrol  rcgulaiiny  lev(M', 
on  a  si  and  within  easy  reach  of  Uie  riremiin's  sent.  The  st(>;im 
witli  which  to  atomise  the  oil,  as  in  the  case  of  thai  fur  tlit; 
tank  healer,  is  received  Irom  the  special  turret,  its  coulro! 
also  being  placed  coiivenieiil  to  the  lireman's  side  of  the  cal). 

The  Hre  pans  are  of  the  round  buttum  variety,  slopiu-; 
from  back  to  front  in  such  way  that  vvlialever  surplus  of  oil 
there  may  accumulate  in  the  pan  is  d rained  out  at  I  lie  fur- 
ward  end  and  does  not  bring  about  danger  from  explosion. 
The  bottoms  of  the  pans  are  lined  with  firebrick,  in  addition 
to  which  a  flash  wall  is  built  up  across  the  back  end  of  the 
firebox  to  the  height  of  the  door.  A  course  of  brick  is  set 
oil  edt^e  along  the  sides  of  the  fire  pan  to  protect  the  lower 
portions  of  the  side  sheets  from  the  intense  heat  and  at  the 
same  lime  to  assist  in  sealing  the  pan  at  the  point  of  its 
attachment  to  the  mud  ring. 

Very  particular  attention  has  been  given  the  matter  of 
draughting.     In  order  that  a  proper  atmospheric  balance  may 


The  Clarke  Fuel  Oil  Burner,  Type  Employed  on  the  Florida  East 
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Front  Damper  Regulator,  Fuel  Oil  Burning  Equipment,  Florida  East 
Coast  Ry. 

be  maintained  within  the  lirebox,  air  is  admitted  at  two 
points,  these  being  through  a  damper  at  the  front  wall  of 
the  fire  pan,  covering  apertures  tlirougli  this  wall  at  either 
side  of  and  beneath  the  burner,  and  through  a  second  damper 
controlling  the  supply  througli  the  flash  hole  located  about 
two-thirds  of  the  distance  from  the  burner  back  to  the  rear 
of  the  pan.  The  perforations  in  the  front  wall  of  the  ii re  pan 
covered  by  the  first  mentioned  damper  have  inserted  into 
each  a  4in.  length  of  tubing.  Air  supply  for  combustion  is 
received  at  this  point  during  the  operation  of  firin^-up. 
After  steam  has  been  raised  and  the  engine  starts  working, 
this  damper  may  be  partly  or  entirely  closed,  and  further 
air  for  combustion  may  be  received  through  the  secoiul 
damper  at  the  flasli  liole.  This  latter  damper  is  manipulated 
by  means  of  a  notched  lever  set  in  the  floor  of  the  cab.  】n 
the  front  end  of  the  locomotive  is  provided  a  short  nuzzle  and 


； I  long  draui^lit-  pipe.  A  quick  opcmiii"'  blower  valve  ol'  t  lie 
( )k;i(l(»(*  VMi  ioi  y  is  inslalletl  io  I'acilit  nia  1  Ik;  )nani|)ul:il  ion  n\ 
I  lit'  Ii  re  when  1  lie  cni^Miie  is  lujt  working. 

Tlir  iirciiiaii,  in  slokiiij^  1  licsi*  engines  as  o<jUi|»jn!(l  \\>i  oil 
luii'niii<;,  has  at  his  coiiunand  froiil  and  rear  dam  per  levers, 
i  ln'  oil  coul  rol  lever,  and  i'mtr  si  cain  valves.  The  llrst  of 
ll"、se  hit  1  vv  regulates  tli('  How  n t'  sl<';un  1  hrou^li  tlie  flexible 
jMpe  coniiection  io  1  lie  healing  oil  in  1  lie  tender,  the  second 
supplies  steam  for  the  atoniisat ion  ot"  1  he  oil  al  ilie  burner, 
the  t liird  controls  the  supply  ol'  steam  to  the  oil  superheater, 
and  t  lu'  t'ourth  is  provided  for  1  lie  purpose  of  blowing  sleain 
through  the  oil  condiiii  from  a  point  at  the  forward  end  of 
the  superheater^  back  through  that  eleinent  and  the  flexible 
pipe  coiiueclioii  to  the  tender.  The  occasion  for  t his  arises 
when  for  any  reason  the  oil  conduit  becomes  stopped  up.  At 
such  times  the  oil  feed  cock,  located  between  the  forward 
end  of  the  superheater  and  the  burner,  is  closed.  This 
arrangement  is  useful  also  in  providing  a  preliminary  means 
of  thoroughly  agitating  and  lieatiiig  the  oil  in  the  tank  prior 
to  firing-up. 


MODERNISING  OF  EXISTING  LOCOMOTIVES. 

A  COMMITTEE,  with  Mr.  F.  J.  Cole  as  chairman,  presented  a 
report  at  the  recent  animal  conventiou  of  the  American  Kail- 
way  Master  Mechanics'  Association  with  respect  to  the  follow- 
ing subjects  :  (1)  Length  of  time  an  engine  should  be  built  in 
order  to  justify  moclernisiii^  ；  (2)  tli3  conversion  of  consolida- 
tion engines  into  Mikados  ；  (3)  change  of  type  of  engines ; 
(4)  superheating  saturated-steam  engines  ；  (5)  brick  arches  ； 
(6)  outside  valve  gear ;  (7)  size  of  valves.  A  circular  was  sent 
to  the  members  of  the  association,  enquiring  as  to  the  char- 
acter, extent,  and  results  of  their  practice  in  the  modernising 
existing  locomotives^  and  from  the  32  replies  received,  the 
committee  arrived  at  the  following  conclusions  : —— 

L(uigth  of  l、ime  an  E  nyine  Slum  I  (J  he  Built  in  Order  to 
J astifij  Modtrnisiny. —— In  this  quest  ion  the  matter  of  what 
constitutes  modernising  should  be  clearly  borne  in  mind. 
Old  engines  are  usually  lighter  in  weight  and  have  less  trac- 
tive power  than  those  built  at  present.  The'  track,  bridges, 
&c.，  have  be&u  increased  in  strength  on  most  railroads,  so  that 
higher  axle  loads  and  greater  total  weights  can  be  borne  with 
safety  than  in  previous  years.  In  many  instances,  however, 
the  capacity,  weight,  and  condition  of  old  engines  would 
justify  the  application  of  many  improvements,  such  as.  super- 
heating, &c.，  which  nia ke  for  economy  and  increase  in  capacity. 

When  consideration  is  given  to  tlie  question  of  changing 
the  type  of  engines,  as  for  instance,  changing  the  wh^el 
arrangement  of  consolidation  (2 ― 8 ― 0)  into  Mikado  (2 ― 8—2)， 
the  matter  of  weight  and  capacity  is  thei  vital  issue.  Will  the 
engine,  after  a  large  amount  of  money,  say  50  per  cent,  of  its 
cost,  hay  been  spent,  be  modem  in  all  respects,  and  will  it 
perfonn  the  work  in  the  most  satisfactory  and  economical 
niaiiiier  'l  lu  oilier  words,  will  it,  when  rebuilt,  be  a 
thoroughly  up^to-clate  engine  as  could  be  purchased  for  this 
particular  service?  TJi©  matter,  therefore,  resolves  i  Use  If  into 
one /of  judgment  as  to  how  much  should  be  spent  upon  an 
old  engine,  and  whether  the  old  engine  after  being  rebuilt  or 
modernised  is  a  thoroughly  satisfactory  one  for  the  service 
which  it,  i&  intended  to  perform. 

Tli  ('  (  ' on  I'rrs/oN  o/  ^  ' o/t  so/ ir/a /  io//  /:，//,〃〃'  ,、■  utfo  M  f  L  ados. —— 
A  great  inaiiy  locomotives  have  l>eeu  thus  luodeniised.  This 
change  is  especially  desirable  where  greater  boiler  capacity  is 
necessary  in  inaint ainiiig  speed  and  sustained  horse- power  in 
cases  where  the  limitation  of  the  engine  has  been  the  inability 
of  the  boiler  to  supply  the  necessary  amount  of  steam.  Where 
consolidation  engines  are  of  large'  size,  with  wheels  of  suitable 
diameter  and  ample  crank  pins  and  axles,  having  modern 
tenders  of  large  capacity,  where  many  other  parts  can  be  used 
to  advantage,  it  is  often  economy  to  reconstruct  such  con- 
solidations (2 ― 8 ― 0)  and  convert  them  into  Mikados 
(2 ― 8 ― 2).  One  leading  railroad  system  has  converted 
between  400  and  500  consolidations  (2 ― 8 ― 0)  class  into 
Mikados  (2—8 ― 2)  class.  The  efficiency  of  its  power  is 
t  hereby  materially  increased. 

Most  consolidatiojis  built  during  the  last  ten  or  fifteen 
years  have  shallow  fireboxes  on  top  of  the  rear  pair  of  drivers. 
It  is  inore  difficult;  with  such  engines,  on  account  of  tlie  shallow 
throat,  to  equip  them  iu  a  satisfactory  inanuer  with  brick 
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arches.  When  they  are  converted  into  Mikados,  a  firebox  of 
any  size  and  depth  can  be  used  and  brick  arches  applied  in  a 
most  satisfactory  mauiier.  Flues  may  be  increased  in  length 
aud  sinoke-box  temperatures,  that  is，  the  heat  of  the  escaping 
gases,  may  be  decreased  correspondingly.  The  longer  boilers 
also  permit  the  use  of  combustion  chambers,  if  desired .  A 
Mikado  engine  can  at  times  be  operated  at  much  longer  cut-off 
without  lowering  the  steam  pressure  too  mucli,  the  boiler  being 
ample  to  provide  an  adequate  amount  of  steam  under  the  most 
exacting  conditions. 

As  a  general  proposition,  a  locomotive  boiler  canaot  be 
made  too  large.  It  often  is  made  too  small.  Therefore,  one  of 
the  most  satisfactory  means  of  increasing  economy  and  capa- 
city is  to  increase  the  boiler  capacity.  Fuel  is  burned  on  in  any 
old  engines  at  the  rate  of  ISOlbs.  to  2001bs.  per  square  foot  of 
grate  per  hour,  but  this  practice  is  very  uneconomical,  as  the 
rate  of  combustion  is  so  high  that  a  great  deal  of  unbunied 
products  of  combustion  are  passed  through  the  flues  aud  smoke- 
stack without  giving  up  all  their  available  heat.  On  the 
other  hand,  if  ample  grate  surface  is  provided,  the  rate  of 
combustion  can  be  kept  down  to  reasonable  limits  and  the 
economy  of  the  engine  increased  materially.  These  economical 
conditions  prevail  when  a  deep  firebox  of  ample  size  is  pro- 
vided, and  the  coal  can  then  be  burned  under  the  best  condi- 
tions. 

Change  of  Type  of  Locor/iof  /  res.— The  majority  of  engines 
which  have  had  the  type  changed  in  modernisiug  have  con- 
sisted of  consolidations  (2 ― 8 ― 0)  to  Mikado  (2 ― 8 ― 2).  Some 
consolidations  (2 ― 8 — 0)  have  been  converted  to  eight-coiipled 
switching  engines  by  removing  the  truck  and  changing  the 
distribution  so  as  to  throw  the  spring-supported  weight 
farther  back.  As  a  general  proposition,  in  considering  the 
conversion  of  type,  it  is  very  necessary  to  make  careful  study 
of  parts  that  can  be  u&ed  on  the  old  locomotive,  such  as  wheels, 
axles,  rods,  tender,  &c.，  at  the  same  time  estimating  or  obtain- 
ing bids  from  builders  as  to  what  the  work  can  be  done  for. 
Very  careful  consideration  must  also  be  given  to  ascertain 
whether,  after  the  rebuilding  has  been  accomplished,  the 
railroad  would  be  in  possession  of  a  really  modern  engine  best 
adapted  to  perform  tlie  service  for  which  it  is  intended. 

Superheating  Saturated-steam  Engines.— In  considering 
the  advantages  of  superheated  steam  for  locomotives,  two 
general  conditions  may  be  noted.  First,  the  economy  in  coal 
and  water  from  the  use  of  superheated  steam .  Secondly,  the 
additional  power  made  available  by  the  more  economical 
operation  of  the  engine.  If  a  simple  locomotive,  using  highly 
superheated  steam,  consumes  on  an  average  25  per  cent,  less 
fuel  in  the  same  service  than  the  same  engine  using  saturated 
steam,  then  751bs.  of  coal  consumed  with  superheated  steam 
will  do  the  same  work  as  lOOlbs.  used  with  saturated  steam. 
There  will  be,  therefore,  an  increase  in  indicated  horse-power  of 
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per  cent,  in  favour  of  the  superheater,  aud  the  actual  gain  in 
tractive  power  delivered  at  the  drawbar  will  be  even  greater 
than  this  increase  in  indicated  horse-power.  The  reason  of 
this  is  that  at  the  running  speeds  of  trains  about  40  per  cent, 
of  the  indicated  horse-power  is  absorbed  by  the  internal  fric- 
tion of  the  engine  and  tender,  leaving  only  about  60  per  cent, 
to  be  transmitted  to  the  drawbar.  Consequently  an  increase 
of  33  per  cent,  indicated  horse-power  represents  a  much  greater 
gain  in  dynamometer  horse- power.  Therefore,  the  friction  of 
the  locomotive  being  fairly  constant,  a  much  greater  drawbar 
pull  than  83  per  cent,  is  available  at  the  critical  points.  This 
large  addition  to  tlie  hauling  capacity  of  a  highly  superheated 
steam  locomotive  may  be  applied  either  to  the  hauling  of 
heavier  trains  or  to  higher  speeds,  or  to  both.  An  increase  in 
total  weight  or  wheel  load  due  to  the  application  of  the  super- 
heater is  relatively  small,  say  3,0001bs.  to  4，0001bs.，  conse- 
quently increased  tractive  power  is  obtained  without  material 
addition  to  tlie  weight. 

Superheating"  affords  the  most  available  means  of  meeti ng 
in  a  verv  economical  way  the  steadily  increasing  demand  for 
more  powerful  locomotives  without  making  them  abnormally 
heavy.  The  application,  to  existing  iocomotives,  oi  an  effi<'ien1 
superheater  capable  of  producing  and  niaijitai niiig  a  h'\^^\\ 
degree  of  superheat,  is  equivalent  to  a  considerable  increase  in 
boiler  caparitv,  which  is  usually  equivalent  to  a  hiVi^e  increase 
ill  the  hauling  capacity  of  a  locomotive.     Not  only  is  there 


considerable  fuel  economy,  ranging  from  20  to  25  per  cent.,  in 
the  use  of  superheated  steam,  buL  the  general  efficiency  of  the 
locomotive  is  so  increased  as  to  make  it  a  necessary  part  of  the 
eqiupiiieiit  of  all  new  engines  and  in  many  cases  on  old  loco- 
motives. By  reducing  the  amount  of  fuel  required  for  a  given 
amount  of  work,  the  superheater  increases  the  capacity  of  the 
boiler.  Most  locomotives,  especially  the  older  ones,  are  limited 
ill  their  service  by  the  amount  of  steam  which  the  boiler  will 
generate,  so  that  a  device  which  will  do  the  same  amount  of 
work  with,  say,  25  per  cent,  less  fuel,  will  obviously  make  a 
marked  improvement,  not  only  in  economy  and  efficiency,  but 
ill  the  hauling  power  of  the  engine. 

The  limitation  of  locomotives  in  many  instances  is  the 
inability  to  supply  them  with  coal  in  sufficient  quantities  and 
at  the  proper  time  ；  therefore,  any  device  which  reduces  the 
amount  of  coal  necessary  to  be  fed  t,o  the  furnace  is  a  long 
step  toward  improving  the  general  efficiency  of  the  engine. 
When  new  fireboxes  or  firebox  tube  sheets  are  requirfid,  it  is 
desirable  to  consider  the  application  of  superheaters  to  such 
locomotives,  'the  boilers  of  which  are  otherwise  in  good  condi- 
tion, whose  age  does  not  exceed,  say,  15  years,  or  where  new 
boilers  are  required  on  engines  which  otherwise  can  be  used 
with  advantage  for  some  particular  service.  In  such  instances 
tlie  application  of  superheaters  to  old  engines  is  one  which  will 
well  repay  the  outlay. 

Bt  'h  I  A  rrlu's. —— On  the  majority  of  engines  a  brick  arch, 
properly  installed  and  maintained  in  good  condition,  will  pro- 
duce a  substantial  saving  in  fuel,  and  also,  by  doing  the  work 
with  smaller  amount  of  coal,  improve  the  general  efficiency  of 
the  engine.  Probably  a  saving  of  about  5  to  10  per  cent,  can 
often  be  made  by  the  application  of  brick  arches.  It  therefore 
follows  that  if  without  the  arch  it  takes  lOOlbs.  of  coal  to  do  a 
certain  amount  of  work,  that  with  a  saving  of  10  per  cent,  and 
the  same  amount  of  coal  is  fed  to  the  firebox,  an  increase  in 
the  steaming  capacity  of  11  per  cent .  will  be  produced.  The 
brick  arch,  by  increasing  the  length  of  flameway  in  t.he  firebox 
and  preventing  the  gases  and  unburnt  coal  from  entering 
directly  into  the  boiler  tubes  before  complete  combustion  has 
taken  place,  adds  materially  to  the  steaming  capacity  of  the 
boiler  and  reduces  the  amount  of  coal  necessary  to  be  fired. 
Much  benefit  will  also  be  derived  from  its  use  by  preventing 
the  formation  of  black  smoke. 

Out  side  Valve.  Geo  /-.—Few  locomotives  at  the  present 
time  are  built  with  the  inside  or  Stephenson  valve  gear.  The 
size  of  Jocoinotive  has  increased  to  such  an  extent  that  it  is 
very  difficult  to  maintain  the  eccentrics  and  the  inside  portions 
of  the  moving  parts  of  a  Stephenson  gear  in  a  satisfactory  con 
ditiou.  The  outside  gears  are  much  easier  to  lubricate,  main- 
tain, and  inspect .  Their  moving  parts  consist  mostly  of 
articulations,  provided  with  case-harcleiied  pins  and  bushings 
in  place  of  the  large  rubbing  wearing  surfaces,  such  as  eccen- 
trics and  straps.  The  repairs  and  maintenance  of  outside 
valve  gears  to  keep  them  in  good  condition  are  much  easier 
and  cheaper  than  the  Stephenson.  JFiu'therniore，  the  reduced 
wear  of  the  outside  valve  gear,  by  reason  of  its  case-hardened 
]nns  and  bushings,  does  not  distort  the  gear  to  the  extent  that 
the  wear  of  the  eccentrics  and  straps  does  on  the  Stephenson 
gear.  This  is  a  very  important  matter,  since  the  outside 
gear  requires  but  little  or  no  adjustment  or  resetting  of  valves 
from  time  to  time,  it  being  the  custom  on  many  railroads  to 
make  the  gear  what  is  termed  "  a  blacksmith  job,"  that  is  pro— 
vided  with  no  means  of  adjustment,  so  that  any  change 
required  in  valve  setting  must  be  made  by  upsetting  or 
leiigtheinng  the  rods  in  a  blacksmith  shop.  Since  there  is  no 
distortion  due  to  wear  with  the  outside  gear,  except  that 
^  Hiiserl  by  the  wearing  of  the  main  box  in  the  pedestals,  the 
position  of  the  wedge,  or  wear  of  the  shoe,  it  follows  that  the 
outside  gear  can  be  left  alone  without  tinkering  or  adjust- 
】T】ent  to  a  greater  extent  than  is  possible  with  Stephenson  or 
inside  gears.  Another  advantage  of  the  outside  valve  gear  is 
that  transverse  bracing  can  be  used  between  the  frames  to 
maintain  them  in  proper  vertical  alignment  and  also  for  distri- 
buting the  stressed'. 

,S7:,、s  of  Vfflres ― With  superheated  steam  it  is  possible 
to  use  a  smaller  diameter  of  piston  valve  for  the  same  size  of 
cylinders  than  would  be  necessary  for  saturated  steam.  This 
is  largely  on  account  of  the  lightness  of  the  superheated  steam, 
which  permits  it  to  traverse  the  passages  and  ports  at  a  luiicli 
lii^^lier  velocity.  The  sizes  of  piston  valves  used  by  a  pi'o- 
:)('otn()live  builder  in  this  country  are  as  follows  : ― 


July  28，  15)1(5 J 


fkE'   MECHANICAL  ENt^INEHR. 


69 


Valve                              (VHihIo r  Dianiotor. 

Diameter.  SaturatocI  Steam.  Su|HM*lH'al ed  St(>;mi. 

lOin.  17  in.  to  18iii.  18  in.  to  H)in. 

llin.  18.Un.  to  l>Oin.  lO^in.  to  2\m. 

ll>in.  20Aiii.  to  22in.  21. Un.  to  2'Mn. 

Hill.  22Ain.  to  24iii.  23Ain.  to  '27in, 

IGin.  24tin.  upward  27|in.  upward 


Extensive  tests  were  made  by  the  Pennsylvania  Railroad 
on  the  locomotive  testing  plant  at  Altooiia  to  determine  the 
limitations  in  the  use  of  piston  valves  varying  from  7iii.  to 
16in.  diam.,  on  locomotives  having  22in.,  24in.,  and  25in. 
cylinders.  In  all  cases  these  tests  were  made  with  locomotives 
using  superheated  steam.  The  conclusions  drawn  from  these 
tests  led  the  Pennsylvania  Railroad  to  adopt  a  12in.  diam.  of 
valves  for  cylinders  between  20in.  and  27ii】.  diam.,  and  for 
cylinders  20in.  and  less,  8iii.  diam.  valves.  The  results  of 
these  tests  were  published  in  P.  R.  K.  Test  Department 
Bulletin  No.  23,  1914.  Some  of  the  conclusions  drawn  from 
these  tests  are  as  follows  : —— 

" To  establish  a  relation  between  the  valve  and  cylinder  so 
that  the  valve  may  be  standardised,  it  may  be  stated  generally 
that  the  diameter  of  the  valve  in  inches  for  superheated  steam 
should  not  be  less  than  0*016D-  where  the  diameter  of 
cylinder  in  inches.  The  12in.  valve  is  now  used  for  cylinders 
between  20iu.  and  27in.  diam.,  while  for  cylinders  of  20in.  or 
less,  an  Sin.  valve  is  used.  Cylinders  above  27in.  diam.  have 
not  been  used  for  any  class  of  locomotive  of  which  there  is 
more  than  one  example,  and  a  valve  diameter  for  such 
cylinders  need  not  be  considered  at  present.  Decreasing  the 
valve  diameter  on  a  locomotive  necessitates  increasing  the  per- 
centage of  cut-off  to  obtain  the  same  power  at  the  same  speed. 
This  causes  a  longer  valve  travel." 

From  a  maintenance  point  of  view,  it  is  of  course  desirable 
and  economical  for  a  railroad  to  carry  in  stock  as  few  diameters 
of  piston  valves  as  possible.  These  considerations  doubtless 
led  the  Pennsylvania  Railroad  to  adopt  the  8in.  and  12in. 
valves  as  standard  to  be  used  in  new  construction  and  recon- 
struction wherever  possible.  These  sizes  adopted  by  the 
Pennsylvania  Railroad  are  so  much  smaller  than  required  by 
current  locomotive  practice  in  the  United  States,  that  some 
caution  should  be  observed  in  adopting  them  without  due  con- 
sideration. For  instance  :  The  last  statement  in  the  conclu- 
sion, calling  attention  to  the  necessity  of  an  increase  in  per- 
centage of  cut-off  with  the  smaller  valve  diameter  in  order  to 
obtain  the  same  power  at  the  same  speed,  is  significant,  since  it 
necessarily  follows  that  the  expansive  force  of  the  steam  is  not 
utilised  as  advantageously,  and  it  would  therefore  appear  that 
some  decrease  in  economy  would  result.  The  question  of  size 
of  piston  valves  is  of  interest  in  the  modernising  of  existing 
locomotives,  since  many  railroads  were  committed  to  the  use  of 
slide  valves  because  of  their  many  recognised  good  qualities. 
With  tlie  general  introduction  of  the  superheater  and  its  recog- 
nised necessity  for  modem  engines,  difficulty  was  experienced 
in  applying  superheaters  to  engines  equipped  with  slide  valves, 
because  a  film  of  oil  could  not  be  maintained  by  ordinary 
methods  of  lubrication  between  the  valve  and  its  seat  and  to 
the  deformation  of  the  valve'  and  its  seat  at  the  higher 
temperatures. 

A  steam  chest  containing  a  piston  valve  that  can  be  applied 
to  existing  slide-valve  cylinders  has  been  designed,  manufac- 
tured, and  tried  on  many  leading  railroads.  At  the  present 
time  it  is  estimated  that  upward  of  75  engines  having  slide- 
valve  cylinders  are  equipped  with  superheaters,  steam  chests, 
and  piston  valves.  The  sizes  of  piston  valves  which  have  been 
used  for  this  purpose  are  Sin.  diam.,  with  ports  up  to  and 
including-  19in.  in  length  ；  9in.  diam.,  with  ports  20\n.  to  22in. 
in  length,  and  lOin.  diam.,  with  ports  exceeding  22iii.  in 
length. 

The  committee  concluded  its  I'epoi't  with  the  following  com- 
ment : —— 

Will  the  cutting  up  or  scrapping  of  old  locomotives  con- 
tinue at  the  same  rate  as  in  the  past?  This  matter  is  related 
to  the  modernising  of  existing  locomotives,  since  the  length  of 
time  that  an  engine  can  be  economically  kept  in  good  working 
order  is  dependent  largely  upon  its  weight  and  capacity.  A 
locomotive  can  be  kept  in  working  condition  indefinitely  by 
renewing-  worn-out  parts  such  as  boilers,  fire-boxes,  frames, 
cylinders,  wheels,  axles,  &c.  Thus  an  engine  can  be  maintainerl 
in  good  serviceable  condition,  so  that  it  would  not  bp  called 
worn-out,  if  renewals   are  made  when   necessary.     Such  a 


inot hod  of  coiiiinuous  re]>la(*ernent  is  econoinically  jKmHiijIo, 
provided  1  hf^  engiiu;  is  suit ； ihio  and  powerful  enough  for  Wm 
service. 

Bet'oi  e  t  hv  ciul  of  t  lie  last  cent  ury  1  licri^  wore  no  la n^c  loco- 
inot  ivos  such  as  we  are  accustoniecl  to  see  to-day.  The  ir (！ rnen- 
(lous  incrcaso  in  weight,  size,  and  power  came  in  the  fi rsi  ! 5 
or  1(>  years  of  this  century.  In  many  instaiK^es  this  increase 
in  size  of  locomotives  was  in  advance  of  the  briclgen  ajid  road- 
way, so'  that  it  was  necessary  to  rebuild  a  large  portion  of  the 
main  lines  in  this  country.  Now  that  this  has  been  accom- 
plished and  the  roadbeds  laid  with  heavy  rails  and  provided 
with  bridges  of  sufficient  capacity  to  carry  the  heaviest  wheel 
loads,  it  is  a  question  whether  the'  increase  in  weight  and 
power  of  locomotives  can  take  place  as  rapidly  in  the  next 
10  or  15  years  as  in  the  opening  years  of  this  century.  Assum- 
ing this  is  the  case,  and  that  there  will  be  no  such  tremendous 
increase  in  the  power  of  locomotives  for  the  next  few  years,  it 
logically  follows,  then,  that  their  life  may  be  increased  by 
renewals  of  parts.  Therefore,  instead  of  taking  20  as  an 
approximation  of  the  number  of  years  an  engine  would  last  in 
service,  the  life  of  the  large  modern  locomotive  may  be 
increased  for  a  longer  period.  During  this  time  it  would  be 
necessary  to  renew  many  parts,  and  it  is  also  probable  that 
many  economical  devices  which  would  fall  under  the  head  of 
modernising  of  existing  locomotives  could  also  be  applied.  Tt 
is  therefore  quite  possible  that  a  greater  proportion  of  locomo- 
tives will  be  rebuilt  or  modernised  in  the  future  than  in  the 
past. 


DIESEL  ENGINE  USERS'  ASSOCIATION. 

At  the  July  meeting  of  this  association,  after  further  new 
members  had  been  elected,  questions  in  connection  with  the 
use  of  tar  oils  as  fuel  in  Diesel  engines  were  further  dis- 
cussed. 

Mr.  Napier  Prentice  (Felixstowe)  gave  liis  experience  in 
regard  to  the  use  of  tar  oil,  which  he  had  obtained  from  a 
local  distiller.  He  had  found  difficulty  in  obtaining  quota- 
tions, and  in  getting  the  work  in  hand  of  altering  a  Diesel 
engine  so  as  to  specially  adapt  it  for  the  use  of  tar  oil  in  the 
manner  which  had  been  successfully  employed  on  tlie  Con- 
tinent, and  lie  therefore  decided  to  try  the  effect  of  using  tar 
oil  in  one  engine  without  any  alteration.  At  about  half-load 
he  found  this  was  not  successful,  as  misfiring  and  a  smoky 
exhaust  occurred.  He  was  advised  to  work  with  a  sharp 
edge  on  the  flame  plate,  and  with  this  alteration  and  a  slightly 
different  quality  of  tar  oil  lie  obtained  satisfactory  results  so 
long  as  tlie  engine  was  not  run  below  about  three-quarters  of 
full  load.  The  blast  pressure  at  all  running  loads  was  main- 
taiiied  at  five  atmospheres  below  the  normal  pressure  used 
when  running  with  petroleum  fuel  oil,  and  the  cooling  water 
outlet  was  restricted  so  as  to  maintain  a  temperature  of  125^ 
Fall,  as  against  110*^  Fal，.，  which  had  been  maintained  when 
using  the  other  class  of  fuel  oil. 

Mr.  F.  Banks  Warner  gave  some  information  as  to  ti  e 
general  position  in  regard  to  the  question  of  obtaining  suit- 
able supplies  of  tar  oils,  including  delivery  on  site.  At  the 
present  time  the  】iigh  railway  rates  for  this  class  of  business 
were  a  serious  handicap  to  its  development  in  certain  parts 
of  the  country  where  local  supplies  were  not  available. 

Mr.  P.  H.  Smith  read  a  paper  on  "  Crankshaft  Breakages 
ill  Diesel  Engines."  He  attributed  practically  all  cases  of 
shaft  fractures  to  a  lack  of  alignment  of  the  main  bearings, 
due  to  wear,  or  to  negligence  during  erection,  or  to  defective 
foundations.  He  stated  his  views  as  to  the  best  method  of  re^ 
bedding  a  crankshaft  and  of  securing  perfect  alignment,  and 
as  to  the  best  proportions  in  the  design  of  crankshafts  for 
Diesel  engines.  Mr.  Smith's  paper  is  reproduced  in  fwfenso 
in  another  part  of  this  issue.  The  association  will  resume 
its  meetings  next  October. 


Metallic   Packing   for   Superheater  Locomotives.  ―  At  the 

American  Railway  Master  Mechanics  Association  Convention 
it  was  pointed  out  that  some  railroads  had  found  the  so-called 
80-20  (80  per  cent,  lead  and  20  per  cent,  antimony)  mixture 
for  metallic  piston-rod  packing  incapable  of  withstanding 
the  service  imposed  through  the  use  of  superheater  steam,  in 
consequence  of  which  the  50-50  mixture  (equal  parts  of  lead 
and  copper)  has  been  substituted  with  good  effect. 
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THE  IMPORTANCE  OF  INCREASED  PRODUCTION. 

BY  \V.  L.  IIICIIENS. 

In  an  address  on  the  above  subject  delivered  at  the  National 
Economy  Exhibition,  London,  on  June  29th,  Mr.  W. 
L.  Hicliens,  chairman  of  Messrs.  Cammell,  Laird,  &  Co.，  Ltd., 
stated  that  as  a  large  employer  of  labour  all  questions  of 
labour  and  capital  interested  him  more  than  anything  else, 
save  the  war.  The  war  had  given  them  a  new  angle  of  vision 
in  regard  to  many  things.  Before  the  war  they  lived  in  an 
age  of  individualism.  The  watchwords  of  the  19th  century 
had  been  self  realisation,  survival  of  the  fittest,  fa  ire, 

and  the  interests  of  the  individual.  By  an  extension  of 
meaning  the  same  ideas  were  also  applied  to  various  groups 
of  society.  Employers  organised  themselves  into  federations, 
and  working  people  organised  themselves  into  trade  unions, 
both  of  which  existed  for  the  purpose  of  seeking  their  own 
interests.  Other  classes  of  society  followed  suit,  with  the 
result  that  individual  interests  or  class  interests  ranked  first, 
and  tlie  interests  of  the  country  as  a  whole  took  second  place. 
Politics  was  regarded  as  a  game  in  which  each  section  played 
for  its  own  hand,  and  justice  was  supposed  to  reside  in  num- 
bers. Then  came  the  war,  and  straightway  some  3,000,000 
men  were  found  ready  to  sacrifice  their  lives  for  their  country. 
The  clouds  seemed  to  lift,  the  horizon  extended,  and  they 
realised  tliat  patriotism  ranked  above  individualism  and  class 
loyalty.  It  was  seen  clearly  that  the  supreme  interests  of  the 
country  could  only  be  secured  by  self-sacrifice. 

It  was  seen  at  home ― and  even  more  clearly  in  the 
Dominions ― that  that  newer  and  wider  outlook  also  applied 
in  regard  to  their  view  of  the  Empire.  They  realised  that 
love  of  the  Empire  was  no  mere  sham,  but  it  was  something 
that  lliey  grasped  with  an  intense  keenness,  and  for  which  they 
were  prepared  to  lay  down  their  lives  if  necessary.  Many 
of  them  had  begun  to  dream  dreams,  and  to  picture  to  them- 
selves the  use  they  would  make  of  that  wider  form  of  patrio- 
tism after  the  war.  They  were  surprised  to  find  how  far 
away  they  had  drifted  from  the  old  individualism  of  pre-war 
days.  That  wider  vision  applied  also  in  the  case  of  national 
production.  Before  the  war  many  men  made  it  their  ideal  to 
put  together  a  competence  so  that  at  the  earliest  possible 
moment,  they  could  retire  and  live  happily  ever  afterwards. 
And  how  many  young  men  and  women  there  were  who 
tliouglit  it  no  shame  to  live  a  life  of  idleness  if  they  could 
afford  to  do  so!  But  now  the  oldest  "  dug-out  "  in  the 
country  was  anxious  to  "  do  his  bit,"  ashamed  to  be  found 
idle  when  there  was  work  for  all. 

They  realised  now  that  there  was  an  uiiliniited  demand  for 
everything  they  could  produce,  and  he  hoped  that  idea  would 
not  vanish  when  the  war  was  over.  It  seemed  to  him  that 
if  it  was  essential  for  them  to  work  as  hard  as  possible  to 
preserve  their  liberties,  it  would  also  be  a  valuable  thing 
after  the  war  to  work  as  hard  as  they  could  for  the  sake  of 
the  happiness  and  welfare  of  the  whole  community.  To-day 
there  was  an  unlimited  demand  for  everything  they  could 
produce.  They  wanted  】ruuiitio"s  for  themselves,  and  for 
their  Allies.  Tliey  also  wanted  to  produce  as  many  other 
tilings  as  possible  in  addition  to  munitions,  in  order  that  they 
might  be  exclianged  witli  other  countries  for  commodities 
needed  for  war  purposes.  Munitions  of  war  from  abroad 
could  be  paid  for  in  four  different  ways  :  (1)  By  the  selling 
of  American  dollar  securities  ；  (2)  by  exporting  gold  ；  (3)  by 
raising  loans  in  countries  witli  which  they  wished  to  trade. 
But  tlie  supply  from  tliese  sources  was  limited.  (4)  Most 
important  of  all,  they  could  exchange  goods  exported  from 
this  country  for  munitions,  and  that  was  the  most  satisfactory 
way  of  achieving  their  object. 

A  very  great  deal  had  already  been  done  in  the  way  of 
increasing  their  exports.  The  latest  figures  showed  that  the 
value  of  exports  from  Great  Britain  in  May,  1916,  was 
£47,000,000 :  in  May,  1915,  it  was  £33,500,000,  while  in 
Au^Mist,  1914,  it  was  only  £24,000,000.  That  was,  of  course, 
a  very  large  and  satisfactory  increase,  and  if  they  would  only 
go  on  increasing  at  the  same  rate  ；  if  by  this  time  next  year 
the  exports  had  again  increased  by  one-third,  and  another 
£180,000,000  per  year  had  been  added  to  Iheir  value,  every- 


one   could    see    how    enormously    our   position    would  be 
strengthened. 

Surely  much  could  still  be  done  to  improve  output.  Some- 
thing also  might  be  done  by  increasing  Government  organisa- 
tion, but  he  did  not  think  a  very  great  deal  could  be  clone  in 
that-  way,  because  he  did  not  think  the  Government  were  very 
good  organisers,  and  moreover,  he  did  not  think  they  had 
very  good  material  to  work  upon.  Tlie  sturdy  independence 
of  Englishmen,  which  was  a  very  valuable  quality  and  far 
superior  to  the  imrea^^oning  docility  of  the  Germans,  did  not 
lend  itself  to  Goveniinent  organisation.  Individual  liberty 
had  its  price,  but  it  was  worth  paying  for.  One  of  the 
things  the  Government  could  do  was  to  devote  more  atten- 
tion to  organising  the  shipbuilding  capacity  of  the  country. 
Nearly  a  year  ago  he  had  tried  to  get  a  committee  appointed 
of  sliipowners,  shipbuilders,  and  Admiralty  officials  to  deal 
with  this  subject.  It  was  obvious  t li at  additional  ships  were 
badly  wanted,  and  if  such  a  committee  saw  to  it  that  every 
shipbuilding  yard  was  fully  and  continuously  occupied  on  the 
type  of  work  most  suited  to  it，  he  was  confident  that  the 
output  would  have  been  materially  increased.  He  also 
thought  it  would  have  been  a  very  great  gain  if  the  merchant 
shipping  was  more  standardised  in  this  country,  so  that  they 
might  for  the  time  being  concentrate  more  on  quantity  than 
on  quality.  But  lie  was  told  that  this  was  not  practical  politics. 
However,  they  would  notice  that  quite  recently  a  powerful 
body  of  practical  shipowners  had  formed  a  company  to  pro- 
duce just  those  standardised  sliips  which  the  Government  had 
declared  to  be  outside  practical  politics.  He  was  still  in  liopes 
that  the  Government  would  do  something  in  this  matter.  But, 
speaking  generally,  they  had  to  depend  in  the  main  on  their 
own  individual  enterprise  and  effort.  He  felt  confident  that 
production  could  be  largely  increased,  because  it  was  still  in 
them  to  make  a  very  much  bigger  effort  than  they  made 
before. 

Before  the  war,  statistics  showed  them  that  two-and-a-half 
times  as  niucli  work  per  working  man  was  turned  out  in  the 
United  Slates  as  in  this  country.  Of  course,  in  America  they 
had  far  more  labour- saving  devices  than  were  used  here,  and 
that  fault  lay  mainly  with  British  employers,  who  did  not 
always  take  the  trouble  to  find  out  the  best  and  newest  appli- 
ances because  they  felt  they  could  rely  upon  a  cheap  labou r 
supply.  Responsibility  also  rested  with  the  Government, 
because  they  had  the  most  obsolete  and  antiquated  income- 
tax  regulations,  which  hampered  them  in  writing  off  their 
capital  within  the  life  of  machinery  which  they  had  pur- 
chased. In  the  United  States  it  was  commonly  considered 
that  macliinery  of  certain  types  became  obsolete  in  five  years. 
Tn  this  country  the  rate  of  depreciation  allowed  for  by  the 
Treasury  only  enabled  them  to  write  off  their  plant  in  20 
years.  The  consecjuence  was,  every  firm  was  tempted  to  go 
on  using  its  old  plant-  long  after  it  had  become  antiquated. 
The  question  of  depreciation  under  the  income-tax  laws  was 
now  a  very  serious  one,  far  more  serious  with  an  income-tax 
of  5s.  in  the  <£  than  it  was  in  the  days  before  the  war,  when 
it  was  only  Is.  2d.  in  the  £■  But  although  the  statement 
that  the  output  per  man  was  2-?,  times  greater  in  the  States 
may  have  needed  qualification,  everybody  who  had  visited  the 
States  would  bear  out  the  fact  that  men  worked  very  much 
harder  there  than  they  do  here.  He  thought  that  anybody 
in  close  touch  with  labour  would  say,  speaking  generally,  that 
there  was  still  a  considerable  restriction  of  output. 

The  of  her  day  a  well-known  shipbuilder  told  him  that  in 
his  shipbuilding  yard  20  per  cent,  of  his  men  were  always 
out  for  the  first  quarter  of  the  day,  that  was  before 
breakfast  ；  and  10  per  cent,  of  the  men  were  every 
day  out  for  the  whole  day.  That  was  far  too  high  a 
percentage  for  war  time.  There  was  no  need  for  men  to  keep 
such  bad  time  as  that.  As  another  example,  he  mentioned 
that  he  was  going  over  a  shell  shop  the  other  day  and  noticed 
that  the  filling  of  trucks  with  18-lb.  shells  was  being  carried 
out  by  women,  whereas  it  formerly  used  to  be  done  by  men. 
He  asked  the  manager  what  the  effect  of  the  change  was,  and 
was  told  that  one  woman  did  the  work  of  five  men  ！  He  would 
yield  to  no  one  in  the  great  respect  that  he  always  had  for 
the  capabilities  of  women,  but  lie  maintained  that  it  was  not 
quite  normal  that  women  should  be  able  to  work  five  times 
as  hard  as  men.    The  fact,  of  the  matter  was  that  they  had 
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been  unable  to  shako  rlt 、； u'  altogetlicr  of  pro-war  ideas,  and 
had  not  beet  I  able  in  all  cases  lo  ac(|uiro  the  new  an^1o>  of 
vision.  Restrict  ion  of  m"[mt  w;is  1  ho  woupon  used  in 
figl"  between  labour  atui  capital,  and  t lial.  weapon  had  not 
been  thrown  away  by  labour.  For  the  inomenl.  there  was  a 
Inice  bol woiMi  the  two  parlies,  hut  it  was  a  f ruro  of  tlie  1'ype 
which  everyone  would  (!o|nvcate  if  it  were  ap])lio(l  as  a  solu- 
tion of  the  prose  lit  world  st  nii^i^le. 

Tl»ey  a  final  sett  lenient  of  tlio  niisiimlerstanding 

between  labour  and  capital.  It  was  easy  to  make  out  a  strong 
caso  to  sliow  t liat.  labour  should  abandon  this  weapon  ai.  the 
present  time.  Tf  they  did,  they  would  not  really  prejudice 
iheir  posil  ion  after  the  war,  because  the  employer  knew  well 
enough  what  his  machines  were  capable  of  and  could  distin- 
guish bet  weon  ' '  cannot  "  and  "will  not .  Restriction  of 
output  was  a  had  plan  from  the  workman's  point  of  view. 
It,  was  onlv  l)y  increased  output  tliat  the  wages  fund  could  be 
increased.  Washes  could  only  be  paid  out  of  production.  If 
production  was  reduced,  wages  would  have  to  be  reduced. 
Labour  argued  that  tliey  ought  to  have  a  larger  share  of  the 
profit-  paid  to  capital,  but  that  would  not  go  very  far  in  im- 
proving the  position  of  labour.  The  only  way  of  paying'  con- 
siderably higher  wages  was  to  increase  substantially  the 
production  of  the  country.  Labour  would  probably  not  deny 
the  trutli  of  this,  yet  the  argument  would  carry  very  little 
conviclion  to  the  working  man.  lie  would  feel  that  the  state- 
ment was  one-sided.  "  Our  difficulty,"  he  would  say,  "  is， 
that  supposing  we  do  increase  production,  we  have  no  guaran- 
tee that  the  increase  would  go  to  us,  for  all  experience  goes 
to  sliow  that  capital  gets  the  lio'n's  share." 

Labour's  grievance  was  that  capital  had  taken  more  than 
its  fair  share  of  the  good  things  of  this  world,  that  the  dis- 
tribution of  wealth  had  been  unfair  in  the  past ;  and  one 
must  admit  that  there  was  a  good  deal  of  truth  in  their  con- 
tention. Tf  one  studied  the  conditions  of  life  in  the  poorer 
districts-  of  the  country,  one  had  to  admit  that  there  was 
something  wrong  somewhere,  and  one  could  not  lielp  feeling 
that  more  of  the  wealth  of  this  country  ought  to  have  gone'  in 
making  I  he  lives  of  the  poorer  sections  of  the  community 
happier.  He  did  not  think  it  would  be  possible  to  make  an 
appeal  to  labour  to  drop  their  weapon  of  restriction  of  out- 
put permanently  unless  a  real  effort  was  made  to  understand 
iheir  point  of  view  and  to  meet  it  fairly.  The  question  of 
the  distribution  of  wealth  was  a  perennial  source  of  difficulty, 
but  til  at  was  no  reason  for  leaving  it  severely  alone. 

Something  had  to  be  done  soon  if  they  wanted  to  avoid 
serious  troubles  after  the  war.  He  urged  tlie  Governnieut  to 
appoint  at  once  a  com  mission  t  o  enquire  into  t  he  relations 
between  labour  and  capital.  Now  was  the  time  to  act,  because 
they  had  tlie  wider  vision  which  saw  beyond  inclivld iialisiii 
and  beyond  class  loyalty  to  patriotisxn.  It  was  only  if  they 
attacked  the  problem  from  that  point  of  view  that  they  could 
get  anything  approaching  a  satisfactory  solution.  The 
Government  iniglit  reply  that  they  had  quite  enough  com- 
missions to-day,  but  they  had  to  remember  that  comiiiissions 
were  necessary  to  educate  and  crystallise  public  o])inion  in 
a  democracy.  Everybody  ought  to  study  the  problem  for  him- 
self, and  realise  that  as  a  citizen  in  a  democracy  he  will  be 
called  upon  to  decide  what  policy  should  be  adopted.  The 
present  policy  of  drift  would  in  the  end  lead  to  a  revolution 
as  surely  as  the  policy  of  drift  in  regard  to  tlie  army  and 
foreign  afi'airs  led  to  a  European  war. 


HEAT  TREATMENT  OF  DROP  FORCINGS.* 

BY  AV.  C.  PETERSON 

The  manufacture  of  drop  forgiugs  involves  mechanical  treat- 
ment consisting  of  forming  the  metal  under  a  hammer,  or  in 
a  forging  machine,  and  heat  treatment,  which  modifies  the 
structure  of  the  steel.  The  handling  of  the  material,  in  the 
course  of  this  treatment,  has  a  great  influence  on  the'  physical 
properties  of  the  finished  forging.  All  steels  have  a  certain 
temperature  or  range  of  temperatures  where  the  sti'nctm'e  of 
the  stieel  undergoes  a  change.  This  range  of  temperatures  is 
r'alled  the  critical  range.  Upon  heatinj?;  a  piece  of  steel  from 
atmospheric  temperature  up  through  the  critical  range  and 

*  Paper  read  before  the  American  Drop  Forge  Association.  June,  1916. 


then  all(Hvi，i"'  it  to  cool  very  slowly  down  t/O  its  m'igiiial  "mm- 
p'eratm'e,  Uitv  steel  appears  as  a  very  close  cryHial lines  nivuc- 
tm'e.  Upon  further  heating  of  the  steel  through  its  critical 
l  aiige,  it  is  foinicl,  just  upon  emerging  from  this  range,  to  have 
a  very  fine  grained  structure.  Allowing  it  to  cool  fror"  this 
temperature  down  through  i1s  critical  temperature  it  is  foiuui 
that  a  very  slight  crystallisation  takes  place,  aflf;r  whicrli 
practioally  no  change  in  the  structure  is  nol  iceablo. 

In  drop  forging  it  is  necessary  to  have  the  ieinpornl  ui  o 
well  al)ove  the  critical  range,  since  otherwise  the  nifttal  would 
not  be  ]>lastic  enough  to  forge.  As  the  forfj;iiig  is  being  heated 
beyond  the  critical  range  the  grain  size  increases  until,  at  tlie 
temperature  at  which  forging  begins,  a  very  coarse  crystalline 
structure  is  apparent.  Application  of  heavy  blows  or  of 
pressure  soon  breaks  up  tliis  large  grain,  partirularly  if  this 
hamnieriiig  or  pressing  is  continued  sufficiotitly .  To  get,  the 
best  results  in  drop  forging  the  hammering  should  continue, 
for  it  must  be  remembered  that  large  and  crystalline  grains 
will  result,  if  the  steel  be  allowed  to  cool  undisturbed,  especially 
if  the  temperalure  is  well  above  the  critical  range.  This  can 
easily  be  demonstrated  by  heating  a  piece  of  sieel  up  to  tlie 
proper  forging  temperature'  and  hitting  it  just  a  few  Wows 
with  the  hammer  and  then  allowing  it  to  cool  undisturbed. 
It  shows  a  remarkable  grain  o-rowth.  On  the  other  hand,  if 
the  steel  upon  heating  to  the  proper  temperature  is  hammered 
continuously  t,o  a  point  where  the  tcinperature  is  just-  above 
the  critical  range  it  will  be  found  to  have  a  very  finely  grained 
strnctare.  It  is  well  then  to  designate  a  finishing  temperature 
on  forged  work,  and  the  nearer  this  ternp-erat.ure  is  to  the 
critical  and  yet  above  it,  the  better  the  forgiugs  will  be. 

If  the  hot  working  of  the  metal  is  to  continue  to  a  tem- 
perature below  the  critical  range  the  structure  will  still  be 
fine  grained,  since  crystallisation  ceases'  at  the  beginning  of 
this  range,  yet  it  would  be  distorted.  Distortion  in  the  struc- 
ture of  steel  means  decreased  ductility,  and  in  some  cases  even 
brittleness.  Such  a  condition  actually  exists  in  the  cold 
working:  of  steel,  since  it  is  known  that  the  structure  existing- 
below  the  critical  range  has  no'  tendency  to  crystallise.  The 
effect  of  cold  working  is  essentially  to  distort,  by  stretching 
the  elements  of  the  structure  in  the  direction  of  the  force 
applied,  causing'  decreased  ductility  and  brittleness.  Instances 
of  the  decrease  in  ductility  are  noted  in  the  cold-workincf  of 
steel  where  it  is  necessary  to  anneal  before  completing  the  final 
operation,  suoli  as  in  tube  or  wire  drawins 

Althoui?-!!  it  may  be  possible'  to  keep  the  finishing  tempera- 
t.ure  as  near  the  critical  range  as  is  practical  it  is  found  that 
the  inner  rortions  of  a  forging  of  small  cross-section  have  a 
much  cDarser  strain  than  those  of  the  outside.  It  is  extremely 
difficult  to  prevent  this,  for  if  the  finishing  temper  at  lire  is 
correct  for  the  outside  the  inner  portions  are  liotter,  causing 
grain  s^rowtli,  and  ae^ain  if  it  were  possible  to  adopt  the 
proper  temperature  for  the  inside  portion  of  a  foro;ing,  the 
outside  would  be  affected  h\  cold  workiiiG:,  causing  strains,  d'C. 

In  practice,  tlien,  conditions  exist  wliich  are  not  ideal  for 
forgoing,  such  as  uniformity  in  fiiiishinof  tern peratiires,  and 
difference  in  structure  from  centre  to  outside.  Heai  treatment 
is  destined  to  overcome  to  a  marked  degree  the  influences  of 
these  irresTilarities.  It  consists  principallv  in  heat  in  the 
fm'giiigs  to  the  口' op'ei'  temperature  and  holding  this  tempera- 
ture constant  until  the  entire  forging  is  uniformly  heated 
tlirono'h,  filially  cooling  to  atmospheric  temperature.  In 
heatinp*  up  the  for2;ing  the  temperature  should  be  carried 
throne^h  the  crit ical  rang^e,  for  in  so  (loiiip*  any  coarse  structure 
which  miejht-  have  been  present  before  is  now  destroyed,  and 
the  entire  foro-in^  at  this  temperature  presents  an  almost 
liomoeeiieous  structure .  If  tlie  temp-eratin-e  veiiiains  below  the 
critical  ran no  chaiie'e  in  stnu-tni-e  lakes  place,  and,  of 
(、ourse,  the  purpose  of  heat  treatiiieiit  is  defeated.  But  then 
there  is  d answer  also  of  heatiiii:)^  too'  far  above  the  critical 
r^n2:e,  since  the  steel  wheri  iust  out'  of  the  critical  possesses 
the  fines 十 jn'ain  size  and  upon  further  heat,inqr  these  e^raiiis 
prow  larp'e  and  coarse. 

Tlip  distal  lice  the  teinperature  shonld  he  carried  beyond 
"IP  n-itical  is  lamely  dependent  unoii  tlie  size  of  tlie  forp'inp-. 
A  for.o'inp'  of  small  cross  section  slioiild  be  cinen clied  peril aps 
imniedinfelv  iinon  thp  ro、ri"leHon  of  the  transformation,  while 
n  ]  ^ivg-e  for("'nff,  on  the  other  liand,  should  he  heated  to  a 
slichtlv  liip-her  teniperature.  This  demand  is  made  laro^ely  on 
aocoimt  of  thp  relative  raniditv  witli  whicli  a  small  for— ]g 
cools  as  coTiipnror]  to  n  large  one. 
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In  cooling  from  the  heating  temperature  such  mediums  as 
air,  oil,  water,  and  brine  are  employed.  Air  cools  much  slower 
than  water,  and  water  slower  than  brine.  It  is  very  desirable 
to  employ  different  rates  of  cooling  because  it  is  then  possible 
to  reguUte  the  physical  properties  in  the  forgiugs.  For  exam- 
ple, if  a  forging  is  to  be  employed  in  such  a  way  as  to  give  ease 
in  machining  it  would  be  cooled  very  slowly,  and  perhaps  in 
the  same  furnace  in  which  was  heated.  This  would  be  done, 
of  course,  at  the  sacrifice  of  strength.  And,  again,  if  it  were 
desired  that  the  forging  possess  strength  and  a  certain  amount 
of  rigidity  and  hardness,  it  would  be  cooled  more  quickly 
perhaps  in  oil  or  even  water. 

The  selection  of  cooling  mediums  in  the  heat  treatment  of 
forging  depends  upon  the  constituents  of  the  steel.  With 
straight  carbon  steels  the  lower  tlie  carbon  content  the  more 
rapidlv  the  metal  will  cool.  In  this  cla^s  of  steels  where  the 
carbon  is  below  0*15  water  may  be  used.  This  would  increase 
the  strength  and  yet  not  impair  the  elongation.  If  a  steel 
of  higher  carbon  content  is  quenched  in  water  the  elongation 
will  be  very  low,  necessitating  a  second  or  drawing  heat.  This 
reheating  is  absolutely  necessary  when  two  forgiugs  of  different 
size  and  of  medium  carbon  content  are  to  be  quenched,  if  the 
same  physical  properties  are  to  be  retained. 

With  forcriii^s  made  of  high  carbon  alloy  steel  there  is 
danger  of  crafkiiii^  in  water.  On  some  forgings  where  the 
adjoining;  cros^-seci  ions  abruptly  vary  in  size,  even  when  oil  is 
used  as  a  quench,  the  second  or  drawing  heat  must  be  carried 
out  almost  immediately  after  the  quenchiiijif  heat.  This  is  due 
to  the  <?reat  difference  in  the  rate  of  cooling  of  the  various 
cross-sections,  resulting  in  strains  which  eventually  produce 
cracks.  In  forgings  of  this  character  it  has  been  found  very 
beneficial  to  first  anneal  the  material  so.  as  to  facilitate  tlie 
machining  operations  which  remove  as  much  metal  as  is 
possible,  leaving  only  enough  for  light  cuts.  Where  possible, 
only  sufficient  stock  for  grinding  should  be  left.  This  would 
no  doubt  leave  the  forging  in  many  cases  with  more  Tiinform 
cross-sections,  making  a  more  tmiform  heat-treat nient  ]}ossihle. 
This  method  has  been  instrumental  in  increasing  the  streiie-th 
of  important  automobile  forgings  at  least  30  per  cent.  The 
advantae-e  has  not  ended  here,  for  the  cost  of  tools  and  their 
upkeep  has  been  considerably  reduced  on  account  of  the 
ductility  of  the  forging  in  its  rough  state  when  treated  in  this 
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Teniperatiiro  coMtroIIiiif^  devices.    II nil. 
I ntornal  c'onibiistioji  olivines.    Tl"'u"  lil".v 
I iitei'Dal  conihiistion  engine^s.    Kelly.    ！)! ,1  (). 
Two-stroke  cycle   internal  combust ('iii^incfs. 
Tool  holders.    Ani])orn.  10102. 
Valve  casings  for  intern al-c()ni]>usti()n  engines. 

Ges.  10410. 
Expanded  metal  iii<m'it"rtim'.    CI;i rk.    H)  184. 

Apparatus  for  ('oiitrolli the  carburettors  of  intcriial-conibnstion 

engines.    Arthur  Deacon  &  Son,  Ltd.,,  iuid  Berry.    1 1-502. 
Silencing  tlio  exliaust  and  utilising  the  waste   licat  of  iiitcrniil 

combustion  engines.    1 化 x()n.  11641. 
Apparatus  for  dote»rminiri^  the  ha I'dtu'ss  of 

and  Smith.  11980. 
Tools  for  cutting  metal  bars.    Aslitoti      1  liJ84. 
Carburetters  for  mternal-coinl)iistion  engines. 

121.34. 

Sand  moulding  machines.    Blakeborough  &  Boyd.    12401  - 
Carl)urottor.s  for  internal conibiistion  engines.    Br()、v"，  and 

and  liarlow,  Ltd.    12541 . 
Carbnrettors  for  internal  {'onibustioii  engines.    Ua nsoiii.  12795. 
Feed   ^ear   for  circular  sawing    injichiiios    f'oi-    ("ittin"  metal. 

Bennie.  13361. 
Automatic  hammers.    Jloden.  13451. 

Ignition  devices  for  internal-comb n .st ion  entwines.  Nielsen. 


Vickoi's,  Ltd., 


Merriam  &  Ymk. 


^l  achiiiery  employed  in  ' coating  metal  sheets  or  plates  with  tin, 

terne.  <»r  other  metal  or^alloy.    Jenkins.  14537. 
Pulleys.    Bullivant  &  Schenniily.  15598. 
Form  of  ntiiversal  joint.    Peiitoay.  'I(i43(). 

Means  fm'  indicating         level  of  licinids.    Doxtord,    16751.  - 
Vaporisers  of  intoriial-conibnstion  enjj;iues.    Clardiier.  16983. 
Tiirl)iiie  pumps,    llnfener  ^  Wiesengrund.  17283. 

1916. 

)I()t<)r  i"i、ver  plant.    Westingliouse  Machine  Company.  199. 
Pai-tiiifj:  marhines  for  cutting  off  lengths  from  bars,  billets,  and 

tubes.    Clifton  &  Baird,  Ltd.,  and  Clifton,  C.  H.  1788. 
"Valves  and  valve-gear  of  internal  combustion  engines.  Wilkinson, 

H.  ().  2734. 
Lathe  chncks.    Justice,  P.M.  3031. 

Transmission  gearing,  especially  for  automobiles.   Harriman,  G.  V. 
6913.  ' 

ELECTRICAL.  1914. 

Electric  incandescent  lamps.    Julius  Pintscli  Akt.-Ges.    17022  and 
17023.  ' 

1915. 

Wireless  telegraph  and  telephone  systems.    De  Forest.  6486. 
Electron  discharge  apparatus,  and  method  of  operating  the  same. 

British  Thomsoii-Honston  Company.  9690. 
Electric  heating  elements.    Dowsing  &  Huntley.  9828. 
Electrical  tj'aiisformers.    Harlow.  9921. 
Electric  joint.    Sclioles.  9964. 

Transmitters  for  wireless  telephony.     Marconi's  Wireless  Tele- 
graph Company,  and  Trost.  11831. 
Miners'  electric  lamps.    Bellamy.  13807. 
Electric  incandescent  lamps.    Hunter.  13943. 
Electric  stoves.    Crary.  14783. 

Electric  lamp  holders.    General  Accessories  Company.  15459. 


METAL  QUOTATIONS. 

TUESDAY,  JULY  25th. 

Aluminium  ingot    ―   per  cwt. 

,，         wire,  according  to  sizes,  &c  from  ―  " 

sheets  ,,    ―  " 

Antimony    £95/-/—  per  ton. 

Brass,  rolled     1/3|  per  lb. 

，，    tubes  (brazed)    1/4|  ，， 

，，        ，，    (solid  drawn)    1  /2J  ，， 

，，       ，，    wire    1/2  J  ，， 

Copper,  Standard      £97/-/-  per  ton. 

Iron,  Cleveland    82/6  ，， 

，， Scotch    ~  ，， 

Lead,  English   £29/-/—  ，， 

,， Foreign  (soft)   £27/15/- ，， 

Mica  (in  original  cases),  small   6d.  to  3/ -  per  lb. 

，，  ，，        ，，         medium    3/G  to  6/ -  ，， 

，，  ，，        ，，         large    7/6  to  14/— ，， 

Quicksilver    £17/12/6  per  bottle. 

Silver    29  j|d.  per  oz. 

Spelter  (American)   £50/-/—  per  ton. 

Tin,  block    £166/-/-  per  ton. 

Tin  plates,  I.C     28/-  per  box. 

Zinc  sheets    £72  per  ton. 


A  Sensitive  Magnetometer. 一 A  paper,  entitled  "A  Setiol- 
tive  Magnetometer/'  by  Dr.  1).  E.  Shaw  and  Mr.  C.  Haye 卜， 
was  read  at  a  recent  meeting  of  tlie  Physical  Society  of  Lon- 
don, by  the  former.  A  torsion  balance  of  extreme  delicacy 
carries  a  pair  of  purest  silver  balls,  each  3  gm.  weight.  A 
solenoid  with  horizontal  axis  passing  through  one  of  the  silver 
balls,  is  brought  close  to  the  balance.  On  exciting  the  sole- 
noid, divergent  fields  of  known  strength  are  obtained  in  tl'e 
region  of  the  ball.  The  resulting  attraction  of  the  ball  to 
1  he  solenoid  is  shown  by  a  mirror  reflecting  a  distant  scale  to 
a  telescope.  The  couple  on  the  torsion  beam  required  to 
piociuce  1  mm.  scale  deflection  is  4'5  by  10 一 ？  dyne  cm.,  and 
tliis  torsion  balance  is  10';  times  as  sensitive  as  any  known  to 
have  been  used  previously  in  this  kind  of  work.  The  results 
of  these  experiments  are :  (1)  The  magnetic  properties  of  the 
silver  are  ascertained  even  for  weak  fields  of  1 ― 10  gauss.  (2) 
The  silver  has  a  pronounced  retentivity :  this  effect  being 
presumably  due  to  the  small  trace  of  iron  impurity.  (3)  The 
relation  of  susceptibility  of  the  silver  to  the  field  used  is 
found.  The  susceptibility  of  each  of  the  constituent  materials 
(f/)  pure  silver,  (/'〉  residual  pure  iron,  appears  to  be  greatly 
modified  by  the  presence  of  the  other  material. 
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FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,    Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2) 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 


HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :   PONDERS   END,  MIDDLESEX. 


Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists 

The  "PERFECT  "  VISE 


&  SON, 


， YORKS. 


The  Practical  Metallography 
of  Iron  and  Steel. 

By  JOHN  S.  G.  PRIMROSE,  A.R  T.C..A1.M.M..M.1.M. 

Lecturer  on  Metallurgy,  and  demonstrator  on  Metallography  at  the 
Hoyal  Technical  College,  Glasgow. 


權 
<  、〜敏 


Price   38.  3d.  Post  Free. 


Ey^ry  Iron  and  Steel  Works  should  be  provided  with  a  nietallographic  laboratory 
[th  a  suitable  equipment  in  which,  by  Scientific  methods,  the  daily  working  may 
" controUed  and  improved,  and  that  this  may  be  efficient'  every  worker  should 
fawiiliar  with  the  principles  on  which  the  researches  are  based.  This  book  has 
prepared  for  the  use  of  those  who  are  commencing  the  study  of  metallography 
The  work  is  a  thoroughly  practical  one,  theoretical  considerations  being  made  as 
brief  as  possible.  The  contents  comprise  exhaustive  chapters  on  Microstructure 
2f  and  Steel  ；  Constitution  of  Iron  and  Steel ;  Heat  Treatment  of  Iron  and 

"ee!:  Micrographic  Examination  of  Failures  ;  Metallograpbic  Apparatus  and  its 
Manipulation. 


THE  SCIENTIFIC  PUBLISHING  COMPANY. 

53,  New  Bailey  Street, 


Vol.  38,  No.  P67 


Edited  by 
WILLIAM    H.  FOWLER, 

Wh.  Sc.,  M.Inst.C.E. 
Telegrams:  "Scientific,"  Alanche.sler. 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES- 


rmt(、d  Kingd(mi:  12/6  per  an  mini,  post  froe 
Cau;i(l;i  :    1 4 / (J  per  annum,  post  tree. 
Aii,y、vht'n、  Altroad  ; ― 

per  arm 画， post  freo.    Thin  papor  edition. 

*  ，    21/-*  ，，  "  Thick  ，， 

*  Foreign  Remittances  hy  International  Money  Order  only. 
Note.— Direct  annual  siil)scriptions   include   a   Free   Copy  of 
、vk",'s     Arechaiiical  Engineers'  Pocket  Book."  . 
Cheques  and  Postal  Orders  should  be  made  payable  to  the  ！ Scientific 

】）uWi-shi"g  C\)nii>a ny.  and  forwarded  to  our  Ma"chest*n'  Office 
'3-S.  New  Bailey  Street.  ， 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  ou  r  ]Vr;uK'ho:stei、  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Manch^stei 


Science  and  Industry. 

The  value  of  intimate  co-operation  between  the  laboratory 
and  the  workshop  has  long  been  urged  by  those  who  liave 
studied  tlie  conditions  which  make  for  efficiency  in  engineer- 
ing  industries  and  realise  the  importance  of  science    as  a 
weapon  in  international  competition.     It  is  easier,  however, 
to  point  out  defects  than  to  get  tliem  remedied.     Our  con- 
servatism is  proverbial,  and  a  strong  stimulus  always  seems 
necessary  to  rouse  British  energies  to  full  activity.    The  war 
！ ias  done  this  in  many  ways,  and  none  of  its  after-effects  on 
engineering  industry  will  be  more  conspicuous  or  beneficial 
than  the  exaltation  of  scientific  education  and  research  work. 
A  satisfactory  feature  of  this  is  tliat  steps  are  being  taken  to 
meet  our  needs  now  and  not  deferred  till  war  is  concluded 
aiul  a  niultihide  of  other  social  and  political  questions  will 
clamour  for  attention.     The  Consultative  Comnnttee  of  the 
Board  of  Education  has  already  issued  an  interim  report  con- 
taining a  number  of  valuable  suggestions  with  respect  to  the 
generous  it^sue  of  scliolarsliips  to  students  from  evening  classes 
and  work  schools  to  technical  colleges  and  universities,  to  en- 
courage tiiem  to  develop  their  personal  capacities  so  that  they 
may  serve  the  needs  of  the  nation  in  the  manner  for  which 
they  are  best  fitted,  industry,  agriculture,  and  commerce  being 
regarded  a.s  the  principal  need,  and  higher  education  as  a 
iiieaus  to  this  end.     The  activities  of  the  various,  technical 
societies  are  also  being  enlisted  in  various  ways,  and  we  are 
pleased  to  note  in  this  connection  the  action  that  has  been 
taken  by  the  North-east  Coast  Institution  of  Engineers  and 
Shipbuilders.  Research  work,  we  know,  is  of  special  importance 
m  engineering,  and  its  character  varies  widely  and  the  term 
does  not  apply  exclusively  to  that  which  is  conducted  by  the 
professional  staff  of  a  technical  college.    In  progressive  works 
investigations  of  this  kind  are  always  being  conducted  more 
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or  less.  Development  in  fact  is  almost  impossible  without  it. 
There  are,  liowever,  many  questions  in  engineering  on  which 
competent  and  itnpa rtial  outside  investigation,  wlien  it  can 
be  secured,  i.s  of  great  advantage,  and  tlie  North-east  Coast 
Institution  has  recently  made  a  good  start  with  its  Research 
Committee  by  acceding  to  the  request  of  a  well-known  firm 
in  the  north  to  investigate  and  carry  out.  exhaustive  tests  of 
apparatus  having  for  its  object  tlie  more  economical  produc- 
tion of  power  by  marine  steam  engines.  By  its  action  it  will 
be  the  first  of  the  influential  technical  institutions  actively  to 
promote  the  progress  of  the  industries  with  which  its  members 
are  associated  by  officially  making  and  recording  tests  of  new 
apparatus  developed  by  them.  In  the  introduction  and  deve- 
lopment of  improved  apparatus  nuich  depends  on  an  authori- 
tative proiiouncenieut  concerning  the  results  claimed,  and 
this  can  best  be  secured  through  the  verdict  of  independent 
bodies  who  are  not  influenced  by  commercial  considerations. 
Such  findings  would  be  at  the  disposal  of  all,  a  spirit  of  indus- 
trial co-operation  would  be  engendered  that  would  not  only 
be  to  the  advantage  of  the  industry  immediately  concerned, 
but  for  the  good  of  llie  nation  as  a  whole.  The  data  accumu- 
lated would  represent  the  collective  knowledge  of  each  indus- 
try, and  its  publication  would  prevent  much  overlapping  of 
experimental  work  that  probably  now  prevails  and  often 
involves  unnecessary  and  heavy  expenditure.  Again,  experi- 
ments which  do  not  appear  to  promise  any  definite  result  are 
often  broken  off  before  an  ultimate  conclusion  is  reached,  and 
probably  in  some  cases  new  discoveries  are  missed  by  us  and 
rediscovered  later  by  our  competitors  abroad.  The  necessity 
for  the  establishment  of  some  measure  of  ordered  and  systema- 
tic research  has  recently  been  recognised  by  the  manufacturers 
in  certain  trades.  Previous  to  the  war  both  the  Institution 
of  Mechanical  Engineers  and  the  Institution  of  Electrical 
Engineers  gave  oflicial  recognition  to  the  value  of  research 
organisation  by  appointing  research  committees.  It  was  not, 
however,  until  war  had  broken  out  and  we  had  unpleasant 
proofs  of  the  dependence  upon  foreign  research  of  many  of 
our  industries ― tlie  chemical  industry,  for  example —— that  defi- 
nite action  was  taken  to  meet  tlie  demand  for  closer  co-opera- 
tion between  science  and  manufacture.  A  notable  sequel  was 
the  appointiiieiit  by  the  Government,  in  July,  1915，  of  a 
Scientific  and  Industrial  Research  Committee.  Little  is  as 
yet  known  of  the  actual  work  carried  out  during  the  year  by 
this  committee.  It  may  be  that  the  work  will  prove  of 
national  value,  but  the  existence  of  such  a  committee  by  no 
means  closes  the  door  to  research  work  such  as  that,  which  has 
been  so  promi^^ingly  begun  by  the  North-east  Coast  Institution 
of  Engineers  and  Shipbuilders. 


APPARATUS  FOR  DETERMINING  HARDNESS  OF  METALS. 

The  accompanyin (；  illustrations  show  a  simple  design  of  appa- 
ratus for  determining  the  hardness  of  metals,  tlie  invention 
of,  Messrs.  Vickers,  Ltd.,  Vickers  House,  Broadway,  West- 
minster, London,  and  Mr.  Robert  L.  Smith.  Fig.  1  is  a 
sectional  elevation  of  the  holder  with  a  standard  bar  adjus- 
tably retained  therein.  Fig.  2  is  an  end  view  on  an  enlarged 
scale  of  the  holder  with  the  standard  bar  and  resilient  member 
in  place,  and  Fig.  3  is  a  section  with  1  he  bar  and  resilient 
member  removed.  Fig.  4  is  a  perspective  view  on  an  enlarged 
scale  of  tlie  resilient  member.  B  is  tlie  steel  ball  supported 
in  the  lower  part  of  the  holder  A.  C  is  the  opening  in  the 
holder  for  the  reception  of  a  standard  bar  G.  D  is  the  resilient 
member  having  the  aperture  E  and  tongues  H  and  J.  The 
tongues  H  engage  ledges  or  recesses  K  on  tlie  holder  and 
retain  Ilie  inern ber  in  position  and  tlie  tongue  J  whk'h  is  up- 


turned serves  as  a  pointer.  P  is  the  part  of  the  holder  which 
acts  as  an  anvil. 

To  obtain  the  approximate  hardness  of  an  article  under 
examination,  the  ball  holder  A  is  slid  on  to  one  of  the  bars  G 
possessing  the  same  degree  of  hardness  as  that  which  the 
article  under  examination  should  possess.  The  bar  G  is  then 
held  by  its  end  so  that  the  ball  rests  on  tlie  article  with  the 
axis  of  the  holder  perpendicular  thereto,  and  the  anvil  F  of 
the  ball  holder  is  given  a  slight  blow  with  a  hammer  ；  the 
holder  is  then  slid  along  the  bar  so  as  to  expose  tlie  impression 
or  indentation  made  on  the  standard  bar,  and  this  impression 
is  compared  with  that  which  was  simultaneously  made  on  the 
article  by  the  same  blow  of  the  hammer.  If  the  two  impres- 
sions are  the  same  in  size,  tlie  hardness  of  the  article  under 
examination  is  the  same  as  that  of  the  standard  bar.  If, 
however,  tliere  is  any  appreciable  difference  in  the  size  of  the 
two  impressions,  the  operation  is  repeated  witli  a  harder  or 
softer  standard  bar  until  equal  impressions  are  obtained  with 
the  same  blow,  the  figures  at  the  end  of  the  standard  bar  then 
giving  tlie  degree  of  hardness  possessed  by  the  article  under 
examination.  The  method  of  using  tlie  pointer  J  is  to  slide 
the  】ioldei'  A  up  to  near  tlie  end  of  the  bar,  so  that  the  pointer 
is  at  or  adjacent  the  extreme  end  thereof.  The  holder  is  then 
in  position  for  taking  tlie  first  test.  After  each  successive 
test  the  holder  is  moved  down  the  bar  until  the  pointer  regis- 
ters with  the  inner  edge  of  the  impression  that  was  last  taken. 
In  this  way  llie  pointer  always  indicates  the  last  impression 
and  any  danger  of  the  impressions  overlapping  is  prevented. 


D 

' ■ 

FIG.  1.  H 

FIG.  4. 
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FIG,  2. 

Apparatus  fob  Determining  Hardness  of  Metals. 

If  desired  the  ball  holder  may  be  made  sufficiently  heavy  to 
act  as  a  lianinier,  or  an  additional  weight  may  be  placed  upon 
the  anvil  ho  tliat  the  holder  may  itself  serve  to  give  the  blow 
without  the  aid  of  a  hammer.  The  ball  is  retained  in  the 
holder  by  slightly  "  bruising  "  or  "centre  popping  "  the 
annular  surface  with  which  it  is  in  contact. 

The  chief  utility  of  the  tool,  however,  will  not  be  so  much 
in  ascertaining  the  particular  degree  of  hardness  of  an  article 
as  ill  obtaining  very  promptly  and  reliably  information  as  to 
whetlier  the  article  under  examination  comes  within  certain 
required  limits  of  hardness,  this  information  being  what  tlie 
manufacturer  really  requires.  For  example,  supposing  a 
certain  batch  of  hardened  and  tempered  steel  articles  should 
be  specified  to  have  a  resulting  hardness  not  below  400°  and 
not  above  500°.  To  ascertain  wlieilier  the  articles  come  within 
this  degree  of  hardness  it  is  necessary  to  make  the  aforesaid 
hammer  test  with  a  standard  bar  of  400。.  The  articles  that 
show  by  the  impressions  resulting  from  the  test  that  they  are 
softer  than  this  standard  may  be  returned  for  rehardening 
or  altogether  rejected,  and  the  articles  which  have  impressions 
showing  that  they  are  only  slightly  softer  than  the  standard 
may  be  passed  as  satisfactory.  To  ascertain  if  the  articles 
passed  as  satisfactory  come  within  tlie  higher  limit  of  500° 
they  are  subjected  to  the  hammer  test  with  a  500°  standard 
bar  and  are  passed  or  rejected  as  inspection  of  tlie  impressions 
may  decide. 
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SUPERHEATER  LOCOMOTIVES.* 

On  January  1st,  li)U;，  tlioro  wore  if), (UK;  suptM'lioatiM-  locomo- 
tives in  service  in  the  Uiiitod  States  and  Canada,  practically 
all  of  the  lire-tube  type,  as  follows  : ― 

Superheaters  applied  at  time  of  construc- 
tion of  locomotive    9,900 

Su]HM"hoaters     applitnl     to  locomotives 

alroiulv  ill  sorvice    5,7GG 

15,666 

With  the  exception  of  one  promineni  railroad,  very  few 
locomotives,  originally  equipped  with  slide  valves,  have  been 
changed  to  piston  valve  and  had  superheaters  applied.  With 
the  exception  of  14*J  Mallet  locomotives,  oqiupped  with  super- 
heaters, having  slide  valves  on  the  low-pressure  cylinders,  very 
few  superheater  locomotives  are  equipped  with  slide  valves. 
The  railroad  on  which  these  Mallet  locomotives  are  operating 
iS  experimenting  with  a  view  of  applying  piston  valves. 
Therefore,  the  committee  does  not  feel  this  subject  can  bo 
thoroughly  discussed  at  this  time. 

Of  the  railroads  reporting,  99  per  cent,  of  tlie  superheater 
locomotives  were  equipped  with  brick  arches.  The  use  of 
brick  arches  is  specially  recommended  on  superheater  locomo- 
tives, where  practicable,  as  it  causes  】nore  perfect  combustion, 
better  distribution  of  l^ci^t  in  the  firebox,  protects  the  flues 
aud  sheets  and  effects  a  reduction  in  smoke  and  sparks  and 
cinders  in  flues  and  front  end.  In  extreme  bad  water  districts 
the  application  of  arches  should  be  determined  by  local  con- 
ditions. 

There  is  a  decided  difference  of  opinion  as  to  the  advis- 
ability of  equipping  switching  locomotives  with  superheaters, 
as  follows :  Some  railroads  maintain  the  same  relative 
economies  are  effected  through  superheating  switching  loco- 
motives as  are  obtained  by  superheating  road  locomotives. 
Other  railroads  will  not  give  consideration  to  superheating 
switching  locomotives  until  all  available  road  locomotive、s  have 
been  equipped,  owing  to  the  greater  returns  to  be  obtained. 
The  committee  commends  the  application  of  superheaters  to 
switching  locomotives,  but  considers  their  application  to  road 
locomotives  as  being  generally  of  greater  importance. 

It  is  felt  no  set  rule  can  be  formulated  covering  the  appli- 
cation of  superheaters  to  existing  locomotives,  as  age,  general 
condition,  capacity,  and  further  service  to  be  secured  must 
govern.  Several  railroads  reported  having  superheated  loco- 
motives 10  to  15  years  old. 

The  return  tube,  top  header,  double  loop  superheater  is  the 
type  most  generally  used.  In  view  of  the  many  complete 
reports  which  have  already  been  rendered  on  tests  covering 
the  economies  effected  through  the  application  of  superheater, 
and  superheater  and  brick  arch,  the  committee  did  not  believe 
it  necessary  to  publish  further  data  in  this  report.  However, 
on  a  conservative  basis,  it  is  felt  that  an  economy  of  15  to 
25  per  cent,  in  fuel  and  20  to  30  per  cent,  in  water  consump- 
tion can  be  expected  in  e very-day  operation  through  use  of  the 
superheater  and  brick  arch.  Numerous  tests  have  shown 
greater  economies.  On  a  number  of  railroads  the  application 
of  superheaters  has  reduced  the  time  of  freight  trains  on  the 
road  10  to  15  per  cent,  and  eliminated  one  stop  for  coal  and 
two  stops  for  water  over  one  freight  engine  division. 

It  is  generally  felt  by  all,  and  proved  by  some  careful  com- 
parative tests,  that  the  cost  of  repairs  (niainteiiance  of  equip- 
ment) is  greater  for  locomotives  equipped  with  the  superheater 
and  brick  arch.  However,  for  the  railroad  as  a  whole,  the 
reductions  effected  in  the  cost  of  coal  and  water  and  the 
increased  general  efficiency  (conducting  transportation),  offset 
this  many  times  over. 

As  a  general  proposition,  no  changes  are  necessary  in  the 
front  end  arrangement,  due  to  the  application  of  superheater, 
aside  from  those  made  on  account  of  superheater  elements, 
header,  and  damper.  Replies  received  indicate  no  great  varia- 
tion in  the  size  of  exhaust  nozzle  tip  between  saturated  and 
superheated  locomotives  of  the  same  general  characteristics. 

The  committee  stated  that  the.  best'  results  will  he.  obtained 
in  operating  superheater  locomotives  by  carrying  about  two 
gauges  of  water,  with  full  throttle  on  short  cut- o(Ts，  so  far  as 

*  Rei'orfc  of  a  connnitlee  presented  at  the  Juno,  1916,  couvcntion  of  the  Aiauriuau 
Railway  Master  Mechanics'  Association. 


()[)oi'al  iii^^  condit  ions  will  pr-i-inil .  Tlic  ("i""m'tirs  should  a  Iso 
be  required  to  crack  the  Ih rut  He  when  th'in"i"'. 

The  committee  s  investigation  <Jevelop<;il  thai  the  iriajorily 
of  superheater  locomotives  ai'e'  equipped  with  hydrostatic 
lubricators  without  booster,  although  a  considerable  mini))er  of 
railroads  a  re  using  the  hydrostatic  lul)ricalor  wit  li  the.  booster 
iiitachiiKMit .  The  booster  is  of  value  it,  the  hydrosial ic  lubri- 
cator has  a  restricted  e(]ualisiiig  passage.  If  the  hyclrosi alio 
lubricator  is  designed  with  the  j)roj)er  size  ecjualising  passage, 
t  he  l)ooster  attachnient-  is  unnecessary,  as  its  principal  fuiiclioii 
is  to  coin])e!isate  for  the  restricting  equalising  jmssage.  The 
use  of  the  force -feed  lubricator  is  very  limited,  }>ut  a  number  of 
railroads  are  experiment ing  with  this  type  at  the  present  lime. 
The  use  of  an  iiidepeMulcMit  feed  for  lu])ricatitig  the  cylinders  is 
limited.  It  is  the  opinion  of  your  connnittee  that  this  is 
unnecessary  and  should  l>e  discontinued,  as  it  is  very  question- 
able if  any  benefits  are  being  derived  therefrom. 

The  majority  of  railroads  are'  now  using  a  superheat  oil  for 
the  lubrication  of  su])erlieater  locomotives,  stating  that  it  does 
not  carbonise  and  better  results  are  obtained.  It  generally  has 
been  necessary  to  increase  the  valve  oil  allowance  20  to  25  per 
cent,  for  the  superheater  locomotives  over  the  allowance  for 
saturated  locomotives  of  similar  type  and  size.  However,  this 
does  not  apply  in  the  same  proportions  to  bad  water  districts, 
where  superheat iug  has  reduced  the  foaming  and  eliminated 
water  being  carried  over  into  the  cylinder,  in  which  cases  no 
increase  in  oil  allowance  has  been  necessary.  Various  methods 
have  been  tried  for  the  use  of  graphite  on  superheater  locomo- 
tives, but  the  replies  received  indicate  the  majority  are  not 
using  graphite  for  lubricating  superheater  locomotives. 

Trouble  has  been  experienced  with  carbonisation  of  oil  in 
valve  spools  and  piston"  heads,  and  to  a  lesser  degree  in  the  air 
pumps.  Ill  the  valve  spools  and  piston  heads  this  has  been 
remedied  by  decreasing  the  amount  of  oxygen  drawn  into  the 
cylitider  by  drifting  with  a  partially  open  throttle  or  drifting 
valve.  The  use  of  superheat  oil  will  also  decrease  the  trouble. 
The  application  of  superheaters  to  locomotives  equipped  with 
slide  valves  has  been  so  limited,  the  committee  does  not  feel 
warranted  in  discussing  the  system  of  lubrication  for  that  type 
of  locomotive  at  this  time. 

Vacuum  relief  valves  are  generally  used,  although  there  is 
some  question  as  to  what  benefit,  if  any,  results.  The  majority 
of  replies  to  the  committee's  enquiry  received  indicated  that 
the  by -pass  valve  is  not  in  general  use  on  superheater  loco- 
motives. These  have  only  been  advocated  for  large-cyliiidered 
locomotives,  to  take  care  of  the  high  compression  in  the 
cylinders. 

A  nuinber  of  railroads  are  now  using,  and  others  are  experi- 
menting with,  drifting  valves,  either  manually  or  automatically 
oj)er;ited.  When  drifting  is  done  with  the  throttle  valve, 
Oil  superheated  locomotivej^,  superheated  steam  is  used. 
When  drifting  valve  is  used,  either  manually  or  auto- 
matically operated,  saturated  steam  is  used.  Generally, 
no  distinction  is  made  as  to  size  of  drifting  valve  or  steam 
connections  between  large  and  small  locomotives  in  passenger 
and  freight  service,  and  for  the  sake  of  standardisation  such 
practice  is  desirable.  When  locomotives  are  not  equipped  with 
by -pass,  automatic  or  manually  operated  drifting  valve,  or 
other  drifting  valve  in  the  cab,  the  throttle  should  be  cracked 
while  drifting  a  sufficient  amount  to  prevent  the  admission  of 
air.     This  will  decrease  carbonisation. 

Very  little  experinientino-  has  been  done  in  the  application 
of  pyrometers  to  locomotives,  outside  of  special  tests,  but'  the 
coniniittee  believes  it  is  desirable  to  make  tests  from  time  to 
time  to  ascertain  the  degree  of  efficiency  being  obtained.  In 
view  of  the  initial  cost,  it  is  felt  that  portable  instruments 
would  answer  the  requirements,  a  certain  number  for  each 
division,  to  be  transferred  from  one  locomotive  to  another. 
The  pyrometers  should  be  adjusted  at  regular  intervals,  in 
order  to  obtain  accurate  readings. 

Some  difficulty  has  been  experienced  due  to  sujierheater 
headers  cracking,  units  leaking,  and  packing  melting.  As  a 
general  proposition,  however,  the  trouble  has  not,  been  serious 
from  these  sources.  There  are  no  comparable  data  available 
as  regards  engine  failures  as  between  superheated  and 
saturated  locomotives.  Better  design  or  foundry  practice  is 
recoinineiided  as  a  reinedy  for  the'  trouble  with  the  headers 
and  better  worktnaiiship  for  the'  units.  The  standard  set  of 
tools  as  recommended  by  the  superheater  manufacturers  is 
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recommended  for  adoption  as  standard  for  the  care  and 
niaintenaiice  ot  superheaters. 

A  number  of  railroads  are  welding  all  flues  in  the  back  flue 
sheet  successfully,  the  welding  being  done  with  the  ordinary 
tvp€s  of  Aveldino;  equipment  - 

With  the  exception  of  one  prominent  railroad,  all  railroads 
reporting  are  using  superheater  clampers  in  the  front  end  satis- 
factorily. 

The  investigation  develops  that  a  number  of  railroads  have 
had  more  cracked  cylinders  and  saddles  with  superheater  loco- 
motives. They  have  now  adopted  outside  steam  pipes,  which 
involved  change  in  design  of  cylinders,  on  superheater  loco- 
motives. 


ELECTRICALLY-OPERATED  FLOW  METER. 

A  NEW  design  of  flow  meter  for  water,  air，  steam,  and  gas  has 
recently  been  introduced  by  the  Republic  Flow  Meters  Com- 
pany, 565，  Washington  Boulevard,  Chicago.  The  meter  is 
shown  in  the  accompanying  cut,  for  which  we  are  indebted  to 
" Engineering  News.  '  It  comprises  a  pilot  tube  and  a 
differential  pressure  gauge,  both  of  special  construction.  The 
pilot  tube  comprises  two  tubes  going  entirely  across  the  flow 
pipe,  the  static-  and  dynamic-pressure  openings  being  two 
lines  of  small  holes  at  the  midpoints  of  equal  annular  areas, 
by  which  it  is  reported  a  true  average  velocity  pressure  is 
obtained  directly.  The  lines  of  holes  are  180°  apart.  The 
differential  pressure  gauge  is  a  casting  with  two  reservoirs, 
one  above  the  other  and  connected  by  a  vertical  shaft.  Tlii? 
arrangement  takes  the  place  of  the  usual  U-tube.  In  the 
lower  reservoir  is  mercury.    Above  this  is  water,  and  on  top 
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of  all  is  oil.  As  shown  in  the  sketch,  in  the  reservoir  well  is  a 
steel  tube  supporting  a  series  of  resistance  spools  and  depen- 
dent contact  rods.  There  is  a  constant-voltage  (40  volts)  alter- 
nating-current circuit  flowing  from  a  special  transformer 
through  the  resistance  and  mercury  to  the  pipe  connections, 
and  thence  to  indicating  and  recording  instruments.  As 
velocity  and  impact  pressure  rises,  mercury  is  forced  from 
the  lower  reservoir  up  the  contact-rod  well,  short-circuiting 
more  and  more  of  the  resistance,  and  displacing  oil  (which  in 
the  tube  well  rests  on  the  mercury).  The  resistance  units 
are  so  proportioned  that  the  current  is  kept  proportioned  to 
the  square  root  of  height  of  mercury  column,  and  so  to  the 
pipe  velocity. 


PAINTING  BY  DIPPING,  SPRAYING,  AND  OTHER 
MECHANICAL  MEANS, 

BY  ARTHUR  SEYMOUR  JENNINGS.  F.I.B.D. 

It  may  safely  be  taken  as  a  fact  beyond  doubt  that  the  appli- 
cation of  paint,  japan,  enamel,  and  varnish  by  mechanical 
means,  in  contradistinction  to  the  old-fashioned  method  of 
using  brushes,  effects  an  enormous  saving  of  time,  and  to  some 
extent  of  material  also.  It  should  also  be  recognised  that 
the  result  from  the  point  of  view  of  both  durability  and 
appearance  is  a  distinct  improvement  on  the  older  method. 
Ill  the  United  States  of  America  dipping,  paint-spraying,  and 
the  application  of  paints  and  varnishes  by  other  mechanical 
means  are  employed  almost  universally  in  the  industries,  and 
in  this  country  such  methods  have  been  successfully  used  in 
certain  factories  for  many  years  past.  Of  late  there  has  been 
a  remarkable  increase  in  this  direction  in  the  United  King- 
dom, although  there  are  not  a  few  manufacturers  who  still 
seem  slow  to  adopt  modern  methods. 

It  is  remarkable  to  note  that  a  great  number  of  firms 
wlio  have  given  some  consideration  to  the  subject  are  inclined 
to  the  idea  that  while  paint  or  its  equivalent  may  be  success- 
fully applied  by  mechanical  means  in  other  industries  than 
their  own,  it  is  not  suitable  for  the  particular  one  in  which 
they  are  engaged.  Closer  examination,  however,  proves  that 
there  are  very  few  trades  indeed  using  paint  in  which  the  pro- 
cesses may  not  be  successfully  employed,  and  it  may  surprise 
some  of  those  present  to  learn  that  in  at  least  250  different 
industries  clipping  or  spraying  may  be  successfully  and  econo- 
mically employed.  A  few  of  these  may  be  mentioned  in  order 
to  indicate  the  diversity  of  the  articles  dealt  with.  Paint  is 
applied  by  dipping  to  agricultural  implements  on  a  very  large 
scale,  to  casements,  bedsteads,  piano  cases,  barrows,  reaping 
machines,  cans,  and  a  great  many  other  articles.  By  spray- 
ing, paint,  varnish,  japan,  and  various  other  protective  liquids 
are  applied  to  shells  and  to  confectionery,  to  celluloid  buttons 
and  to  】notor-cai's，  to  bird-cages  and  to  dynamos,  but  the  list 
could  be  extended  almost,  indefinitely. 

In  my  investigation  of  the  subject  I  have  come  across  a 
few  firms  who  have  tried  one  or  other  of  the  methods  men- 
tioned, but  have  abandoned  them  on  the  ground  that  the 
result  has  not  been  satisfactory ― never,  be  it  remarked, 
because  they  were  found  to  be  too  expensive.  Investigation 
has  proved  that  such  cases  of  failure  have  arisen  either 
because  a  suitable  apparatus  was  not  chosen  for  the  particular 
work  in  hand  or  the  riglit  sort  of  paint  or  japan  was  not  used. 
The  last  cause  of  failure  is  the  most  frequent,  as,  for  instance, 
a  case  placed  before  me  some  time  since,  in  which  small  iron 
castings  were  painted  by  dipping  but  were  found  to  stick 
together  and  not  dry  properly.  Here  the  japan  used  was  not 
suitable  for  the  purpose,  and  it  will  be  readily  seen  that  paint 
or  japan  which  might  answer  well  if  applied  by  means  of  a 
brush  would  not  be  suitable  for  application  by  dipping. 

Without  going  at  this  stage  into  the  question  of  other 
failures,  it  may  be  remarked  that  an  idea  prevails  that  the 
cost  of  plant  necessary  for  carrying  out  these  processes  is  pro- 
hibitive. This  is  altogether  a  mistake.  A  spraying  machine 
with  the  necessary  plant  could  be  purchased  for  £30  or  <£50， 
although  a  large  plant  would,  of  course,  cost  very  much  more. 
The  same  is  true  in  the  case  of  dipping.  If  the  articles  to 
be  painted  are  very  large  and  very  elaborate,  the  plant  will 
obviously  be  somewhat  expensive.  For  many  purposes  the 
tanks,  hoists,  &c.,  may  be  of  a  very  simple  character,  as,  for 
example,  iron  and  steel  sashes  which  are  dipped  into  a 
narrow  tank  containing  paint  would  require  only  a  simple 
form  of  hoist  with  hanging  rails  and  metal  dripping  floor 
adjoining  the  tank  ；  or,  simpler  still,  a  mere  box-like  tank, 
ill  which  tapered  varnish  and  paint  cans  are  dipped  by  hand,  a 
piece  of  wood  being  inserted  in  the  neck  by  which  to  lift 
tliem  in  and  out.  The  cost  of  such  a  plant,  need  only  amount 
to  a  few  shillings. 

It  will  be  convenient  now  to  divide  the  subject  up  under 
various  heads,  viz"  {a)  painting  by  immersion  :  (/>)  by  spray- 
ing by  means  of  <■(— impressed  air  ;  and  (r)  other  mechanical 

means.   

•  Paper  read  before  the  Boyal  Society  of  Arts,  April  5tb,  3936. 
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Takin"'  thoso  in  or(lt、r,  a  dipping  plaul  usually  consists  of 
a  tank  (|>i'd't、ral>ly  metal  liiuul)  which  contaiiis  t  ho  ]>iii!it  or 
varnish  into  which  the  article  to  be  pajnted  is  plunged  bodily. 
Clearly  it  must  be  of  suHicicMit  size  to  hold  easily  the  articlo 
to  be  dipped.  In  the  case  of  agrinilt ural  machinery,  faiiii 
and  military  wagons,  &c.，  the  size  and  depth  have,  to  be  co?i- 
siderable,  and  in  this  case,  as  a  rule,  an  agitating  apparatus 
at  the  bottom  is  desirable.  One  form  consists  of  a  shaft 
j)assing  from  end  to  end  at  the  bottom  of  the  tank,  and  pro- 
vided with  a  paddle,  while  over  it  is  provided  a  metal  frame 
wliich  may  be  roughly  described  as  a  horizontal  Venetian 
blind,  the  slats  of  which  may  be  turned  vertical  when  the 
agitating  apparatus  is  working.  This  fitting  is  provided  with 
the  object  of  preventing  the  paddles  being  ('logged  by  tlie 
settling  paint,  but  it  also  serves  to  catch  any  pieces  of  wood, 
nails,  &c.，  wliioh  may  accidentally  find  their  way  in.  As  a 
matter  of  fact,  a  good  dipping  plant  does  not  settle  out  to 
any  extent,  and  it  is  sufficient  if  the  agitating  apparatus  is 
operated  each  day  for  20  minutes  or  so  before  starting  work, 
and  for  a  somewhat  longer  period  on  Monday  morning. 

Another  form  of  agitating  apparatus  is  provided  with  a 
worm  for  agitation  instead  of  a  series  of  paddles. 

As  already  indicated,  for  dipping  such  articles  as  iron 
sashes  a  very  narrow  but  deep  tank  suffices,  and,  in  this  case, 
as  in  inany  others,  the  agitating  mechanism  may  be  wholly 
dispensed  with,  because  it  must  be  remembered  that  the  mere 
fact  of  plunging  an  article  into  the  paint  and  immediately 
withdrawing  it  has  the  effect  in  itself  of  stirring  up  the  paint. 

Iron  bedsteads  are  coated  nowadays  almost  invariably  with 
paint  or  japan  by  plunging  the  parts  into  japaii, 
and  these  are  afterwards  stoved  or  baked.  Iron 
frames  of  mangles  and  many  other  similar  parts  are  also 
painted  by  dipping.  Perhaps  no  better  illustration  could  be 
given  of  the  】iigh  degree  of  finish  obtainable  by  dipping  than 
the  fact  tliat  piano  cases  may  be  finished  by  the  method,  the 
parts  being  lowered  bodily  into  the  varnish  tank.  Time  will 
not  permit  me  to  give  the  details  of  the  process,  but  I  may 
state  quite  definitely  that  the  finish  is  quite  as  good  as  that 
obtained  by  the  use  of  brushes,  and  that  the  extra  amount  of 
varnish  required  is  only  about  5  per  cent.  I  would  very  em- 
phatically state  that  if  the  very  fine  finish  which  is  necessary 
for  piano?  can  be  obtainable  by  dipping  there  can  be  no  paint, 
varnish,  or  japan  finish  too  difficult  to  obtain  by  the  method. 
Ill  effect,  it  simply  means  a  careful  study  of  the  requirements 
for  the  particular  work  in  hand. 

Adjoining  the  tank  must  always  be  an  inclined  metal-lined 
floor,  over  which  the  articles  can  be  held  to  drip  for  a  few 
minutes,  and  this  floor  should  be  connected  with  a  trough 
leading  to  an  underground  tank  to  liold  the  superfluous  paint, 
whicli  should  pass  through  a  grating  and  may  be  pumped  into 
the  main  dipping  tank  as  required,  or,  if  desired,  the  arrange- 
ment may  be  such  that  the  superfluous  paint  drains  directly 
into  the  dipping  la 21k. 

Just  as  the  size  of  the  tank  will  vary  with  the  dimensions 
of  the  object  to  bo  dipped,  so  will  the  type  of  hoist  employed 
differ  according  to  circumstances.  I  have  seen  a  rope  over  a 
pulley  used  for  very  simple  work,  such  as  bedsteads,  but  as 
a  rule  a  pneumatic  or  electric  hoist  is  the  cheapest  in  the  end, 
particularly  it  it  is  worked  in  connection  with  a  trolley, 
because  it  must  be  remembered  that  it  will  be  necessary  to 
provide  a  more  or  less  elaborate  system  of  overhead  rails  on 
which  the  articles  can  be  hiuig  to  dry  after  dipping. 

As  a  rule,  the  paints  employed  are  sufficiently  hard  to 
receive  a  second  coat  within,  say,  four  lioii rs  ：  and  the  system 
adopted  at  Woolwich  Arsenal  is  a  very  good  one,  which  may 
be  confidently  recommended.  Two  tanks  are  provided,  one  at 
each  end  of  a  very  long  room  with  rails  between.  The  wagons 
are  dipped  at  one  end,  proceed  very  slowly  towards  the  otlier 
end  of  the  room,  where  they  are  sufficiently  dry  to  receive  a 
second  coat,  and  on  turning  receive  a  third  coat  at  the  first 
tank. 

I  sliould  like  to  emphasize  the  importance  of  a  careful 
consideration  being  given  to  the  question  of  the  overhead  rails, 
as  [  liiid  from  my  inspection  of  a  large  luunber  of  factories 
that  many  of  them  are  quite  deficient  in  this  respect.  As  in 
all  details  of  engineering  works,  a  saving  of  labour  is  essential 


(o  economy,  and  it  is  well  io  have  t  lie  rails  so  arranged  t  liai 
\  lie  work  passes  from  the  rinisliin^  looiii  to  tlio  tank  or  tanks, 
and  thence  to  the  storage  or  sliippiii^  depart  rneiil .  1 1  I  his 
is  clone  on  a  welM lioii^lit'oui  basis  great'  speed  can  Im'  cllVrt 

1 1  will  hv  undo rstooci  1  lial  the  article  beiii^  painted  remains 
in  t  ho  painl  only  a  few  seconds,  t  iial  it  is  t  lieii  si  at  ioiied  over 
t lie  dripping  iloor  for  perhaps  five  minutes,  and  t lieii  proceeds 
along  the  rails  t  or  I'lirther  t  real  rnent  uiilil  it  is  finished.  The 
question  will  at  once  occur  whether  this  method  does  not  pro- 
duce drips,  or  what  painters  call  "  fat  edges."  The  answer 
is,  that  if  tliiy  occurs  the  paint  is  not  properly  made  for  the 
purpose.  As  a  matter  of  precaution,  one  painter  usually 
stands  by  each  article  as  it  is  suspended  over  the  dripping 
floor,  and  with  a  brush  removes  any  small  drips  or  fat  edges 
which  may  occur.  This  labour,  however,  is  very  slight.  Some- 
times it  is  desired  to  put  on  a  difTerent-coloured  finish  to  the 
work  than  that  which  is  put  on  the  undercoats  ；  it  is  clear 
that  this  may  be  effected  by  using  a  different  tank. 

Before  proceeding  to  describe  paint-spraying  or  painiiug 
by  means  of  compressed  air,  it  may  be  convenient  to  compare 
the  method  with  that  of  dipping.  Without  dwelling  at  any 
length  on  the  subject,  which  is  of  a  somewhat  controversial 
cliaracter,  it  can  be  stated  briefly  that  in  arriving  at  a  deci- 
sion as  to  i  lie  respective  merits  of  the  two  processes  one  can 
only  be  guided  by  the  shape  and  size  of  the  particular  article 
which  is  to  be  painted.  A  reaping  machine,  for  instance,  is 
of  so  intricate  a  character  thai  plunging  it  bodily  into  the 
tank  is  certainly  preferable  to  spraying  ；  on  the  other  hand, 
there  are  many  articles  where  spraying  produces  far  better 
results  than  the  dipping  process.  Sometimes  both  methods 
are  used  in  conjunction  ；  for  example,  the  first  or  priming 
coat  can  be  given  by  dipping  and  the  final  coat  of  varnish 
sprayed  on.  Again,  spraying  can  be  used  in  cases  where  the 
whole  article  is  not  required  to  be  painted,  as,  for  instance, 
the  body  of  an  automobile,  which  if  plunged  would  re-ceive 
paiiit.  on  tlie  inside  as  well  as  the  outside,  which  is  not  desired. 
A  better  way  would  bo  to  spray  over  the  whole  of  the  outside 
surface,  although  this  method,  as  I  shall  explain  later,  has 
to  some  extent  been  superseded. 

There  are  about  a  dozen  different  makes  of  paint  sprayers 
oil  the  market.  It  is  hardly  within  my  province  to  recommend 
any  one  of  these  as  being  superior  to  the  rest,  but  those  in- 
terested should  carefully  compare  the  construct  ion  and  first 
cost  before  arriving  at,  a  decision  as  to  adopting  either.  With 
one  or  two  exceptions  these  machines  all  work  in  the  same 
manner.  Paint,  varnish,  or  other  liquid  is  contained  in  either 
a  cup  attached  to  the  spraying  apparatus  when  the  quantity 
required  is  small,  or  in  a  small  tank  connected  up  with  tubing. 
Take,  for  example,  the  "  Aerograph,"  which  was  the  first  of 
it's  kind  placed  on  the  European  market.  A  cup  containing 
the  paint  is  screwed  on  when  only  a  little  paint  is  required, 
but  when  the  supply  is  to  be  continuous  a  cap  fits  iu  the  same 
position,  and  the.  paint,  comes  through  a  supply  tube.  The  air 
is  supplied  through  a  flexible  tube,  and  there  is  a  finger  lever 
which  controls  both  the  air  valve  and  the  colour  valve  in  the 
nozzle,  so  that  little  or  much  paint  may  be  allowed  to  pass 
into  the  current  of  escaping  air.  This  may  be  considered  to 
be  a  general  principle  upon  which  all  these  sprayers  work, 
with  one  or  two  exceptions.  The  amount  of  air  pressure  varies 
very  largely  with  the  consistency  of  the  paint,  but,  generally 
speaking,  thin  liquids  and  varnishes  may  be  sprayed  with 
181hs.  to  20lbs.  to  the  square  inch,  while  a  maximum  of  501bs. 
w  ill  cover  nearly  all  classes  of  paint  and  similar  products.  In 
cases  of  very  thick  liquids  heat  may  be  applied  to  the  paint 
tank,  which  will  facilitate  the  operation  to  some  extent. 

The  next  sprayer  is  known  as  the  "  Midland."  Its  claims 
to  superiority  are  chiefly  simplicity  of  construction,  solidity  of 
working  parts,  and  ease  of  cleaning. 

Another  form  of  sprayer  is  the  "  Invincible."  This  in- 
strument is  so  arranged  that  it  may  be  used  with  the  air 
pressure  only  if  required  to  dust  the  article  about  to 
be  ))aiiited. 

The  Airostyle  "  is  the  next  type  of  sprayer  shown.  It 
is  made  111  various  patterns  and  sizes  for  use  with  different 
kinds  of  work,  and  is  one  of  the  most  popular  iiistruineiits 
of  the  kind  on  the  market. 

The  "  Aeron  '，  is  another  type,  and  the  spraying  is  done 
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through  the  cup  holding  the  paint,  excepting  in  the  case  of  a 
considerable  amount  of  work  being  done,  、vheii  the  paint,  will 
be  placed  in  a  container  holding  several  gallons  and  held  in 
an  elevated  position. 

The  "Eureka"  is  constructed  on  an  American  model. 
It  is  used  witli  the  cup  only  and  is  conspicuous  for  the  absence 
of  complicated  parts.  It  is  very  suitable  for  work  in  which 
it  is  desired  to  change  the  colour  frequently,  as  any  number 
of  cups  filled  Avitli  different  colour  may  be  on  hand,  and  the 
transfer  from  one  to  the  other  takes  but  a  minute  or  so. 

Having  briefly  described  the  principal  spraying  apparatus 
available  t  he  next  provision  necessary  is  {a)  the  supply  of  com- 
pressed air,  (6)  the  exhaust,  and  (c)  tlie  cabinet  in  which  the 
spraying  is  done  and  which  should  be  fitted  with  a  turntable. 
There  are  various  forms  of  air  compressors,  ranging  from  a 
small  and  simple  one  for  a  single  spraying  apparatus  up  to 
those  larger  and  more  elaborate  which  are  required  where  a 
number  of  sprayers  are  in  use.  Tlie  compressors  must  be 
designed  to  give  an  absolutely  pure  supply  of  air,  free  from 
oil  and  grit,  and  the  air  main  must  be  so  arranged  as  to  avoid 
any  trouble  due  to  condensation.  For  high-class  work  a  suit- 
able air  filter  should  be  fitted  to  the  intake  of  the  compressor. 
It  should  be  of  large  diameter,  and  have  a  gauze  screen  and 
wad  of  cotton  wool. 

As  already  intimated,  tlie  spraying  should  be  done  in  a 
cabinet  fitted  with  an  air  exhaust.  Unless  this  is  provided  the 
operator  may  be  seriously  injured  by  inhaling  the  fumes  from 
the  paint  or  varnish  or  the  paint  itself.  The  exhaust  is  usually 
produced  by  fans,  and  in  large  works  the  exhaust  main  con- 
nects up  with  all  the  different  cabinets.  This  question  of 
masks  is  one  which  solves  a  good  many  of  the  problems  sur- 
rounding the  subject  of  paint  spraying.  By  using  masks  or 
stencils,  or  both,  almost  any  work  can  be  done.  For  instance, 
I  、vas  recently  consulted  by  a  toy  manufacturer  in  a  large  way 
of  business  as  to  the  most  economical  method  of  painting  red 
lines  on  iron  parts  of  toy  standards.  I  recommended  a  spray- 
ing machine  to  be  used  with  stencils  of  thin  metal  through 
which  the  lines  should  be  cut  with  breaks  at  intervals  to  hold 
the  stencil  togetlier.  Going  back  for  a  minute,  it  may  be 
mentioned  that  in  dipping  articles  into  paint  any  portion 
which  is  not  required  to  be  painted  may  be  protected  by  the 
application  of  a  little  vaseline,  and  this  can  be  rubbed  off 
when  the  rest  of  the  work  is  dry. 

Before  leaving  the  subject  of  spraying,  a  few  words  may 
be  said  as  to  another  type  of  apparatus  used  in  the  open  for 
16  operators  on  small  work.  These  cabinets  are  fitted  with 
glass  sides,  and  it  may  be  here  mentioned  that  ample  light, 
either  natural  or  artificial,  must  always  be  provided,  as  other- 
wise some  part  of  the  work  to  be  sprayed  is  nearly  certain  to 
be  missed.  The  light  should  be  derived  from  the  left  side  of 
the  operator  or  from  overhead. 

There  are  so  many  trades  in  which  spraying  is  successfully 
done  that  it  is  difficult  to  select  any  one  as  being  of  special 
interest.  A  simple  operation  is  tliat  of  painting  or  repainting 
gas  meters.  In  this  case  some  parts  of  such  work,  as  for 
instance  the  brass  labels  and  name-plates,  are  not  required  to 
be  painted.  To  protect  them  a  mask  of  suitable  shape  is  used. 
They  are  held  in  position  by  the  stout  wire  appendage,  and  are 
readily  put  on  and  taken  off.  When  it  is  desired  to  paint  a 
very  large  surface,  such  as  a  gasometer,  or  a  series  of  iron 
girders,  or  even  a  long  st retch  of  fencing,  it  can  best  be  done 
by  using  a  portable  spraying  apparatus  with  motor  sprayer 
and  everything  else  required  mounted  on  a  platform  or  wheels, 
so  that  it  may  be  moved  along  as  tlie  work  proceeds. 

An  extremely  interesting  paint  sprayer  is  that  designed 
and  used  by  the  Pennsylvania  Railroad.  Mr.  M.  E.  McDon- 
nell, engineer,  wrote :  "  The  company  does  very  little  painting 
bv  dipping.  Tlie  spray  pi'cu'e'ss  is,  however,  used  very  exten- 
sively, a  large  percentage  of  our  freight  cars  having  been 
])Hiiited  by  this  method  for  years.  The  method  is  very  satis- 
factory and  also  economical.  Tlie  saving  in  the  cost  of  labour  in 
the  spraying  method  is  approximately  60  per  cent.  In  some 
cases  the  saving  is  greater  than  this.  Tii  one  o/  our  largest 
shops  the  cost  of  application  per  unit  for  a  given  number  of 

•  Slides  showing  the  varioub  forms  of  apparatus  were  shown. 


square  feet  is  38^  cents  with  the  spray,  as  compared  with 
$1  with  brush.  It  might  be  said  that  more  paint  is  applied 
per  coating  when  the  brush  is  used.  A  given  surface  which 
would  require  10  gallons  of  paint  for  one  coat  by  the  brush 
method  would  require  approximately  7  gallons  by  the  spray 
method.  When  painting  a  freight  car  a  more  uniform  coating 
is  obtained  when  the  brush  is  used,  clue  to  the  fact  that  the 
paint  can  be  brushed  out  behind  ladders  and  other  things 
which  would  obstruct  spraying,  while  in  the  application  of  the 
paint  with  a  sprayer  it  is  necessary  to  apply  a  thicker  coating 
at  certain  points  in  order  to  reach  other  points  which  are 
obstructed,  aiid  which  must,  therefore,  be  approached  from  a 
side  angle.  The  spray,  however,  reaches  certain  crevices  which 
cannot-  be  readied  with  the  brusli,  and  this  is  in  some  cases  ad- 
vantageous with  the  painting  of  freight  equipment  cars.  Our 
company  would  not  consider  returning  to  the  brush  method 
of  painting."  I  may  add  to  these  remarks  that,  rapid  as  the 
increase  in  the  use  of  paint  spraying  has  been  of  late  in  this 
country,  ！  am  convinced  that  there  is  an  enormous  field  yet 
untouched,  particularly  in  connection  with  portable  appa- 
ratus. 

Turning  from  comparatively  rougli  work  for  a  moment  to 
the  most  artistic,  it  need  hardly  be  said  that  paint  spraying 
may  be  employed  for  the  most  delicate  artistic  work,  from  re- 
touching photographs  to  designs  on  pretty  well  any  material. 

As  to  the  best  paint  for  use  in  dipping  and  spraying,  I 
need  only  say  that  ordinary  paint  will  not  answer,  as  a  rule, 
because  it  is  not  of  the  right  consistency.  Supplies  sliould 
be  obtained  ready  for  use  or  ready  to  be  thinned  by  the  addi- 
tion of  turpentine  or  white  spirit  from  firms  who  have  made 
a  special  study  of  the  subject. 

A  few  words  now  as  to  the  method  of  painting  or  enamel- 
ling very  small  articles  such  as  hooks  and  eyes,  small  castings 
a:id  pans  ；  no  better  method  is  known  to  me  than  the  use  of 
the  "  tumbler/'  which  in  form  is  similar  to  an  ordinary  churn. 
Inside  this  machine  are  placed  a  number  of  shot  or  steel  balls 
of  different  sizes.  The  articles  to  be  treated  are  then  intro- 
duced, together  with  the  japan,  and  the  machine  is  started 
at  varying  degrees  of  speed.  The  shot  carries  the  japan  over 
the  various  parts  and  into  the  interstices.  As  different  objects 
and  materials  require  different  speeds,  some  work  will  be 
started  slowly  and  the  speed  increased  to  get  the  desired  finish. 
The  objects  are  then  dumped  out  on  to  wire  screens  or  baskets, 
and  shaken,  when  the  steel  balls  and  shot  fall  through  the 
mesh,  leaving  the  articles  that  have  been  japanned  behind. 
The  baskets  are  then  hung  in  baking  ovens  while  the  balls  are 
washed  in  gasoline  ready  for  use.  . 

In  order  to  obtain  the  exact  amount  of  japan  required 
for  a  given  quantity  of  articles,  the  weight  is  taken  of  such 
articles,  of  the  steel  balls,  and  of  the  japan.  After  a  litble 
experimenting  the  proportions  may  be  formed  which  will 
result  in  all  parts  of  the  articles  being  covered  with  japau 
without  leaving  any  surplus  whatever. 

It  need  hardly  be  said  that  the  subject  of  painting  shells 
inside  and  out  is  of  great  interest  in  these  days.  The  paint  or 
varnish  is  applied  to  prevent  the  shell  rusting,  and  the  con- 
stituents of  both  materials  are  visually  settled  by  the  War 
Office  specifications  which,  however,  vary  considerably.  White 
lead  must  not  be  used  for  the  paint  ；  zinc  oxide  is  usually  pre- 
ferred, and  this  may  be  followed  by  yellow  ochre  or  other 
earth  colours,  or  lampblack  may  be  mixed  with  tlie  zinc  oxide 
to  produce  grey.  The  varnish  is  usually  fairly  cheap  copal, 
which  can  be  stoved  or  baked  at  a  heat  up  to  300。  Fall.  The 
painting  outside  can  be  done  by  dipping  by  the  aid  of  suitable 
niechanisrn,  but  the  varnishing  of  tlie  inside  surface  is  more 
difficult.  A  brush  or  swab  is  sometimes  used.  The  simplest 
plan  is  to  place  the  shell  up'side  clown  over  a  vertical  rod  com- 
municating with  tiie  force  j)unip.  A  single  plunge  will  send 
the  varnish  to  the  upper  end  and  the  inside  of  the  shell,  tlie 
varnish  runs  off  back  into  the  tank  and  tlie  shell  is  then  re- 
moved and  placed  on  an  adjacent  perforated  table  to  drain. 
Another  practical  method  is  to  use  an  ordinary  spraying 
machine  with  an  extension  which  readies  all  parts  of  the 
interior.  This  nielliocl  is  employed  at  the  present  time  in 
many  munition  factories.  Shellac  spirit  varnish  is  often  used 
for  small  shells,  ami  this  sliuuld  be  sliglitly  warmed  as  well  as 
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the  i^liell  it  self  into  wiiifli  I  lio  sliollac  niav  he  |mmt、（l  and  I  Ihmi 
bo  invtM'lecl  to 山； li". 

Ill  ； I  inai'hine  vvliirh  is  ma 山、 l»y  t  Ik*  Sj  >ia  y  l，:ni(imM、ri 
C'onipanv,  of  Hosloii,  M assacliiiset ts,  U.S.A.,  ;m  ingenious 
devii'e  is  pro\  idecl  for  admitting  only  a  fixeil  amount  of  coat - 
iiii^  nialerial  at  each  optM'ai  ion.  The  exact  ； iinouni  is  ascer- 
tainrd,  tlio  ineflKuiisiii  is  then  set  to  repeat  precisely  the  same 
(|iiantit y,  and  t  lie  nuu'liine  once  so  adjusted  can  be  worked 
hv  all  unskilled  operator.  Tlie  adual  spraviiig  is  practically 
instantaneous,  so  that  the  speed  is  cleterniiiied  by  the  rate  at 
wliich  the  shells  are  fed  to  and  taken  from  the  machine.  What 
is  known  as  Type  A  machine  has  a  speed  oF  40  miles  per 
minute.  The  standard  machine  consists  of  a  table  with  steel- 
suj)porting-  frame,  the  operating  mechanism  being  mounted 
beneath  the  table  top.  Tiie  usual  coating  material,  such  as 
varnish,  asj)lialtuTn,  paint,  and  similar  special  compounds,  is 
carried  in  a  reservoir  supported  above  the  operating  table. 
The  liquid  coating  material  passes  down  the  hollow  reservoir 
support  to  ail  adjustable  measuring  device  controlling  tlie 
.amount  of  material  sprayed  at  each  operation,  A  system  of 
levers  controls  the  motion  of  the  device  which  cuts  off  the 
supply  fro  in  the  reservoir  and  admits  the  measured  quantity 
of  niaterial  to  a  channel  leading  to  the  spray  nozzle.  The 
last  part  of  this  motion  admits  a  compressed-air  supply  which 
drives  the  coating  material  through  the  spray  nozzle  and  dis- 
tributes it  evenly  over  the  surface  to  be  coated.  High  working 
speed  is  thus  obtained  without  waste  of  material,  and  one 
setting  of  the  measuring  device  ensures  the  delivery  of  a  fixed 
quantity  of  coating  material  to  each  shell.  The  actual  opera- 
tion of  discharging  the  varnish  or  other  compound  is  effected 
by  operating  a  foot  lever. 

Type  B  machine  is  adapted  for  coating  uniformly  the 
interior  of  deep  shells  from  3in.  to  Gin.  cliain.,  as  well  as  car- 
tridge cases  for  the  various  types  of  .shells  not  exceeding,  ap- 
proximately, 3iii.  diam.  One  feature  of  the  machine  is  a 
moving  nozzle  automatically  controlled.  The  coatings  are 
applied  to  the  article  while  in  a  stationary  vertical  position. 

Type  C  machine  is  designed  for  coating  the  outside  of 
shells  and  cartridge  cases  not  exceeding,  approximately,  3in. 
diam.  Tt  is  equipped  with  a  motor-driven  rotating  shell  table, 
also  an  exhaust  fan  mounted  in  a  sheet-metal  hood  for  pro- 
tecting the  operator  from  the  paint  fumes;  The  coating  is 
applied  while  the  shell  is  being  rotated  in  a  vertical  position. 

Type  D  machine  is  designed  for  coating  the  inside  of  shells 
larger  than  Gin.  diam.,  and  of  those  that  are  too  heavy  and 
too  long  to  be  handled  in  a  vertical  position.  A  motor  drive 
is  included  for  rotating  tlie  shell,  also  an  exhaust  fan  as  noted 
under  Type  C  machine.  The  shell  is  laid  on  its  side  and 
rotated  in  a  horizontal  position  during  the  coating  operation. 
The  nozzle,  while  spraying,  is  moved  automatically  along  tlie 
shell  axis,  tlius  ensuring  the  uniform  coating  over  the  entire 
inside  surface. 

It  is  important  to  observe  that  before  paint  or  varnish  is 
applied  it  is  essential  that  the  surface  be  absolutely  clean  and 
free  from  grease.  With  this  object  the  shells  are  boiled  in  a 
solution  of  caustic  soda,  and  tliey  are  then  tlioioiighly  washed 
in  clean  water.  Any  shells  which  (lave  been  improperly  var- 
nished are  boiled  for  as  long  as  three  hours,  vvliich  is  sufficient 
to  remove  the  varnish  and  render  the  shells  ready  for  treat- 
ment again. 

Ill  conclusion,  I  should  like  to  refer  to  the  most  up-to-date 
method  of  painting  the  bodies  of  motor-cars.  The  method  is 
extraordinarily  quick,  a  coat  of  japan  being  given  to  a  4- 
seated  car  in  exactly  two  minutes.  Tliis  is  done  by  discharging 
japan  through  a  flexible  tube  connected  with  an  overhead 
tank  through  a  wide  nozzle,  which  is  opened  by  the  pressure 
of  the  thumb  and  closed  by  a  spring.  The  motor  body  is 
placed  on  a  bogey  witli  a  trough -like  tank  on  three  sides  of 
it  and  a  solid  iron  sheet  on  the  fourth  side.  On  pressing  the 
lever  the  japan  literally  pours  out  of  the  nozzle  on  to  the 
work,  and  it  is  only  necessary  to  move  it  very  quickly  in 
order  to  get  the  whole  of  the  surface  covered  in  the  time 
named.  Of  course,  a  great  deal  more  japan  passes  into  the 
trough-like  tank  than  goes  on  to  the  body,  but  this  passes 
through  a  screen,  and  descends  into  a  small  tank  below, 
whence  it  is  pumped  up  to  the  elevated  tank  for  use  again. 


A  t'**w  riiinules  are  give"  for  all  superfluous  japan  to  run  "fT， 
aiul  I  lie  bogey  is  then  wheeled  over  to  the  stove  where  tlie 
body  is  placed  for  some  1 1 ours  unt  il  the  coat^  is  sufFirient  ly  hard 
io  oiiahle  il.  lo  bo  rubbed  down  and  t  Ihmi  to  receive  a  second 
coat  in  the  sanio  way. 

A  soinewliat,  similar  hui  improved  iimi  hod  of  paint  ing 
motor  bodies  is  largely  used  in  America  and  is  known  as  tlie 
" Aeron."  In  tliis  process  the  paint,  japan,  or  varnish  is 
forced  through  a  floxible  tube,  and  is  discharged  continuously 
through  a  wide  flat  nozzle.  A  trough-like  tank  is  provided 
into  which  the  superfluous  japan  flows,  but  sufficient  sticks 
to  the  surface  to  give  a  good  thick  and  durable  coating.  In 
order  to  prevent  the  inside  of  the  body  being  splattered  with 
japan  a  brush  is  first  used  to  apply  it  to  the  top  edges  and  then 
the  nozzle  is  passed  rapidly  over  the  surface  on  to  which  it 
discharges  the  japan.  The  superfluous  material  which  flows  into 
the  tank  passes  through  a  filter  and  is  used  again,  being  con- 
tinuously added  to  tliat  in  use.  The  body  is  allowed  to  drip 
for  some  mimites,  and  is  then  placed  in  a  drying  oven  specially 
for  the  purpose  to  exclude  humidity.  The  varnish  coat  dries 
in  rather  over  four  hours  and  may  then  be  rubbed  down 
liglitly  either  with  fine  steel  wool  or  pumice  stone,  when  it  is 
ready  to  receive  another  coat. 

T  am  indebted  to  the  "  Iron  Age,"  of  New  York,  for  the 
following  details  of  tlie  process  of  finishing  an  alu minium 
body,  for  it  will  be  understood  that  nearly  the  whole  of  the 
materials  for  the  undercoats  are  applied  by  means  of  the 
" Aeron."  The  aluminium  body  is  first  washed  with  gasoline 
applied  with  a  brush,  and  this  is  wiped  off  and  allowed  to 
dry.  A  coat  of  oxide  of  iron  priming  and  linseed  oil  is  then 
given  by  means  of  an  ordinary  sprayer  or  air  brush,  and  the 
body  is  then  placed  in  a  stove  at  115°  Fah.  for  three  hours.  It 
is  tlien  ready  to  receive  a  coat  of  coach  putty,  which  is  applied 
by  hand,  the  object  being  to  obtain  a  level  surface.  This  dries 
in  the  air  for  12  hours.  Then  a  coat  of  lialf  white  lead  and 
half  rough  stuff  is  sprayed  on,  and  the  body  is  stoved  at  115° 
Fah.  for  three  hours.  The  next  process  is  to  spray  on  four 
coats  of  rough  stuff  and  to  stove  each  at  the  same  heat  for  two 
hours  each.  Next  is  applied  by  hand  a  coat  of  rubbing  rough- 
stuff,  which  is  air  dried  and  then  rubbed  down  with  pu mice 
stone.  Some  additional  puttying  is  then  usually  required. 
The  body  is  now  in  a  condition  to  receive  the  first  coat  of 
colour,  which  is  sprayed  on,  and  this  is  allowed  to  dry  in  the 
air  for  six  hours.  The  ''Aeron,"  or  flowing  machine,  is  tlien 
employed  to  put  on  three  coats  of  colour  and  varnish  or 
enamel,  the  first  two  being  stoved  at  120°  Fall,  for  four  hours, 
and  the  last  at  125°  Fah.  for  four  and  a  half  hours  A  coat 
of  rubbing  varnish  is  then  applied,  and  this  is  rubbed  down 
witli  finely  powdered  pumice  stone  applied  by  means  of  a 
felt,  pad  moistened  in  water.  A  final  washing  off  with  clean 
water  and  tlie  body  is  ready  for  the  finishing  coat  of  varnish, 
which  is  applied  by  experts  with  the  usual  form  of  flat  varnish 
brush.  The  body  is  then  complete,  and  provided  that,  good 
materials  have  been  used,  shows  up  with  tliat  brilliant  finish 
which  is  so  much  admired. 

Although  there  appears  to  be  a  large  number  of  coats 
necessary  for  obtaining  the  beautiful  finish  there  are,  as  a 
fact,  fewer  than  would  be  required  by  the  old  process  of  apply- 
ing all  tho  coats  by  hand.  By  using  the  methods  described, 
not.  only  is  a  great  saving  of  time  effected,  but  the  appearance 
of  tlie  finish  is  improved,  while,  more  important  still,  tlie  dura- 
bility is  distinctly  increased. 

In  conclusion,  I  desire  to  emphasize  two  important  pro- 
visions which  are  absolutely  essential  to  a  good  finish  and 
speedy  work.  The  first  is  to  provide  a  room  in  which  the 
paint  and  varnish  is  applied  that  is  well  ventilated,  free  from 
draughts,  and  is  kept,  at  a  uniform  temperature.  But,  above 
all,  dust  nmsl  be  absent  and  the  greatest  care  be  taken  to 
exclude  it.  T  have  seen  painting  shops  adjacent  to  the  joinery 
works  with  but  little  division  between  the  two.  The  result, 
of  course,  is  that  specks  innumerable  settle  upon  the  work, 
and  the  finish  is  spoiled.  I  would  repeat,  then,  tliat  too  much 
care  cannot  be  taken  to  eliminate  dust.  The  second  provision 
is  a  drying-room,  which  will  facilitate  the  drying  and  exclude 
moisture. 


80 


THE    MECHANICAIy  ENGINEER. 


[August  4,  1916 


Patkrson  Wateh-softkning  and  Pubifying  Apparatus. 

the  flow,  and  in  front  of  this  plate  is  arranged  a  weir  X  over 
which  the  water  flows,  and  from  this  stream  of  water  a  con- 
trollable proportion  of  the  incoming  water  is  by-passed  by  an 
adjustable  divider  J  through  the  pipe  K  to  the  movable 
receiver  A，  in  connection  with  which  is  provided  the 
receptacle  L  for  the  chemical  reagent.  The  contents  of  the 
container  L  are  kept  thoroughly  stirred  and  continually 
agitated  by  means  of  a  series  of  rotating  paddles  M  adapted 
to  be  operated  by  a  water  wheel  N.  On  the  periphery  of  the 
rotating  paddle  wheel  is  a  plurality  of  cups  O  which  are 
adapted  to  l)e  filled  with  reagent  during  their  rotation  and  to 
discharge  the  same  into  a  receptacle  P  connected  to  a  double 
corn  part  me  lit  oscillating  measuring  vessel  Q  similar  to  that 
which  is  employed  for  measuring  the  water  and  situated  out- 
side of  the  reagent  container  L.  This  vessel  is  so  furanged 
that  one  compartment  at  a  time  is  in  a  position  for  being  filled 
with  reagent  discharged  from  the  measuring  cup«,  and  means 
are  provided  for  maintaining  the  coinpartrnent  full  until  such 
time  as  it  is  to  be  discharged  into  the  water  to  be  treated,  as 
for  example,  the  vessel  Q  may  be  provided  with  an  outlet  Tl 
throucfh  which  the  surplus  reagent  delivered  to  the  vessel  is 
allowed  to  overflow  from  the  measuring  device  and  through  a 
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Fig.  4.  Fig.  3. 

Patkrson  Watkii-softexixg  and  Purifying  Apparatus. 

It  is  necessary  that  the  chemical  measuring  bucket  or  con- 
tainer Q  must  always  discharge  the  precise  weight  of  chemical 
required  to  treat  a  predetermined  weight  of  water,  and  in 
consequence  it  is  necessary  that  the  arrangement  should  be 
such  that  the  chemical  container  instantaneously  discharges  its 
contents  as  the  contents  of  the  water-measuring  device  are 
discharged,  as  otherwise  the  excess  reagent  delivered  to  the 
measuring  vessel  would  be  delivered  to  the  water  to  be  treated. 
One  method  of  attaining  this  object  is  illustrated  in  Figs.  3 
and  4，  according  to  which  the  chemical  measuring  device  Q  is 
connected  with  the  water-measuring  device  by  means  of  levers 
T  and  linkage  U  arranged  to  operate  a  loosely  mounted 
weighted  lever  V.    During  the  first  part  of  the  movement  of 


i     E      F  D 


Fig.  r>. 

PaTKUSON  \V at It -SOFTK N I NG  AND  PURIFYINfi  APPARATUS. 


the  water-tipping  vessel  the  lever  is  moved  into  a  vertical 
position  whereupon  after  passing  the  centre  it  falls  of  its  own 
weight  striking  against  a  projection  W  upon  the  chemical 
ineasuriiii(  vessel  tlius  instantly  tipping  the  latter  to  discharge 
the  contents  of  the  full  com])artnient  into  the  water  to  be 
treated  and  to  bring  the  empty  compartment  into  the  position 
for  filling. 


chute  S  back  into  the  reagent  container  L.  The  outlet  device 
R  is  so  arranged  that  it  is  adjustable  as  to  level  by  being 
slidably  or  otherwise  adjustably  nioinited  upon  the  measuring 
vessel  Q,  so  that  the  level  of  overflow 編 y  be  adjusted  in  order 
to  vary  the  chemical  supply  in  any  manner  that  may  be 
desired.  ' 


PATERSON  WATER-SOFTENING  AND  PURIFYING 
APPARATUS. 

Some  improvements  have  ]>een  made  and  patented  bv  Mr. 
Win.  Paterson,  India  House,  Kingsway,  London,  W.C.,  in 
connection  with  water  softening  and  purifying  apparatus  of 
the  tvpe  in  which  means  are  provided  for  by-passing  a  pre- 
determined or  controllable  proportion  of  the  total  flow  to  a 
measuring  device  adapted  to  operate  the  chemical  supply 
during  the  continuecl  operation  of  the  plant.  The  inqu'ove- 
meuts  relate  to  the  arrangements  provided  for  distributing 
the  chemical  reagent  or  reagents  to  the  water  to  be  treated 
whereby  the  difficulties  hitherto  experienced  in  distributing 
the  exact  amount  of  reagent  necessary  will,  it  is  claimed,  be 
entirely  obviated. 

The  apparatus,  which  is  shown  in  the  accompanying  illus- 
trations, is  fitted  with  a  double  coinpartrnent  oscillating 
receiver  A,  which  is  mounted  upon  a  shaft  B,  the  receiver 
being  provided  with  a  lever  C  (Fig.  5)  adapted  to  move  with 
the  re<?€iver  and  to  operate  either  end  of  a  double-ended  ram, 
the  two  cylinders  D  of  which  are  mounted  in  a  stationary 
framing  E  and  are  connected  together  by  a  pipe  F  with  an 
adjustable  restricted  opening  into  each  cylinder  so  that  as  the 
tipping  vessel  A  falls  to  one  side  one  of  the  rams  is  operated 
so  that  the  liquid  within  its  cylinder  is  forced  therefrom  to  the 
cylinder  of  the  other  ram  through  the  coniie<'ting  pipe  F. 

In  the  apparatus  illustrated  diagramniatically  in  Fig.  1 
the  water  to  be  treated  enters,  by  the  pipe  G,  the  tank  or 
receiver  H，  which  is  provided  with  a  perforated  plate  to  steady 
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SANDBLASTING  AND  SANDBLAST  MACHINES.* 

BY  .1.  .1.  IIICMAKDSON. 

Tn  tlio  voar  1 870,  the  saiulhlast  process  was  invented  by  Mr. 
】^iijam"i  Chow  Tilghman,  of  Philculelpliia,  who  really  l)or- 
ro、ve(l,  or  adopted  fvoux  nature  herself,  itiasmuch  as  he  inten 
sified  and  put  to  use  a  natural  i'orce,  the  edecis  of  which  are 
always  apparent  under  favouring  coiulitious  ；  t  liat  is  to  say, 
wherever  we  find  large  deposits  of  loose  sand  exposed  to  pre- 
valent winds,  by  which  the  sand  is  cauj^ht  up  and  blown 
against  any  hard  substance,  such,  for  example,  as  the  glass 
in  a  window,  ilie  surface  soon  becomes  depolislied  and  obscured 
by  the  contact  of  the  sand  ：  or  stone,  the  surface  of  which  with 
time  is  sensibly  roughened  and  sometimes  scored  in  a  manner 
quite  (lislind  fvoux  ordinary  weathering.  The  original  patent 
specifioation  stated  that  the  process  was  for  cutting,  boring, 
grinding,  dressing,  pulverising,  and  engraving  stone,  metal, 
glass,  wood,  and  other  hard  or  solid  substances  by  means  of 
a  stream  of  sand  or  other  suitable  material  used  as  projectiles 
artificially  driven  against  them  by  any  suitable  means  of  pro- 
pulsion. The  invention,  therefore,  stated  shortly,  consists  of 
a  stream  of  sand  or  other  abrasive  material,  usually  dry,  but 
sometiities  mixed  with  water  projected  with  more  or  less  force 
and  velocity  to  strike  and  pulverise  the  surfaces  of  glass,  stone, 
metal,  and  other  materials  upon  which  it  is  directed. 

The  abrasives  used  in  the  process  include  ordinary  inland 
silicious  sand,  sharp  builders'  sand,  powdered  glass,  emery 
from  fine  to  coarse,  chilled  iron  sand,  and  steel  shot,  and  the 
streams  of  these,  what  we  might  term  sandblasting  mediums, 
are  forcibly  projected  through  variously  formed  nozzles,  by 
"leans  of  steam,  by  currents  induced  by  exhaust  air  or  com- 
pressed air.  Sand  is  greatly  used  for  many  purposes,  but  for 
cleaning  the  scale  and  core  sand  from  iron,  steel,  and  brass 
castings,  chilled  iron  shot  or  grit  is  more  generally  used  on 
account  of  its  greater  efficiency,  not  breaking  up  as  the  sand 
does  on  impact  with  the  article  being  sandblasted. 

Grains  of  sand  have  numerous  angles,  and  the  action 
of  these  grains  (as  also  that  of  the  other  abrasives  mentioned) 
upon  the  surface  of  glass,  stone,  or  metal,  is  due  to  the  cir- 
cumstance that  every  individual  grain  in  the  incessant  infinite 
number  in  the  st ream  urged  violently  forward,  has  all  its 
energy  instantly  arrested,  transferred  and  concentrated  upon 
its  point  of  itupact,  wliere  it  produces  a  niin uto  pit  or  depres- 
sion ; and  as  every  grain  in  the  shower  acts  alike,  the  abrasion 
resulting  from  the  whole  is  perfectly  uniform  in  depth,  and 
texture  or  roughness.  The  action,  moreover,  is  extremely 
rapid  ；  a  momentary  application  depolishes  glass  over  any 
space  that  can  be  covered  by  one  stroke  of  tlie  sand  shower, 
instantly  changing  the  previous  bright  surface  to  obscured. 
A  little  longer  exposure  cuts  more  deeply  and  with  fu rtlier 
time  apertures  are  readily  pierced  tlirougli  sheet  or  plate  glass. 

Stone,  marble,  slate,  and  granite  are  equally  amenable  to 
its  action.  Iron,  steel,  and  other  metals  have  their  surfaces 
easily  reduced,  and  smoothly  or  coarsely  granulated,  according 
to  the  force  and  abrasive  used,  but  all  these  materials  being 
less  brittle  than  glass  take  rather  longer  time.  Speaking  gene- 
rally, the  harder  or  more  dense  the  material  acted  upon,  the 
more  rapid  the  cutting  action,  especially  so  when  the  velocity 
of  the  sand  stream  is  increased.  If  fine  granulation  is  needed, 
then  finer  abrasive  material  is  used,  and  tlie  air  or  steam 
pressure  reduced. 

Messr?.  Tilghnian's  Patent  Sand  Blast  Company,  Ltd., 
Broaclheath,  near  Manchester,  are  the  original  patentees  and 
manufacturers  of  sandblast  apparatus  in  this  country,  and  the 
late  Mr.  J.  E.  Mathewson  was  continually  bringing  out  new 
specialities  in  this  line,  and  taking  out  master  patents  in  this 
connection,  for  adapting  the  process  to  new  purposes  whicli 
the  industries  of  the  world  demand.  Mr.  A.  E.  Mathewson, 
son  of  the  above  and  the  present  managing  director  of  the 
concern,  has  kept  this  forward  movement  going  with  equal 
zeal.  This  continued  progress  and  the  valuable  experience 
thus  acquired  puts  the  company  in  a  pre-eminent  position  to 
make  and  supply  apparatus  of  the  most  improved  form  and 
greatest  efficiency. 

*  Abstract  of  paper  read  before  the  Birmingham  Association  of  Mechanical 
Engineers,  ' 


Tlio  san(ll)la9t  proopss  was  first  used  in  conrmd  ion  willi  glass 
TTiiirkiiit^  and  obscuring',  and  is  to-day  largely  (Mtiployed  in  the 
glass  t rade.  In  using  the  process  i'or  en^raviii^,  lettering,  or 
per forai  int^  glass,  slone,  &c"  the  parts  of  t  Iib  suri'acf^  which 
ui'e  not  1(>  be  act ed  tipoti  by  t lie  saiidblasi,  are  ])V()\<H'ied  by 
various  elast.ic  and  tenacious  su l)si ancCvS,  varying  it)  t hick ness 
and  durability,  according  to  ilic  dcpl  li  of  the  cutting  required 
ami  ilie  brittleness  of  the  inatei  ial  under  operalioii.  The  more 
elastic  this  protecting  substance,  the  less  will  be  Ilie  impression 
made  upon  it  by  1  he  sandblast.  For  engraving  tahle-glasa, 
bottles,  gas  and  lamp  globes  and  cliirniiey.s,  and  small  articles 
ill  sheet  glass,  a  stencil  is  usually  made  of  ill  in  sheet  iron  or 
steel,  worked  to  llie  ]) roper  shape  and  fitted  on  tlie  article 
du ring  tho  operation  ;  these  stencils  with  care  last  a  good  lime 
and  about  2,000  impressions  can  be  made  with  one  stencil. 
For  engraving  advertising  tablets,  door  panels,  and  sheet  glass, 
an  elastic  adliesive  material  is  pressed  upon  the  glass  through 
a  tinfoil  stencil.  For  better  class  of  work  the  glass  is  covered 
with  prepared  paper,  upon  which  the  design  is  sketched  and 
then  cut  out  by  iiaucl. 

The  sandblast  process  is  also  applied  to  the  cleansing  and 
finishing  of  new  files,  and  is  now  found  in  nearly  all  the  large 
file  works  in  the  country.  Files  scoured  by  this  process  after 
cutting  and  hardening  are  so  thoroughly  free  from  scale, 
salt,  &c.，  that  it  is  only  necessary  to  rinse  them  in  fresh  lime 
water,  after  which  they  may  be  at  once  dried  out  and  oiled  ； 
a  great  number  of  lile  manufacturers,  in  addition  to  scouring 
their  files  by  this  process,  also  sharpen  them  afterwards  in 
another  machine,  which  is  somewhat  similar. 

In  the  sharpening  of  new  files  and  resharpening  of  worn 
files  the  process  consists  of  a  stream  of  very  fine  sand  and 
water,  in  the  state  of  fluid  mud  (a  liquid  grindstone,  in  fact), 
directed  at  a  certain  angle  with  the  face  of  the  file,  and  driven 
with  great  velocity  by  j&ts  of  steam  against  the  back  of  the 
teeth,  the  effect  of  which  is  to  grind  away  the  metal  thereat 
until  sharp  points  or  edges  are  produced.  By  this  means  a  file 
which  has  been  fairly  worn  in  the  fitting  shop  can  be  reshar- 
])ened  by  the  sandblast  so  as  to  cut  equal  to  a  new  file,  and 
this  operation  can  be  repeated  until  the  teeth  are  nearly  worn 
away.  This  method  of  resharpening  tlie  teeth  of  files  has 
been  in  use  for  some  years,  and  has  generally  proved  itself 
to  be  a  valuable  addition  to  the  fitting-shop  equipment.  It 
must  be  understood  that  the  process  cannot  replace  broken 
teeth,  or  solidify  those  which  have  been  honeycombed  by  rust, 
or  raise  new  ones  from  the  stumps  of  those  worn  down  to  the 
roots  by  scraping  and  fettling  castings. 

In  order  to  prolong  the  life  of  a  file  by  the  use  of  tliis 
metliod,  it  slioulcl  bo  treated  in  the  same  way  as  other  edge 
tools  are  treated  whicli  are  capable  of  being  resliarpened —— 
sent  to  be  touched  up  whenever  they  begin  to  drag  or  lose 
their  smoothness  of  cutting.  In  this  way,  by  repeated  shar- 
penings,  a  file  can  be  made  to  do  several  times  as  much  work  ； 
beside  which  the  fitter,  having  always  sharp  tools  to  work  with, 
can  do  an  increased  amount  of  work  with  less  exertion. 

In  the  metal  trades  tlie  sandblast  is  used  for  the  removal 
of  the  hard  scale  so  destructive  to  cutting  tools  from  castings, 
forgings,  stampings,  &c.  Also  for  the  removal  of  the  scale 
from  sheet  iron  and  steel  prior  to  enamelling,  galvanising, 
nickelling,  t-iitning,  &c.，  the  cleaning  of  tubes  and  brazed  joints, 
largely  used  in  cycle  work,  and  the  reduction  to  clean  metal 
surfaces  of  larger  works  ranging  from  the  steel  forgings  of 
safes  to  armour  plates.  Among  oilier  purposes  it  is  employed 
for  removing  fur  and  deposits  in  tubes  and  tanks,  for  cleaning 
off  the  paint  and  dirt  within  iron  ships,  for  roughening  the 
su rface  of  metal  rollers,  for  cleaning  oft'  the  grime  from  stone, 
graiiit e,  and  brick  buildings.  For  large  work  in  metal,  say 
for  the  removal  of  scale  from  the  heaviest  of  armour  plates, 
it  is  generally  necessary  to  take  the  sandblast  to  the  work  in- 
stead of  the  work  to  the  apparatus,  and  this  is  when  the 
portable  plant  is  used,  as  also  for  cleaning  the  ends  of  electric 
1  ram  rails  before  welding  in  site,  &c. 

I  will  now  describe  as  far  as  possible  the  plants  of  tlie  fixed 
types  as  used  in  the  metal  trades.  In  fettling  and  cleaning 
castings  very  considerable  saving  is  effected  by  the  use  of  the 
sandblast,  process,  and  no  foundry,  whether  turning  out  small 
or  large  castings,  should  be  without  a  sandblast  plant.  In  the 
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cleaning  of  the  castings  a  saving  of  at  least  50  per  cent,  can 
be  made  in  the  fettler's  wages  alone.  In  the  cleaning  of  steel 
forgings  and  castings  which  are  now  being  so  largely  used,  the 
sandblast  is  absolutely  essential,  as  it  is  impossible  to  remove 
the  scale  and  burnt- on  core  by  any  other  means  and  leave  a 
chemically  clean  surface.  The  benefits  of  having  castings  and 
forgings  freed  from  scale  and  sand  are  particularly  noticeable 
ill  the  machining  and  finishing  of  same  and  where,  as  is  very 
generally  the  case,  expensive  gang  cutters  are  used,  the  saving 
in  these  tools  alone  amounts  to  very  considerable  sums,  so  large 
in  fact  as  to  very  soon  pay  for  the  cost  of  complete  plant. 

Sand  blasting  machines  for  fettling  or  cleaning  castings  are 
of  various  types,  but  tliey  are  only  very  briefly  divided  as 
fixed  and  portable,  the  former  vastly  predominating.  In  each 
classification  a  number  of  designs  occur.  The  fixed  machines 
include  tumbling  barrels,  rotating  tables,  and  reciprocating 
tables,  and  closed  cleaning  chambers.  These  latter  are 
arranged  for  the  operator  to  work  either  inside  or  outside. 

The  regular  sandblast  apparatus  for  cleaning  large  cast- 
ings com  prises  the  apparatus,  the  air  compressor  and  receiver, 
the  sandblast  room,  the  exhauster  for  returning  the  sand- 
blasting medium  to  the  apparatus  for  use  over  and  over  again, 
and  the  air  washing  arrangement.  The  essential  blasting 
mechanism  comprises  a  cylindrical  casing,  into  which  the  sand- 
blasting medium  is  fed.  It  is  divided  generally  into  two 
chambers,  fed  in  the  first  place  through  the  upper,  then  pass- 
ing into  the  lower  one  under  the  control  of  a  lever  operating 
a  sand  valve  under  tlie  upper  hopper.  From  the  lower  hopper 
the  sandblasting  medium  is  allowed  to  pass  through  a  slot, 
the  opening  of  which  is  uncovered  by  a  valve  operated  by  a 
lever  on  the  outside.  It  is  then  caught  by  the  current  of 
moving  air  and  driven  through  the  pipe  to  which  the  discharge 
nozzles  are  attached.  Apparatus  can  be  fitted  with  one,  two, 
or  even  more  nozzles  as  may  be  necessary-  The  air  co in j) lessor 
provides  a  pressure  of  from  51bs.  to  251bs.  per  square  incli,  and 
the  receiver  carries  an  even  pressure  free  from  the  pulsations 
of  the  compressor. 

The  sandblast  room  is  built  of  sheet  iron  on  angle  irons, 
and  is  provided  with  doors,  a  glass  roof  with  ventilators  in 
same,  perforated  steel  floor  and  grids.  After  use  the  sand- 
blasting medium  falls  through  the  grids  into  the  Viopper  below, 
wlience  it  is  drawn  by  the  exhauster  through  pipes  into  tiie 
top  of  the  sandblast  apparatus.  The  exhauster  fan  produces  a 
vacuum  of  about  4in.  water  gauge,  and  changes  the  contents 
of  the  room  four  times  a  minute.  This  form  of  elevation  auto- 
matically operating  saves  much  labour,  otherwise  necessary.  A 
cyclone  separator  occupies  the  upper  portion  of  the  apparatus, 
and  this  carries  away  the  dust  and  finest  core  sand,  leaving 
the  heavier  core  sand  and  sandblasting  medium  to  fall  down 
through  an  air  sieve,  which  draws  away  all  core  sand  which  is 
useless  for  sandblasting,  and  allowing  only  the  sandblasting 
medium  proper  to  fall  into  the  chamber  below  for  re-use. 

The  air  which  enters  the  room  through  the  ventilators  in 
the  roof  passes  through  the  floor  grids,  carrying  the  dust  with 
it.  A  was! ling  arrangement,  by  which  the  dust  is  reduced  to 
mud,  can  be  filled,  and  it  consists  of  a  rose  jet  through  which 
water  is  projected  against  the  rotating  blades  of  tlie  exhauster. 
The  water  being  thus  sprayed  catches  the  dust  and  passes 
tlirougli  the  pipe  into  the  settling  tank,  placed  in  a  convenient 
position,  generally  outside  tlie  building.  The  mud  settles  at 
the  bottom  and  has  to  be  cleaned  out  as  it  accumulates.  These 
rooms  can  be  built  in  almost  any  size,  the  smallest  being  6ft. 
by  6ft.  by  8ft.  3in.  high,  but  any  size  can  be  built  as  required. 
This  type  of  plant  is  used  for  cleaning  castings  from  h  cwt. 
each  up  to  several  tons  weight.  For  very  large  castings,  for 
wliirh  the  larger  rooms  are  used,  rails  can  be  laid  into  the 
rooms  and  tlie  work  run  in  on  bogies.  The  operator  works 
inside  the  chamber,  directing  the  blast  nozzle  by  liand  to  any 
portion  of  the  casting.  He  is  provided  with  a  helmet  to  pre- 
vent, the  rebounding  abrasive  material  from  striking  his  face 
and  also  to  prevent  dust  from  getting  into  the  lungs. 

The  principle  of  the  sandblast  tuuibliiig  barrel  is  a  slowly 
rotating  cylinder  supported  at  its  circuriiference  on  rollers, 
and  into  this  cylinder  the  small  castings  or  forgings  are  put 
and  the  lid  fastened.  The  blast  is  directed  tli rough  one  or 
both  ends  of  the  cylinder  against  the  articles  placed  tliereiu. 


The  slow  rotary  movement  causes  the  castings,  &c"  to  tumble 
over  one  another,  thus  continually  bringing  new  faces  under 
the  action  of  tlie  blast.  The  sand  and  dust  escape  through 
the  perforation  in  the  barrel  into  the  barrel  box,  the  sliding 
door  of  whicli  is  closed  when  working,  and  is  drawn  by  the 
current  of  air  through  the  pipe  into  the  sandblast  apparatus. 
The  majority  of  barrels  in  use  are  of  this  type,  but  for  large 
firms  who  have  very  considerable  quantities  of  small  similar 
castings  to  be  dealt  with,  a  continuous  sandblast  barrel  is 
made.  This  barrel  is  of  the  open-ended  type.  The  body  or 
cylinder  is  hooped  with  rings,  which  run  on  rollers  that  are 
driven  slowly  from  a  pulley  through  worm  gears.  The  castings 
are  fed  into  a  hopper  at  one  end  and  travel  slowly  through  the 
barrel  to  the  other  end,  where  they  are  discharged '  upon  a 
sloping  grate  During  the  passage  they  are  subjected  to  the 
actions  of  four  or  more  sandblast  jets  equally  distributed 
along  the  length  of  the  barrel. 

The  sloping  grate  is  partly  enclosed  in  an  exhaust  chamber 
and  partly  in  a  hopper  below.  In  the  chamber  the  sand- 
blasting medium,  scale,  and  dust  are  separated  from  the  cast- 
ings and  drawn  through  a  horizontal  pipe  into  the  apparatus 
and  dealt  with  in  the  same  manner  as  before  described.  This 
type  of  barrel  can  be  continually  fed  and  will  clean  thoroughly 
very  large  quantities  of  castings  per  hour.  By  maintaining  a 
partial  vacuum  in  tlie  barrels  all  leakage  is  inward,  thus 
entirely  preventing  any  dust. 

The  advantage  of  the  sandblast  barrel  over  the  ordinary 
rattler  are:  (1)  First  and  foremost  tlie  work  done,  whether  it 
be  castings,  forgings,  or  stampings,  is  absolutely  clean  and  free 
from  sand  and  scale,  whereas  in  an  ordinary  rattler  it  is  not. 
(2)  The  work  being  done  by  the  impact  of  grains  of  sand, 
travelling  at  a  high  velocity,  no  portion  of  the  surface  of  the 
castings  can  escape  the  blast,  not  even  intricate  cores.  (3) 
In  consequence  of  the  slow  revolutions  of  the  barrel  (about 
four  turns  only  per  minute),  and  the  shortness  of  the  opera- 
tion (10  to  40  minutes),  the  sharp  outlines  of  the  work  are 
perfectly  preserved.  (4)  One  sandblast  barrel  will  do  as  much 
work  as  several  rattlers,  thereby  saving  considerable  floor 
space,     (5)  The  operation  is  entirely  free  from  dust. 

Sandblast  machines  are  also  made  which  consist  of  a 
rotating  horizontal  grid  table,  on  which  the-  articles  to  be  sand- 
blasted are  placed  ；  the  sandblast  jet  is  suspended  above  this 
table  and  gently  swayed  so  as  to  cover  the  whole  surface  of 
the  table.  Tliese  machines  are  not,  however,  largely  used,  as 
they  are  generally  only  suitable  for  surface  work  on  castings 
which  have  no  cores  to  speak  of. 

Such  work  as  the  cleaning  of  the  brazed  joints  of  cycle 
frames,  liandle-bars,  &c.，  casements,  cleaning  cutters,  twist 
drills,  hardened  steel  parts,  motor-cycle  cylinders,  frosting  the 
inside  of  cigarette  cases  before  gilding,  frosting  such  things  as 
carburetter  bodies  before  plating,  is  done  in  sandblast  cham- 
bers. These  are  made  in  both  circular  and  rectangular  form, 
and  vary  in  size  according  to  the  work  required  to  be  done  in 
name  ；  the  operator  stands  outside  the  chamber,  passes  his  arms 
through  suitable  openings,  directing  the  blast  on  the  articles 
to  be  cleaned,  and  observing  the  results  through  the  window 
in  front  of  which  lie  stands.  This  plant  is  either  provided 
with  tlie  sand  and  dust  separating  apparatus  already  men- 
tioned, or  for  small  work  as  a  finishing  operation  tlie  chamber 
is  often  placed  over  a  simple  type  of  apparatus  without  this 
saparating  arrangement. 

Special  types  of  sandblast  machines  are  made  for  many 
purposes,  amongst  tliesei  being  those  for  cleaning  the  inside 
of  sliells,  tlie  smaller  shells  up  to  4*5in.  being  dealt  with  by  a 
machine  in  whicli  a  Iixed  vertical  blast  is  fitted,  the  nozzle 
being  central  and  the  shell  being  supported  over  it  in  a  suit- 
able holder,  with  ball  and  socket  joint,  so  that  the  shell  can 
both  be  turned  round  and  also  rocked  sideways  in  order  that 
the  blast  may  reach  the  whole  of  the  interior  surface. 

The  chamber  type  of  machine  is  also  used  for  cleaning 
shells  of  this  same  size  ；  the  shells  in  each  case,  however,  are 
horizontal  and  are  passed  through  from  side  to  side  of  the 
chamber  by  means  of  sniall  doors.  The  blast  jet  is  brought 
into  position  opposite  tlie  open  ends  of  the  shells,  the  operator 
standing  in  front  of  the  chamber  with  his  hands  through  the 
opening  provided,  watching  the  operations  by  means  of  the 
window. 
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Largt"'  shells  are  cleaiiod  in  the  sandhlasi  room  previously 
described  for  (>astin"w，  and  ； iro  dealt  with  very  quickly,  Iming 
passed  through  t  he  room  on  a  tahlo  or  htMu-li  rmuiing  t  he 
wliolo  width  of  t he  room.  The  sliells  aro  rolled  1  lirougli  doors 
oil  to  the  hench  ami  out  at  the  opposite  ("id.  The  operator 
in  this  case  works  inside  t he  room,  wearing  a  helmet  to  protect 
his  I'ace  and  lungs,  the  blast  being  directed  by  hand.  】{'y 
using  a  trolley  run  into  t  lio  room,  shells  of  t  he  largest!  size 
can  be  treated. 

Another  t v|)e  of  special  plant  for  this  purpose  is  that  for 
cleaning  cast  or  forged  steel  shells  before  and  after  machining. 
This  plant  consists  of  a  machine  in  the  form  of  a  bench  with  a 
revolving  table  mounted  on  a  suitable  base,  which  is  carried 
on  girders  on  legs  to  bring  the  base  to  suitable  height  from 
floor  for  convenience  in  working.  The  baseplate  is  provided 
with  a  machined  ball  race  for  carrying  the  gear-driven  revolv- 
ing table  upon  which  the  sliells  are  mounted  in  suitable  die 
plates,  and  thus  given  a  movement  of  rotation.  In  order  to 
reach  the  whole  of  the  interior  of  the  shell,  suitable  gear  for 
operating  the  blast  jet  is  secured  underneath  the  baseplate, 
and  this  gear  imparts  to  the  jet  a  swinging  and  lifting  motion 
obtained  from  hand  levers  at  the  side.  Underneath  th©  base- 
plate a  sheet-iron  hopper  is  provided  for  collecting  the  sand, 
shot,  dust,  &c.，  and  from  which  it  is  drawn  to  the  separating 
chamber  of  the  sandblast  apparatus. 


METALLURGY  OF  THE  RARER  METALS. 

In  the  course  of  a  paper  on  "  The  Metallurgy  of  the  Rarer 
Metals,"  read  at  a  recent  meeting  of  the  American  Institute 
of  Chemical  Engineers,  Prof.  J.  W.  Richards  stated  that 
there  were  many  metals  which  might  be  called  the  rarer 
metals,  but  the  most  interesting  among  these,  both  to  the 
metallurgist  and  economist,  were  those  metals  whose  com- 
pounds were  relatively  cheap  and  which  commanded  high 
prices  because  of  the  difficulty  of  their  reduction.  These  were 
metals  whose  market  prices  might  at  some  time  be  reduced 
anywhere  from  one-half  to  nine-tenths  by  improved  methods  of 
reduction.  He  said  that  if  his  paper  had  been  written  30 
years  ago,  aluminium  would  be  one  of  the  metals  that  would 
be  discussed,  being  in  1886  one  of  the  rarer  metals  selling  at 
£2  per  pound.  The  silicon  industry  furnished  another 
example  of  great  reduction  in  the  cost  of  the  metal.  This,  in 
1900，  was  selling  as  a  chemical  curiosity  at  over  £20  an  ounce  ； 
now  5d.  per  pound  was  a  good  market  price  for  it. 

The  author  referred  at  length  to  the  number  of  metals 
that  at  present  comniand  liigli  prices,  but  which  by  improved 
metallurgical  processes  might  be  made  very  cheaply.  These 
include  beryllium,  boron,  magnesium,  calcium,  strontium, 
zirconium,  molybdenum,  barium,  titanium,  chronuurn,  and 
cerium  (mixed  metals  of  the  cerium  group).  He  said  the 
present  methods  of  reducing  beryllium  were  tedious  and 
costly  and  that  it  was  not  to  be  expected  that  this  metal 
could  be  made  cheaply  until  some  one  mastered  the  direct 
electrolysis  of  the  oxide,  dissolved  or  suspended  in  a  more 
stable  melted  salt,  which  was  by  no  means  an  impossibility. 
He  said  this  metal,  being  white,  malleable,  and  unchanged  in 
air,  with  a  specific  gravity  of  164，  would  wake  it  particularly 
useful  for  objects  where  great  lightness  and  perniauence  in 
air  were  the  first  consideration,  with  the  cost  secondary.  He 
characterised  it  as  a  metal  that  would  repay  extended  metal- 
lurgical research  and  minute  physical  and  chenucal  study  of 
its  many  unique  properties. 

According  to  Prof.  Richards  the  metallurgist  had  not 
made  a  fraction  of  the  progress  that  he  should  have  made 
with  magnesium.  Although  magnesium  oxide  cost  only  a  few 
cents  per  pound  the  metal  sold  for  about  as  many  dollars  per 
pound,  and  was  scarce.  But  he  believed  that  by  improving 
the  nietiiods  the  reduction  of  magnesium  could  be  produced 
at  Is.  per  pound.  He  said  that  while  tlie  war  continued,  witli 
its  enormous  demand  for  magnesium  for  military  purposes, 
the  price  would  remain  high,  but  with  improved  processes 
that  were  being  developed  he  believed  that  after  the  close 
of  the  war,  with  normal  industrial  conditions,  magnesium 
would  sell  at  a  price  which  would  take  it  out  of  tliei  class  of 


rarer  inolals  and  put  it  among  ilio  ('mnmmi  ono.H,  As  1  ho, 
price  went  down  its  indusi rial  uses  would  increase  in  geo- 
metrical proportion,  aiul  instead  of  1  lie  production  hciii^ 
ex }) reused  in  thousands  of  pounds  per  year  it,  would  reach 
thousands  of  tons.  This  woiikl  bo  one  of  the  by- products  of 
the  war's  stimulus  to  metallurgical  iiidusl ry. 

The  poHsibilities  lield  out  to  the  metal  industry  by  reason- 
ably ('heap  magnesium  were,  he  said,  exl reinely  interesting. 
Tt  was  quite  possible  that  alloys  analogous  to  dur-alurniri 
might,  be  discovered,  as  strong  as  soft  steel  with  only  30  per 
cent,  of  its  weight,  which  would  find  &xlensive  use  in  aero- 
planes and  dirigibles.  Such  alloys  might  largely  displace 
aluminium  alloys,  which  were  now  used  by  the  thousands  of 
tons  annually  in  the  automobile  industry,  with  a  saving  of 
one-third  in  weight  which  would  compensate  for  tlie  higher 
first  cost.  He  predicted  that  tlie  metallurgical  use  of  mag- 
nesium would  also  be  greatly  extended  by  its  lower  price, 
■such  as  for  deoxidising  brass,  copper,  bronze,  nickel,  an cl 
nioiiel  metal,  since  it  was  a  much  stronger  deoxidiser  t)ian 
aluminium.  In  fact,  aluminium  had  blazed  the  way  into 
numerous  uses  for  which  magnesium,  as  soon  as  it  became 
cheaper,  would  compete,  and  replace  its  older  sister.  He 
predicted  a  large  future  for  magnesium  as  one  of  the  common 
metals  of  every-day  life. 

Calcium,  strontium,  and  barium  were  referred  to  as  the 
trio  of  highly  interesting  elements,  common  enough  in  nature 
but  scarce  and  of  high  price  because  of  the  metallurgical  lack 
of  efficient  and  cheap  methods  of  reduction.  Calcium  was 
referred  to  at  present  as  a  semi-rare  metal  which  could  be 
produced  much  cheaper  by  present  methods  if  made  on  a  large 
scale  to  fill  a  large  demand.  The  principal  trouble  at  present 
was  in  finding  uses  for  the  large  production.  He  said  its  pos- 
sible alloys  with  other  light  metals  should  be  exhaustively 
studied,  and  that  another  large  possible  use  was  as  a  chemical 
purifying  agent  in  melting  and  casting  metals.  A  small 
addition  of  metallic  calcium  might  be  used  to  reduce  the 
amount  of  sulphur  and  ])liospliorus  in  steel,  and  other  metals 
and  alloys  whose  properties  were  damaged  by  sulphur  or 
phosphorus  might  be  similarly  refined  or  improved.  Barium 
was  referred  to  as  a  metal  that  could  be  obtained  in  large 
quantities  if  its  uses  were  developed.  As  barium  was  a  good 
conductor,  its  use  was  suggested  for  electrical  contrivance, 
and  there  were  possibilities  that  its  cost  could  be  very  mate- 
rially reduced. 

The  fact  that  the  use  of  chroiniuni  in  steel  was  rapidly 
extending  to  all  varieties  of  extra  hard  and  high-speed  steel 
was  referred  to,  and  the  author  stated  that  the  use  of  pure 
chromium  was  limited  by  its  liigli  cost  of  production  and  our 
lack  of  knowledge  as  to  how  to  handle  it  and  its  possible 
useful  effects.  For  example,  chromium  electro-plating  was 
white  and  durable,  and  for  many  purposes  might  be  superior 
to  nickel  and  almost  equal  to  pi  at  in  um  plating,  but  the  tech- 
nique of  always  getting  perfect  plating  liad  not  been  mastered. 

Ferrochromiiiin  alloy  carrying  high  carbon  (6  to  8  per 
cent.)  was  produced  cheaply  in  crucibles,  cupola  furnaces, 
blastfurnaces,  and  electric  furnaces.  Low-carbon  ferrochro- 
niiuin  commanded  three  to  five  times  as  high  a  price  because 
of  tlie  difficulty  of  decarbonising  the  raw  product.  The  author 
lioped  that  a  test  would  be  made  in  the  electric  shaft  furnace 
to  see  if  it  was  not  possible  to  produce  directly  from  the  ore 
a  low-carboii  prod  net  and  said  the  present  prices,  £20  and 
£100  a  ton  respectively  for  the  high  and  low  alloys,  would 
warrant  a  great  effort  in  that  direction. 

The  metallurgy  of  chromium  was,  in  the  author's  opinion, 
full  of  attractive  possibilities,  and  the  usefulness  of  pure 
cliromiuni  in  the  field  of  alloys  was  only  beginning  to  be 
scratched.  The  scratch,  however,  had  proven  very  much 
worth  wliile.  The  success  of  A.  J.  Rossi  and  the  Titanium 
Alloy  Mfg.  Company  in  producing  ferrotitanium  alloy  from 
the  enormous  quantities  of  titaniferous  iron  ore  in  Northern 
New  York  and  Canada  was  referred  to,  and  if  uses  were 
found  for  pure  titanium,  some  other  than  electric  furnaces 
must  be  used  to  reduce  it.  These  methods  of  reducing  pure 
titaniuni  were,  like  its  prospective  uses,  still  in  the  future. 
The  metal  was  now  quoted  at  about  the  price  of  silver  and 
if  the  problem  was  properly  faced  it  could  probably  be  made 
as  cheap  as  chromium. 
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CONDENSER  TUBE  TROUBLES.- 

HY    A.   E.  WHITE. 

An  investigation  was  conducted  by  the  author  in  1913  for  the 
Edison  Illuminating  Company,  Detroit,  to  (1)  account  for  the 
splitting  of  brass  condenser  tubes  in  service  ；  (2)  determine  the 
proper  chemical  composition,  mechanical  treatment,  and  heat 
treatment  which  should  be  given  to  the  tubes  ；  (3)  formulate 
such  specifications  as  would  be  of  】naterial  service  in  the  pur- 
chase of  tubes.  The  specifications  finally  formulated  com- 
pletely eliminated  the  troubles  previously  encountered. 

to 


0        10       10       50       40        50      60       70        GO       30  lOO 
Zinc ,  per  cent 

100      90       60       70      60       50      40       "50       10       10  0 
Copper,  percent. 

Fig.  1. 

The  maximum  ductility  of  copper-zinc  alloys  is  found  to  be  at  a 
mixture  of  70  per  cent,  copper  and  30  per  cent.  zinc. 

Chemical  analyses  were  made  to  determine  whether  or  not 
the  splitting  was  due  to  the  presence  of  such  impurities  as 
antimony,  bismuth,  iron,  &c.  The  analyses  showed  the  tubes 
to  be  of  fairly  uniform  composition,  and  to  be  made  on  a  basis 
60  per  cent,  copper  and  40  per  cent,  zinc,  corresponding  to 
Muntz  metal.  The  percentage  of  impurities  found  was  exceed- 
ingly low  and  these  could  not  be'  held  responsible  for  the  tube 
failures.  Subsequent  investigations  discovered  tlie  cause  of 
splitting  to  be  faulty  manufacture.  Specifically,  the  faults 
were  excessive  pinching  during  drawing,  insufficient  annealing 
between  drawings,  or  an  omission  of  annealing  or  incomplete 
annealing  after  the  final  drawing. 

For  fresh,  unpolluted  water  the  best  composition  is  believed 
to  be  70  per  cent,  copper  and  30  per  cent.  zinc.  For  salt  or 
polluted  water  an  Admiralty  mixture,  70  per  cent,  copper,  29 
per  cent,  zinc,  and  1  per  cent,  tin,  is  especially  good,  as  are 
mixtures  of  80  per  cent,  copper,  20  per  cent,  zinc,  and  90  per 
cent,  copper,  10  per  cent,  zinc,  respectively.  For  normal  con- 
ditions, these  latter  three  are  expensive  and  may  be  disre- 
garded. 

The  70-30  mix  is  regarded  as  most  desirable  for  the  follow- 
ing reasons  :  ( 1)  Sucli  a  proportion  has  t  lie  inaxiniu ni  ductility 
of  all  the  brass  compositions  (see  Fig.  1).  (2)  This  mix  gives 
a  greater  promise  of  adequate  cold  working  and  annealing. 
(3)  The  tube  will  liave  but  one  metallographic  constituent, 
which  will  preclude  the  possibility  of  electrolytic  action. 

While  a  tube  of  55  per  cent,  copper  and  45  per  cent,  zinc 
has  a  greater  tensile  strength  than  one  of  the  70-30  compo- 
sition, yet  the  greater  ductility  of  the  latter  renders  it  superior 
for  condenser  use.  Moreover,  the  tensile  strength  of  the  70-30 
tube  is  ample  for  the  purpose  for  which  it  is  used.  Tn  regard 
to  working  the  tubes,  the  temptation  is  to  work  them  hot  as 
much  .as  possible,  this  being  less  expensive  than  r;old  working. 
Tlie  very  nature  of  the  70-30  metal  predudes  to  some  extent 
the  tendency  to  hot  working.  Cold  drawing,  when  not  too 
severe,  assures  a  breaking  down  of  existing  crystallisation, 
resulting  in  both  smaller  and  better  interlocked  grains.  It 
also  makes  necessary  annealing  between  each  set  of  cold  draw- 
ings, both  of  which  processess  improve  the  quality  of  the  tube. 
Too  much  cold  drawings  between  annealings  will  distort  the 
grain  structure  to  such  an  extent  as  to  produce  heavy  slip 
bands  which  are  almost  impossible  to  eliminate.  It  is  more 
desirable  to  reduce  the  thickness  of  tlie  tube  by  many  light 
draughts  tlian  by  a  few  heavy  draughts.    Not  less  than  six 

•  Abstract  of  paper  read  at  the  annual  meeting  of  the  American  Society  for 
Testing  Materials,  June  30th,  1916. 


Annealing  Temperature  ，  deg.Cent 
J'，i(;.  -1. 

The  best  conden stn-  tulu-  as  regards  its  iiliysical  iiroiiertics  is  the 
one  that  combines  iiiii.xiiiiuia  'liu'UUty  wiUi  niaxiiraun  strentith, 
indicated  by  tlie  crossitm  of  tlie  curves  I't'iin'st'iitiuf^  those  pro- 
perties. The  alxn r  is  a  record  of  tlie  aiim'rtliii"  tests  of  a  tube 
of  67  per  ct'iit.  copper  and  'S,i  \)vr  criil.  zinc. 

too  high  for  commercial  work,  as  they  produce  an  unneces- 
sarily large  grain.  When  tubes  are  heated  to，  but  not  held  at, 
a  given  temperature  and  cooled  at  different  rates,  the  metal 
which  cooled  the  slowest  lost  its  original  structure  the  earliest 
and  produced  coarse  crystallisation  the  quickest. 

As  a  result  of  the  investigation  a  set  of  specifications  for 
condenser  tubes  was  prepared.  These  conform  somewhat 
closely  to  the  U.S.  Navy  Department  specifications  but  have 
had  added  a  provision  for  microstructure  examination. 


Thermit  Ltd. — This  company  has  received  a  communication 
from  the  Public  Trustee  to  the  effect  tliat  he  has  entered  into 
an  agreement  to  sell  the  whole  of  the  enetny  shareholding  in 
that  company  to  the  Birmingham  Metal  and  Munitions  Com- 
pany, Ltd.  '  The  Thermit  Company,  Ltd.,  will  continue  to 
trade  exactly  in  the  same  way  as  hitherto, 


drawings  should  be  made,  and  12  or  even  more  cold  drawings 
are  to  be  preferred. 

The  following  impurities  have  a  bad  effect  on  the  quality 
of  condenser  tubes.    They  should  be  limited  as  follows  ： — 

Lead. —― If  more  than  O'l  per  cent,  lead  is  present'  the  duc- 
tility of  the  tube  may  be  impaired.  Lead  is  detected  by  the 
microscope,  appearing  as  black  dots  scattered  at  irregular 
intervals  over  the  surface. 

Arsenic  and  Anfiviony. - — Antimony  tends  to  cause  cracks 
in  the  metal  containing  it.  It  is  advisable  to  keep  the  arsenic 
and  antimony  under  0'02  and  0.002  per  cent,  respectively. 

Bismuth. —— The  effect  of  bismuth  is  similar  to  thatJ  of  anti- 
mony, although  it  is  less  injurious.  It  should  be  kept  below 
0*01  per  cent. 

Zrot? . —- Iron  will  not  liave  any  appreciably  harmful  effect 
on  the  tube,  providing  it  does  not  exceed  0*075  per  cent. 

The  heat  treatment  of  condenser  tubes  should  consist  in 
annealing  each  tube  between  each  cold  drawing  or  set  of  cold 
drawings,  at  a  temperature  high  enough  to  remove  the  grain 
distortion  caused  by  tlie  cold  drawing,  but  not  at  such  a 
temperature  as  will  permit  crystalline  growth  to  take  place  to 
such  an  extent  as  to  cause  coarse  crystallisation.  After  the 
final  drawing,  each  tube  should  be  annealed  just  enough  to 
break  down  the  distorted  structure  produced  by  the  last 
drawing.  No  specific  temperatures  can  be  given,  as  variations 
in  the  chemical  composition  and  initial  crystal  size  produce 
changes  in  the  annealing  temperature. 

The  correct  annealing  temperature  of  each  composition 
should  be  ascertained  by  microscopic  and  physical  test  re- 
searches. Fig.  2  is  a  typical  curve  of  such  a  research.  The 
best  annealing  temperature  is  probably  that  at  which  the 
curve  of  tensile  strength  crosses  that  of  percentage  of  elonga- 
tion. The  length  of  time  the  tube  is  held  at  the  annealing 
temperature  is  also  of  importance.  A  Muntz  metal  tube  of 
60  per  cent,  copper  and  40  per  cent,  zinc  gave  a  maximum 
ductility  when  heated  seven  hours  at  between  560°  C.  and  690° 
C.，  while  the  same  metal  annealed  for  half  an  hour  at  750°  C. 
also  attained  maximum  ductility.     These  temperatures  are 
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POWER  PLANT  FOR  MARINE  PROPULSION. 

With  a  \'"'、、.  "）  oiiahlt'  pDwcr  jilaiit  on  hoard  sliij)  to  opera"', 
effect ivolv  "ml  efficient Iv  inulrr  widely  varying  optiTatiiig  and 
lo;ul  coiidit  ions,  the  West  iiinhouso  M achiue  Company,  of  East 
ritlshurg,  roimsvlvatiia,  have  recently  designed  and  patented 
the  arr;ui^(Miieiits  illustrated  luM'ewith.  In  the  airan^einent 
shown  diai^raiiuuatically  in  Fig.  1  the  apparatus  comprises  a 
steam  turbine  A,  an  vlvci  ric  motor  H,  which  under  certain 
conditions  is  capable  of  operating  as  a  generator,  a  propeller 
L\  and  gearing  between  the  propeller,  the  turbine,  and  the 
motor.  The  gearing  is  so  arranged  that  the  speed  reduction 
between  the  turbine  or  eiinijie-  and  the  propeller  is  difTereiii 
from  that  between  the  iimt-or  and  the  propeller.  The  gearing 
cmisists  of  a  large  gear  D，  the  shaft  of  which  is  shown  coupled 
to  the  shaft  E  of  the-  propeller  by  means  of  a  clutch  F.  The 
gearing  D  meshes  with  two  jiinions  G  and  H  of  different 
diameters,  the  shaft  of  the  smaller  of  which  is  shown  directly 
connected  to  the  shaft  of  the  turbine  by  means  of  a  clutch  J. 
The  shaft  of  the  larger  pinion  H  is  shown  directly  connected  to 
the  shaft  of  the  motor  by  means  of  a  clutch  K，  and  the'  shaft 
of  the  gear  I)  is  shown  provided  with  a  thrust  bearing  L  for 
taking  up  the  axial  or  longitudinal  thrust  of  the  propeller  C. 
With  this  arrangement  the  propeller  may  be  driven  either  by 
the  turbine  or  by  tho  motor,  and  in  addition  to  this,  the 
turbine  may  be  employed  in  driving  the  motor  while  it  is 
operating  as  the  generator  and  is  charging  the'  storage 
batteries  from  which  it  receives  current  while  driving  the  pro- 
peller independently  of  the  turbine  or  in  conjunction  with  it. 
While  the  turbine  is  driving  the  propeller  independently  of 
the  motor  B,  the  clutch  K  may  be  disengaged  for  the  purpose 


' *  Power  Plant  for  ]\Iaiunk  1'iwi'i'lsion. 

of  uncoupling  the  motor  from  the  pinion  H,  and  the  clutch  J 
may  be  disengaged  for  the  purpose  of  uticoupliiig  the  turbine 
from  the  pinion  G  when  the  motor  is  delivering  power  to  the 
propeller.  During  the  charging  operation,  or  while  the  motor 
IS  operating  as  a  generator,  the  clutch  F  may  be  disengaged, 
so  that  power  will  not  be  transmitted  to  the  propeller  by  the 
gear  D.  With  this  anantreineut  of  apparatus,  the  propeller 
may  be  driven  by  the  turbine  or  motor  operating  independently 
of  or  in  conjunction  with  each  other,  and  the  motor  may 
either  run  idle  or  be  converted  into'  a  generator  while  the 
turbine  is  delivering  power  to'  the  propeller. 

I"  Fig.  2  is  shown  an  arrangement  of  apparatus,  for  use  in 
connection  with  a  vessel,  having  two  propellers.  The  power 
developing  or  Iransniittiutr  apparatus  for  each  propeller  is 
similar  in  some  respects  to  .the  apparatus  shown  in  Fig.  1，  in 
that  it  includes  a  turbine  or  engine  A,  a  motor  B，  and  a  trans- 
mission .^earing  between  the  turbine  and  the  motor  and 
between  both  of  them  and  the  propeller.  The  transmission 
gearing  illustrated  includes  a  large  gear  D  which  is  coupled  to 
the  shaft  E  of  the  propeller  by  means  of  clutch  mechanism  F， 
"id  the  gear  I)  meshes  with  two  pinions  G  and  H  of  equal 
diameter.  The  shaft  of  the  pinion  H  is  shown  coupled  to  the 
motor  B  by  means  of  a  clutch  K,  while  the  shaft  of  the  pinion 
G  is  shown  coupled  to  the  sliaft  of  the  turbine  A  hy  means  of 
a  clutch  J.  The  exhaust  of  the  tiu'biiie  coiinnunicates  wibh 
ail  exhauHl  lu'ader  M，  which  in  turn  conntiuiiicates  witli  a  con- 
denser N,  ill  which  the  cooling  water  intake  and  the  discharge 
project  through  the  side  of  the  vessel. 


EXTRACTION,  OR  BLEEDER-TYPE,  TURBINES.* 

I  N  l()()km"r  u  j)  tli(、  history  of  11"'  sicam  1  iirljiiic,  it'  is  interesling 
") iiolc  the  great  advance  in  1  lie  economy  as  well  as  the  capa- 
city of  this  tyj)o  of  prime  mover.  In  1 905,  in  a  report  of  a 
('ommiUee  on  the  steam  1  urbiiie,  consisting  of  Messrs.  E^liii, 
Duiiiiain,  Moult rop,  Cato,  and  Andrew,  to  the  National  Elec- 
tric Light  Association,  held  in  New  York  City,  tliey  gave  the 
iiiunber  of  turbines  of  the  largest  size  in  operation  at  that 
time  as  follows :  Four  5,500  kw.  machines,  10  5,000  kw. 
machines,  with  a  total  of  all  descriptions  of  224  turbines  with 
an  aggregate  capacity  of  350,000  h.j).  In  1905  the  largest 
turbine  designed  to  operate  non-condensing  was  of  2,000  kw. 
capacity,  running  in  a  sugar  refinery.  The  first  large  extrac- 
tion-type turbine  in  operation  was  a  2,000  kw.  u nit  in  1905. 
There  are  about  30  extract  ion -type  turbines  in  operation  at 
the  present  time. 

Before  considering  the  use  of  steam  turbines  for  heating, 
drying,  or  other  purposes  requiring  exhaust  steam,  a  careful 
survey  of  all  the  conditions  from  every  viewpoint  should  be 
made.  The  electrical  and  heat  balance  should  be  carefully 
studied  not  only  from  the  present  aspect  of  the  case,  but  also 
the  future  development  of  tlie  electric  and  heat  loads,  to 
determine  as  far  as  possible  the  approximate  divergence  of 
the  respective  loads.  There  is  a  point  where  a  non-condensing 
unit  would  prove  more  economical,  also  a  point  where  a  con- 
densing turbine  should  be  installed  and  live  steam  used.  As  a 
general  statement,  an  extraction  turbine  should  be  installed 
when  it  can  carry  the  average  load  with  the  average  amount 
of  steam  required  for  heating  being  extracted.  Some  of  the 
limiting  factors  governing  the  maximum  amount  of  steam  to 
be  rejected  to  the  heating  system  are — the  capacity  of  the  tur- 
bine is  reduced,  the  regulation  is  impaired,  and  the  ability  to 
handle  momentary  overloads  is  handicapped. 

With  an  extraction  turbine,  as  with  a  straight  condensing 
turbine,  the  ability  to  handle  overloads  depends  on  the  design 
of  the  unit.  For  instance,  in  a  straight  condensing  machine, 
assume  a  water  rate  of  201bs.  per  kilowatt  on  a  500  kw. 
machine.  If  the  nozzles  of  the  turbine  were  designed  to  pass 
only  lOjOOOlbs.  of  steam,  the  machine  would  have  no  overload 
capacity,  and  if  it  is  running  at  or  near  the  full-load  point, 
we  cannot  take  much  of  a  swing.  In  an  extraction  machine 
suppose  it  were  designed  to  deliver  1,000  kw.  load  and  a  niaxi- 
niu m  of  30,0001bs.  of  steam ― when  giving  this  electrical  load 
if  we  were  ext  racting  no  steam  we  would  have  a  great  overload 
capacity  on  the  electrical  end,  but  if  we  were  extracting 
30,0001bs.  and  attempted  to  go  above  30，0001bs.  extraction 
we  would  have  to  relieve  the  turbine  of  some  of  the  electrical 
load  in  order  to  have  any  overload  capacity.  In  other  words, 
it  is  merely  designing  the  turbine  liberally  enough  to  carry 
the  "mximuni  load  with  a  safe  overload  capacity  on  top  of  this. 
As  the  load  on  the  turbine  is  the  sum  of  tlie  heating  and 
electrical  load,  the  heating  load  serving  to  take  capacity  off 
t  he  machine  the  same  as  the  electrical  load  does,  it 
will  act  the  same  as  any  other  equipment  when  overloaded 
on  either  end.  The  regulation  should  not  be  materially  im- 
paired unless  we  are  running  too  close  to  the  maximum  on 
either  the  steam  or  electrical  load. 

We  believe  that  the  most  connnon  cause  of  dissatisfaction 
with  the  extraction-type  machine  is  due  to  the  fact  that  a 
iriaii  is  unable  to  definitely  determine  the  amount  of  steam  he 
is  taking  to  the.  healing  system,  and  in  many  cases  will  attempt 
to  extract  more  steam  than  the  machine  was  designed  for 
and  be  disappointed  because  the  machine  will  not  deliver 
its  full  electrical  load  as  well.  In  other  words,  while  he 
can  readily  determine  by  the  meters  on  the  switchboard  when 
he  is  getting  to  the  limit  of  the  capacity  on  the  electric  end, 
there  are  usually  no  similar  instruments  on  the  extraction 
line  to  determine  when  he  is  reaching  the  limit  on  the  steam 
end,  so  that  it  is  possible  to  have  liis  machine  running  prac- 
tically at  the  maximum-load  point  considering  the  total  steam 
and  electrical  load  and  not  be  aware  of  it  until  some  sudden 
demand  on  the  electrical  end  exceeds  the  capacity  of  the  unit 
and  makes  itself  known  by  a  decrease  in  speed  with  a  conse- 

*  Abstract  of  ruport  of  Station  Oporatinf^  Committee,  lU'esonted  at  the  eifihth 
annual  convention  of  the  National  District  Heating  Association,  New  York,  May, 


86 


The  mechanical  engineer. 


[August  4，  1916 


quent  disturbance  on  the  electrical  system.  It  is  found  in 
practice  tliat  when  a  central  stalioii  is  furnishing  power  for 
large  milling  industries,  &('.，  any  variation  in  speed  is  imme- 
diately noticed  in  the  operation  and  output  of  these  mills. 
It  is  necessary,  therefore,  that  sufficient,  generator  capacity  is 
in  service  at  all  times  to  provide  for  shod  circuits  on  exterior 
lines  or  momentary  overloads. 

A  point  can  be  reached  where  live  steam  must  be  admitted 
to  the  heating  system  or  another  unit  placed  in  service.  It  is 
usually  more  economical  to  admit  some  live  steam  than  to 
place  the  extra  unit  in  service.  This  depends  on  the  relative 
load  factors.  The  economy  of  a  turbine  of  this  type  as  given 
by  the  manufacturers  is  usually  the  overall  economy  per 
kilowatt  when  extracting  a  certain  amount  of  steam.  But 
the  actual  percentage  of  the  total  heat  admitted  to  the  turbine 
used  and  the  balance  rejected  to  the  heating  system  is  not 
given. 

Non-condensing  turbines  for  heating  purposes  should  be 
installed  only  when  the  average  exhaust  steam  required  equals 
or  exceeds  the  electrical  output  of  the  unit.  For  hot-water 
heating  a  condensing  unit  designed  to  carry  full  load  when 
running  noii -condensing  has  given  satisfactory  results.  When 
properly  installed,  any  required  vacuum  to  maintain  any 
necessary  temperature  can  be  obtained  with  a  corresponding 
economy.  In  case  of  low  steam  due  to  boiler  trouble,  the 
turbine  can  be  immediately  operated  condensing  with  maxi- 
mum economy,  thus  protecting  the  electric  load  when  other- 
wise both  heating  and  electric  loads  might  be  lost.  This  point 
also  applies  to  turbines  of  the  extraction  type. 

On  account  of  the  extra  boiler  capacity  required  witli  non- 
condensing  apparatus,  it  may  be  found  that  the  extra  fuel  and 
maintenance  required  to  bank  fires  during  the  non-heating 
season  will  pay  the  interest  charges  on  the  additional  cost 
of  the  cheaper  condensing  system .  And  by  using  extraction 
or  condensing  turbines  running  non-condensing,  depending 
on  the  amount  of  steam  required  for  heating  with  relation  to 
the  size  of  turbine  and  its  load，  satisfactory  results  are 
attained. 

In  the  design  of  a  new  plant  complete,  care  should  be  used 
to  arrange  tlie  system  to  be  operated  with  as  low  a  back 
pressure  as  possible,  and  the  manufacturer  of  turbine  appa- 
ratus should  be  fully  acquainted  with  the  pressures  and 
amounts  of  steam  required  for  heating.  It  might  be  that 
the  extraction  openings  from  the  turbine  could  be  taken  from 
a  point  nearer  the  exhaust  end  of  the  machine  by  slightly 
lowering  the  pressure  below  th at  stated  in  the  proposition 
as  first  placed  before  them.  In  other  words,  with  an  absolute 
stated  pressure  and  load  specified,  it  might  compel  them  to 
extract  the  steam  at  a  higher  stage  than  necessary  with  lower 
economy.  I  ii  1 1 1 i h  case  a  slight  increase  on  investment  in 
sizes  of  heating  mains  might  be  advisable,  the  increased 
economy  of  the  unit  serving  to  pay  the  additional  interest 
charge  in  all  the  foregoing.  (I  am  referring  to  plants  having 
units  of  500  kw.  capacity  and  larger.) 

The  saving  by  using  an  extraction  turbine  is  shown  by  a 
p roniiiieiit  turbine  engineer  by  several  examples  which  follow, 
and  prove  conclusively  tlie  economy  of  this  type  of  apparatus 
and  also  the  economy  of  keeping  the  extraction  pressures  as 
low  as  possible :  First,  the  problem  is  supplying  22,000,000 
J3.T.U.  per  hour  to  the  heating  system  and  1 ,000  kw.  electrical 
energy.  If  we  use  a  straight  condensing  turbine,  it  will  be 
necessary  to  take  steam  direct  from  the  boilers  for  the  heating 
load,  which  would  require  for  the  amount  of  heat  given 
18,4001bs.  of  steam  per  hour.  The  electrical  load  would  require 
18,500]bs.  of  steam  (IS.SIbs.  per  kilowatt),  or  a  total  of 
3(j,90f)]bs.  of  steam  for  the  combined  load.  Tf  an  extraction 
turbine  was  used  and  it  was  necessary  to  extract  at  151bs. 
gauge  pressure,  the  quality  of  the  steam  at  the  extraction 
opening  of  the  turbine  would  he  approximately  96^  per  cent, 
dry,  and  it  would  then  require  19,7001bs.  of  steam  per  hour  1() 
furnish  22,000,000  B.T.U.  heat  energy.  The  turbine  would 
deliver  this  1 9,7001  bs.  of  steam  at  15 lbs.  gauge  back  pressure 
and  1,000  kw.  electrical  energy  for  a  total  of  31,6()01bs.  of 
steam  at  the  1  li  rot  tie,  or  a  saving  of  36,9001bs.  niiiius 
31，(3()Olb-s.，  or  5,30l>lhs.  of  steam  per  hour.  Without  the  ex- 
traction turbine  it  would  mjuire  l8,-10()lbs.  of  steam  per  hour 
for  the  heating  system.  Therei'ore  the  amount  of  steam  charge- 


able for  power  would  be  31，6001bs.  minus  18,4001bs.  (the 
equivalent  of  which  goes  to  the  heating  system),  leaving  a 
balance  of  13,20()lbs.,  being  at  the  rate  of  13'21bs.  per  kilo- 
watt-hour chargeable  to  power.  If  we  extract  at  51bs.  pressure 
(quality  95  5  per  cent.)  owing  to  the  slightly  lower  heat  con- 
tent, it  would  require  20，0001bs.  of  steam  to  furnish  the 
22,000,000  B.T.U.  heat.  Under  this  condition  the  turbine 
would  deliver  the  20,0001bs.  of  steam  at  51bs.  pressure  and 
deliver  1,000  kw.  electrical  load  for  a  total  of  28,9001bs.  of 
steam  at  the  throttle  :  28，9001bs.  】ninus  18,4001bs.  (chargeable 
to  heat)  leaves  a  balance  of  10，5001bs.  chargeable  to  power,  or 
lO  Slbs.  per  kilowatt-hour. 

It  will  be  observed  from  the  foregoing  calculations  that 
all  the  saving  is  credited  to  the  electrical  department.  As  a 
matter  of  interest  it  should  be  noted  in  passing  that  this  sav- 
ing does  not  all  accrue  to  the  electrical  department ― in  fact, 
it  is  questionable  which  department,  steam  or  electric,  should 
get  the  credit,  or  whether  it  should  be  divided  between  the 
two.  One  thing  is  certain — if  an  existing  electric  plant  adds 
to  its  system  a  heating  plant,  this  saving  would  be  credited 
as  an  advantage  to  having  a  heating  plant.  If  for  matter  of 
rates  the  cost  of  service  in  the  two  departments  was  to  be 
considered,  then  this  saving  should  be  divided  between  the 
two  departments  somewhere  in  proportion  to  the  steam 
requirements  of  each. 

Under  the  foregoing  figures  (extracting  steam  at  151bs. 
pressure)  the  saving  of  5,3001bs.  of  steam  should  be  divided 
between  the  heating  and  electrical  operating  costs  in  propor- 
tion to  tlie  steam  requiienients  if  each  were  operated  sepa- 
rately. Of  this  saving  j  ^ would  be  allowed  to  the  heating 
department  and  ^  ?  V  ^ ^  would  be  credifcedito  the  electrical  de- 
partment. In  this  paper  this  matter  has  not  been  considered. 
We  have  endeavoured  only  to  show  the  saving  and  what  it 
was,  without  consideration  of  what  department  would  be 
affected. 

It  is  evident  from  these  calculations  that  extraction  of 
steam  from  a  turbine  at  51bs.  back  pressure  for  heating,  has 
a  decided  advantage  over  extraction  at  151bs.  back  pressure, 
in  (1 )  3  5  per  cent,  more  pounds  of  steam  extracted  into  the 
heating  system  ；  (2)  25'2  per  cent,  decrease  in  the  cost  of  pro- 
ducing 1,000  kw.  Again,  in  the  extraction  against  a  back 
pressure  of  151bs.  we  have  6，6001bs.  of  steam  that  was  used 
in  producing  part  of  the  1,000  kw.  and  again  used  in  the  heat- 
ing system .  And  in  the  extraction  against  a  back  pressure  of 
51bs.  we  have  9，6001bs.  of  steam  that  was  used  in  producing 
part  of  the  1,000  kw.  and  again  used  in  the  heating  system. 
Or  an  increase  of  the  51bs.  over  the  151bs.  of  6,600-^^9,600 
equals  69:  100  —  69  =31  per  cent.  ；  that  is,  31  per  cent,  more 
8 team  is  saved  by  extracting  at  a  back  pressure  of  51bs.  than 
151bs. 

We  believe  that  the  relative  saving  by  operating  under 
the  lowest  pressures  is  not  thoroughly  appreciated  &nd  that 
cases  of  improper  installations  and  piping  that  impose  a 
burden  on  any  existing  plant  in  increasing  pressure  to  furnish 
satisfactory  service  to  these  isolated  cases  should  be  either 
corrected  or  eliminated  entirely  from  the  system.  New  busi- 
ness departments  sometimes  in  their  zeal  to  make  a  good  show- 
ing, which,  of  course,  is  commendable,  forget  the  advisability 
of  taking  on  certain  loads  from  an  engineering  standpoint. 
While  diverting  from  the  point  under  discussion,  the  writer 
(•aunot  refrain  from  stating  that  the  closer  the  relations  are 
between  the  sales  department  and  the  engineering  depart- 
ment, the  better  are  the  final  results. 

So  far  as  tlie  operation  of  this  type  of  turbine  is  concerned, 
we  can  only  say  again  that  all  piping  must  be  of  ample  size 
for  the  increased  amount  of  steam  required,  oil  pumps  and 
governing  apparatus  large  enough  to  handle  the  additional 
regulating  niechanisms,  back  pressure  or  check  valves  of 
sturdy  design,  properly  tested  at  stated  intervals,  and  kept 
in  operative  condition,  especially  when  two  or  more  units  are 
in  parallel.  Also,  when  operating  turbines  in  parallel  with 
t  lie  exhaust  from  a  reciprocating  engine,  the  piping  and  regu- 
lating a])])aratus  niusl  be  carefully  arranged  to  avoid  the 
])ulsation  from  tlio  exhaust  which  might  start  hunting  in  the 
i  urbine. 

We  beiieve  more  care  should  be  given  in  the  design  of 
extraction  turbines  in  the  distribution  of  metal  due  to  extra- 
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ordinary  "'m!u'rat  ii  rt、  and  expansion  si  rains,  and  1  all 
valves  aiul  ('mmt、i't ions  aikl  to  t ho  dinicult y  m;uiil;uiiiii"' 
II  vacuum  w i  1 1 1  light'  loads  vv  1  km i  (»pt、n"ini;  slr;ii"'lit  coiulon.s- 
iiig.  A  point  in  Favour  of  oxi  I'act  ion  1  urhiiics  is  the  HlVrt  on 
the  iivorai^^e  load  factor  on  I  lie  l>()il(、r  i 山 mt.  Experience  has 
shown  1  hat  sudden  ovtMlappiiit;  peak  loads  can  be  taken  care 
of  by  siiH|)lv  rhanging  t  he  adjnsi  incut  of  1  lie  extra<'tioii  valves, 
allowing  iiioro  steam  to  be  used  coiulensing  for  a  few  minutes, 
saving  (he  stand-bv  boiler  losses  in  some  cases. 

The  use  of  extraction  turbines  as  coiii])ared  with  recipro- 
cating engines  for  heating  eliminates  many  sources  of  com- 
plaint anci  trouble.  Experience  shows  that  air  vents  require 
less  attention,  traps  require  less  cleaning,  and  meters  are  more 
accurate,  owing  to  the  absence  of  oil  in  the  steam.  There 
is  less  odour  from  air  vents.  Variators  and  valves  require  less 
attention.  There  is  less  nioisture  in  the  steam,  owing  to 
absence  of  initial  cylinder  condensation.  Diaphragm  breakage 
due  to  filling  up  of  lower  parts  of  variators  with  caking  oil 
and  dirt  has  ceased  entirely. 

Radiation  is  more  efficient  because  of  the  absence  of  oil, 
and  the  care  and  attention  of  oil  separators,  traps,  &c.，  at  the 
power  house  is  not  required.  In  a  system  having  over  500,000 
sq.  ft.  of  steam  radiation,  with  about  400  consumers,  this  sys- 
tem being  about  20  years  old,  all  leaks,  meter  readings,  and 
troubles  are  taken  care  of  by  two  men.  This  includes  tests 
for  pressures  and  other  work  foreign  to  legitimate  mainten- 
ance and  operation.  The  cost  of  cleaning  apparatus  decreased 
each  year  after  the  extraction  turbine  superseded  the  recip- 
rocating units  for  heating.  There  have  been  no  complaints 
traced  to  stoppage  in  pipes  and  fittings  during  the  last  year, 
and  the  steam  is  available  in  cooking  processes  in  which  the 
steam  conies  in  direct  contact  with  the  material  to  be  treated. 

Labour  costs  at  the  power  plant  are  less,  as  there  is  no 
oiling  of  engines  and  not  so  many  parts  to  watch.  A  plant 
turning  out  from  900,000  kw.  to  110,000  kw.  per  day  with  300 
miles  of  'higli  tension  lines,  60  miles  of  inter-urban  railway, 
and  500,000  sq.  ft.  of  heating  is  operated  with  one  watch 
engineer  and  one  oiler  per  shift  in  the  engine  room. 
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FUEL  ECONOMY  AT  COLLIERIES.* 

V>Y  V.   F.  MAIKET, 

A  COMPARISON  between  the  heat  units  utilised  at  an  average 
colliery  with  those  utilised  at  an  economical  modern  steam  plant, 
such  as  a  generating  station,  shows  in  a  striking  manner  the  possi- 
bilities of  economy  in  colliery  steam  production  and  utilisation. 
The  writer  from  data  in  his  possession  puts  the  colliery  result  at 
1*7  per  cent,  of  the  heat  units  produced  from  the  fuel  burnt, 
while  at  the  generating  station  8  to  9  per  cent,  are  converted 
into  work.  The  one  result  is  less  than  one-fourth  of  the  other. 
The  conditions  are  so  different  that  it  is  impossible  that  the  same 
result  can  be  attained  at  the  colliery  as  at  the  modern  steam  plant, 
but  some  considerable  leeway  may  be  made  up,  and  it  is  very 
largely  to  point—  out  the  losses  which  now  occur  in  colliery 
plants  that  the  writer  has  devoted  the  ])rescnt  paper.  With  the 
doubling  of  the  wage  bill  the  cost  of  all  cojil  lias  more  tluiii  dmil)led. 
It  has,  therefore,  become  urgent  to  turn  into  \m)\\t  this  coal 
hitherto  lavishly  hunit. 

Sfea  m  Geveratiov  and  Distribution, 一 Of  the  heat  produced  in 
colliery  boilers  only  about  50  per  cent,  is  absorbed  in  the  water. 
This  low  efficiency  is  in  part  due  to  causes  which  would  obtain 
under  the  most  favourable  conditions  ；  but  there  are  other  losses 
which  are  attributable  to  special  bad  conditions  which  frequently 
exist  at  collieries.  In  a  test  from  a  butterv  of  six  Lancashire 
boilers,  hand  fired  with  fuel  of  11,810  B.T.U.  per  pound,  the 
balance  shown  in  Table  1.  was  arrived  at. 

With  lower  classes  of  fuel  there  is  a  tendency  to  increase  the 
excess  air ― no  (lou})t  to  force  combustion.  This  could  be  attained 
by  using  heated  air,  preferably  as  dry  as  possible.  Some  makers 
of  forced-draught  apparatus  claim  a  saving  of  from  15  to  25  per 
cent,,  but  although  the  writer  does  not  l)eliovc  that  these  test 
results  are  maintained,  there  is  little  doubt  that  with  the  lower 
grades  of  fuel  a  ^neater  saving  even  than  this  might  be  attained. 
()n  the  other  liand,  a  saving  of  15  per  cent,  on  low-grade  fuel 
would  not  permit  of  the  same  capital  outlay  as  on  the  same 

*  Abstract  of  pai't'i-,  awardt^d  th->  Ellison  priz(\  read  btjfoi'e  the  Midland 
Institute  of  Minint^,  Civil  and  Mcchauical  Llnginuers,  July 雇 i，  19】6. 
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Deductions. 

Heat  transmitted  per  square  foot  of  hcatin^i-  surface,  per  hour  3,580  B.T.U. 

Weight  of  fuel  per  squaiv  foot  of  urate,  [kt  hour    1,V  1  lbs. 

Water  evaporated  per  pound  of  fiK'l  as  tirxd    (> •  Ofi  ，， 

Equivalent  from  and  at  2)2°  Fah   (>•  75  " 

Air  used  per  pound  of  fuel  as  fired    22-0  " 

Air  theoretically  necessary  for  complete  combustion    9-4  " 

Flue  covers  have  been  tried  with  a  varying  amount  of  success 
with  the  idea  of  preventing  both  the  leakage  of  cold  air  and  the 
radiation  of  heat.  One  of  the  best  of  these  covers  is  the  Lyddon 
pattern,  having  hi^h  non-conducting  properties  to  air  and  heat, 
and  being  practically  impervious  to  moisture.  It  is  provided 
with  a  lip  U)  receive  tlic  covering  from  the  crown  of  the  boiler, 
which  ensures  an  airtight  joint  between  the  two.  A  piain  state- 
ment of  the  actual  loss  in  British  tliennal  units  does  not  always 
appeal  to  the  steam  user  to  the  same  extent  as  the  actual  loss  in 
pounds  of  steam,  coal,  or  £  s.  d.  A  particular  case  in  the  mind 
of  the  writer  is  a  ran，  （if  Sin.  internal  diam.  naked  steam  pipes 
conveying  steam  from  the  boilers  to  an  engine  294ft.  distant  ； 
with  the  temperature  of  307  '  Fah..  which  corresponds  to  the  steam 
pressure,  the  actual  loss  due  to  condensation  is  1  -5 lbs.  per  run 
of  pipe,  and  allowing  34  flanges  each  equal  in  surface  to  1ft.  in 
lengtli  of  pipe  ；  this  represents  4921bs.  of  steam  condensed  in 
transit.  With  such  boilers  as  obtain  in  the  average  colliery,  viz., 
50  ptT  cent,  efficiency,  this  represents  901bs.  of  coal  per  hour. 

The  ideal  material  for  non-conducting  covering  ap])ears  to 
be  "  slag- wool  (or  silicate-cotton),"  both  on  account  of  its  high 
non-conductive  and  non-inflaniniable  properties.  Silicate-cotton 
owes  its  non-conducting  property  to  the  fact  that  it  encloses 
the  greatest  possible  number  mi。n>si' (屮 i('  air  sjM('('s  hy  refrac- 
tory surfaces.  At  a  recent  invcsl  luiil  mn  ini  "1'  tlic  Bureau 
of  Minos,  U.S.A.,  it  was  found  thai  、、- itli  a  non-cunducting  wall 
consist'int^  of  air  space  enclosed  by  two  tiivhrick  walls,  while  there 
was  a  considerable  dro])  in  teinperature  from  one  side  of  the 
firebrick  wall  to  the  other,  the  two  adjacent  surfaces  thereof 
were  practically  the  same  temperature,  proving  clearly  that  air 
in  bulk  is  a  poor  non-conductor  on  account  of  the  convection 
currents  set  up.  This  proves  that  it  is  most  necessary  for  air 
spacoK  to  be  microscopic  in  order  that  they  nmy  still  contain  air. 

Anion;i;st  the  steam  engines  used  at  collieries  the  most  im- 
])()rtunt  arc  the  \vindin<^  engines.  The  load  factor  in  such  an 
engine  is  very  low,  being  in  the  neighbourhood  of  7  to  15  percent" 
depending  on  the  load,  sjxhmI  of  wind,  and  depth  of  shaft.  Mr. 
W.  C.  Mountain  has  shown  that  electric  winders  are  less 
economical  than  steam  winders,  but  they  are  nevertheless  being 
increasingly  adopted  in  Germany,  South  Africa,  and  elsewhere. 
It  occurs  to  the  writer  in  this  connection  that  this  is  a  point  which 
is  open  to  question,  it  not  bei n*i  su  Ificient  to  merely  calculate  the 
horse-powcr-hours  given  out  by  the  winder  for  a  given  consump- 
tion of  steam,  since  this  is  adniittedly  an  extravauaiit  stcum  user, 
but  Hither  to  calculate  the  extent  to  wliicli  windiii^j,  electrically 
will  lower  the  load-factor  on  the  generatini*  ])lunt.  Kloctrical 


88 


THE    MECHANiCAt  ENGINEER. 


[August  4，  1916 


winders,  althouah  absorbinsf  a  very  large  amount  of  ])ower  to 
produce  the  necessary  .starting  torque,  impose  very  short  ])eaks 
on  the  jioneratiii*;  plant. 

Hauling  engines  are  a  class  of  engine  which,  unless  very 
liberally  installed  at  the  outset,  are  usually  working  up  to  their 
full  capacity,  if  they  are  not  overloaded.  If  the  engine  is  drawing 
coal  up  an  incline,  it  is  loaded  up  to  nearly  the  last  tub  it  can 
haul.  With  an  endless-rope  system  of  haulage  the  conditions 
are  somewhat  more  favourable,  and  in  some  cases  expansion 
gear  is  fitted,  but  even  in  such  cases  the  result  is  but  moderately 
economical.  Small  air-driven  haulages  underground  are  always 
most  extravagant  users  of  compressed  air,  which  is,  in  its  turn, 
under  the  most  favourable  conditions,  as  low  in  efficiency  as  25 
per  cent.  The  overall  efficiency  of  such  plant  must  be  exceed- 
ingly low  when  one  takes  into  consideration  the  long  ranges  of 
pipes  feeding  them  and  the  poor  class  of  joints  generally  used. 
The  writer  has  in  mind  a  case  of  a  compressed-air  system  where, 
although  no  leakage  could  be  heard  throughout  the  entire  pipe- 
line, yet  absorbed  1,000  cub.  ft.  of  free  air  per  minute  at  601bs. 
pressure  to  maintain  the  pressure  at  this  figure. 

Prime  movers  for  the  generation  of  ])Ower  take  various  forms, 
from  the  horizontal  slow-speed  engines,  belted  to  generators,  to 
the  modern  high-speed  direct-coupled  type.  Belt-  or  rope-driven 
sets  are  not  recommended  on  account  of  their  low  efficiency, 
inability  to  take  high-peak  loads,  cost  of  upkeep,  and  space 
occupied.  Radiation  losses  are  considerably  higher  for  unit 
power  as  compared  with  the  high-speed  sets,  on  account  of  the 
larger  heated  surface  which  must  be  exposed  to  the  atmosphere 
owing  to  the  lower  speed.  Vertical  high-speed  reciprocating 
sets  have  in  the  last  few  years  reached  a  high  state  of  efficiency 
and  reliability,  and  there  is  little  doubt  that  they  form  the  must 
efficient  steam-driven  prime  iiiover  up  to  about  300  kw.  The 
makers  have  designed  these  engines  that  reversal  of  the  stresses 
is  so  gradual  that  forced  lubrication  is  sufficient  to  keep  the  bear- 
ing surfaces  from  coming  into  contact.  For  powers  above 
500  kw.  there  is  no  question  but  that  turbines  are  the  most 
suitable.  At  almost  every  colliery  there  are  a  large  number  of 
small  steam  engines,  all  probably  uneconomical  in  view  of  their 
small  size  and  the  condensation  in  the  steam  ])ipcs  leading  from 
the  boilers.  There  is  .sometimes  a  big  dioj)  in  the  setaiii  pressure 
with  these  small  units,  and  oftener  a  high  back  pressure. 

Taking  all  these  circumstances  into  consideration,  is  it  not 
inevitable  that  the  cost  of  producing  power  in  collieries  by  the 
use  of  steam  alone  must  be  exceedingly  wasteful,  and  would  be 
much  more  economically  dealt  with  by  electric  motors  ？  It  i-s 
interesting  to  try  to  analyse  how  the  fuel  consumed  is  used,  and 
the  writer  has  taken  out  the  figures  in  the  case  of  WharnclifEe 
Silkstone  Collieries,  the  plant  of  which  was  reported  on  two 
years  ago  by  the  National  Boiler  Insurance  Company.  The  coal 
consumed  over  a  period  of  18  days  was  839  tons,  which  it  was 
calculated  produced  (839  2,240'.  11,840) -22,251  millions  of 
British  thermal  units  under  the  conditions  existing  at  that  time. 
Of  these  heat  units  produced  it  is  calculated  that  1  -7  per  cent, 
were  utilised  in  the  performance  of  useful  work,  the  balance  being 
lost  in  boiler  losses,  radiation,  latent  heat,  inefficient  erifi^iiies,  and 
the  general  conditions  of  opei'ation.  The  demand  lor  ])()wer  was 
very  unfavourable  to  an  economical  result.  The  winding  and 
hauling  entwines  worked  internnttently,  especially  the  former. 
Table  II.  j^ives  the  percentage  of  total  Ixeat  units  al>sorl>ed  】）y 
the  various  engines  : ― 

Table  11, 


Power  used  fnr 


Approximate 
H.R 


Aver- 

Maxi- 

零. 

mum. 

100 

uoo 

Hi 

265 

550 

16 

Air-compressing  - . . . 

200 

350 

24 

Fan  

235 

24 

Other  cnjiim's  .... 

100 

400 

12 

Hours 
per 
day 


( 'Oiistant 
or 

intermittent. 


Per- 
cent- 
age of 
total 
units. 


rniitlciit . 


14- 


\*arial)l('  speed     .  .      1  7 ' 

('on.stant    2(r 

Various    '25  • 


*  'J'hc  liij^li  consumption  of  f  he  various  engines  is  due  to  Ihpir  small  size 
and  ooiKlcnsiitioii  resultin;^  from  long  jjipe  coiineclion.s. 

Sctfpr  for  Cfwdcitmiioft  ntid  (JompouvdiiKi,  ihrhtdimf  Tfirhl nc.s. 
一 Wherever  a  plentiful  -supply  of  iiood  wjitor  is  avail; 山 1('，  coii- 


sideral)le  economy  may  be  effected  from  condensation.  It  is, 
indeed,  essential  where  steam  turbines  are  used,  and  where  the 
water  supply  is  limited  recourse  must  be  had  to  water  coolers. 
Surface  condensers  are  preferred  where  the  condensate  is  required 
for  boiler  feeding  if  the  cooling  water  is  of  a  readily  scaling  or 
corrosive  nature.  The  majority  of  jet  condensers  are  so  arranged 
that  the  removal  of  scale  is  more  easily  performed  than  with 
surface  condensers,  as  there  is  but  a  fraction  of  the  area  to  be 
scaled.  It  is  present-day  practice  to  effect  condensation  in  a 
condenser  of  the  rotary  type  with  which  on  the  accumulation  of 
an  undue  quantity  of  water  in  the  impeller  greater  centrifugal 
force  results,  due  to  the  higher  specific  gravity  of  the  mixture  in 
the  impeller.  With  this  arrajityenient,  provided  the  speed  of  the 
impeller  remains  practically  constant,  no  flooding  back  is  to  be 
feared. 

The  various  types  of  steam  turbines  differ  as  to  the  manner  of 
expanding  the  steam,  and  the  arrangement  which  would  give  the 
best  efficiency  has  had  to  be  more  or  less  modified  to  produce  a 
practical  machine.  Preseiit-dav  practice  is  practically  the  result 
of  a  comproniise  between  such  factors  as  steam  economy,  strentitli, 
cost  of  construction,  size,  weight,  factor  of  safety,  leakage  losses, 
and  steam  temperature.  Up  to  the  present  impulse  turbines  have 
met  with  great  success  on  account  of  their  simple  form,  which  is 
not  liable  to  distortion  with  the  pressure  and  temperature 
necessary  for  their  efficiency.  It  would  appear,  however,  that 
the  reaction  turbines  should  give  better  results  provided  it  were 
possible  to  use  steam  of  the  same  temperature  as  the  impulse 
turbines.  Theoretically,  the  reaction  turbine  is  the  best,  but  the 
impulse  turbine  has  the  advantage  over  the  reaction  type  that  it 
has  no  guide  blades  to  cause  friction,  and  it  occupies  less  space. 

The  U/ Hi. sat  10)1  of  Elect ricitfj  as  a  Means  of  Power  Disirihulion. 
― The  advantages  of  generating  power  on  a  large  scale  have  long 
been  appreciated,  and  in  this  direction  it  has  been  demonstrated 
that  central  stations  are  generally  able  to  provide  power  at  a 
very  low  figure.  This  advantage  must,  however,  be,  to  a  certain 
extent,  discounted  by  reason  of  the  transmission  losses  which 
occur  to  a  greater  or  less  extent,  depending  upon  the  flux  density, 
distance,  and  power  factor.  In  large  central  power  stations 
feeding  a  large  area  the  transmission  losses  are  naturally  greater 
than  if  the  same  area  were  fed  by  a  number  of  smaller  stations, 
and  in  view  of  the  waste-heat  or  coke-oven  gas  available  at 
collieries  it,  is  evident  that  much  economy  might  be  effected  by 
linking  uj.)  a  number  of  power  stations  and  collieries.  Taking, 
for  instance,  the  district  round  Sheffield,  Barnsley,  and  Wake- 
field― if  all  the  collieries  in  this  area  were  linked  up  to  the  central 
power  station,  fuller  use  might  be  made  of  each  generating  plant, 
and  by  reason  of  the  larger  amount  of  power  pooled,  high  peak 
loads  would  have  less  effect  on  the  system.  There  would  not  be 
the  same  necessity  for  spare  plant,  as  in  the  event  of  a  stoppage 
power  could  l)e  drawn  from  the  mains  and  a  surplus  of  power  is 
returned  to  the  power  company's  mains  and  finds  a  market.  The 
cost  per  unit  for  inflowing  and  outflowing  current  could  be 
adjusted  so  as  to  preserve  equilibrium  at  any  desired  point.  With 
a  possible  100  per  cent,  demand  the  maximum  load  on  a  generat- 
'm<i  plant  is  not  more  than  45  per  cent.  If  this  latter  is  true  for 
a'  niaxinuuii  demand  of  100,000  h.p.,  how  much  more  would  it 
apply  when  a  greater  power  were  involved  \ 

das  E/tf/iNcs. ― As  a  means  of  generating  power  tho  gas  engine- 
is  about  equal  in  point  of  cost  with  the  most  modern  type  of  steam 
generator ― including  modern  turbines.  The  comparison  between 
reciprocating  steam  engines  such  as  are  found  at  collieries,  and 
the  low  efficiency  which  has  already  been  referred  to,  shows  an 
immense  waste  of  fuel  and  heat  value.  At  the  Carvillc  Avorks  of 
the  Newcastle  and  District  Electric  Supply  Company  cuiTciit  is 
generated  at  a,  cost  of  0-  132d.  per  unit  prmluced,  and  the  coal 
cost  to  produce  a  unit  is  only  0*  lid.  That  is.  the  coal  cost 
per  horse-povver-hour  is  con.siderably  under  O  ld. 

Where  collieries  have  b*y-】m>du('t  coke  ovens,  the  surplus  gas 
evolved  in  the  coking  process  furnishes  a  source  of  power  which  if 
not  utilised  is  wasted.  With  a  good  class  of  bituminous  coal  and 
regenerator  ovens  50  per  cent,  or  more  of  the  gas  in  the  coal  is 
surplus,  80  far  as  the  heat  required  for  the  coking  process  is  con- 
cerned. At  Wharncliffe  Silkstone  Collieries  with  35  non-generator 
and  15  re<^cncrator  oven's  (tSimon-Carves  system)  1，:K)0  h.p.  are 
being  ol)taiii<'(l  daily  and  utilised  in  "fas  enj^iiics.  If  the  whole 
50  ovens  IkkI  I't't'n  regcnerutor  ovoiis,  1MK)0  h.p.  "vvmild  be 
easily  uvaihihlc  1mm  the  sanic  (juaiitity  of  coal.    The  calorific 
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value  of  tl"、  gas  is  iil)ont 機 B.T.U.,  and  "Uliougli  (linicnlf  ios 
owiiiij  t，>  i\w  Vichnoss  of  (ho  pis  wore  at  tirst  cx|">ri(、n(n、(l  wit  h 
the  j^as  t、i、i^im、s,  thov  liavo  now  boon  ovt、m>im、' 應 1  no  t  rouble 
lias  boon  oxporioiicod  from  this  cnusc  for  somo  liiuc  past.  The 
power  is  ustnl  both  for  gt、m"'ati"g  oltvtricit y  aiul  compn^ssinu- 
air,  as  well  as  for  driving  a  vt'ntiliitiiig  iuii. 

Electricity    800—1,000  II. P. 

Compressed  air    280 ―  300  ，， 

Ventilating  fan    220—  220  ，， 

1,300—1,520  ，， 

If  this  power  had  to  bo  gonoratod  from  steam  on  the  load- 
factor  and  conditions  prevailing,  the  lowest  consumption  which 
could  be  expected  is  some  2JU)s,  of  coal  per  liorse-power-ho\ir, 
which,  with  coal  at  6s.  per  ton,  would  cost  £3,400  per  annum. 
The  actual  saving  was  probaWy  more  than  three  times  that 
amount,  as  a  great  quantity  of  obsolete  plant  was  thereby  stopped, 
the  steam  consumption  of  which  was  much  higher  than  that 
corresponding  with  2ilbs.  of  coal  per  horse-power-hoiir. 

Much  has  been  written  to  prove  that  gas  engines  are 
thoroughly  reliable  machines,  but  such  is  somewhat  cold  comfort 
for  one  who  has  a  troublesome  case  to  handle,  and  it  occurs  to 
the  writer  that  a  few  troubles  from  his  own  experience,  and  the 
remedies  applied,  may  be  useful.  Cylinders  and  piston  rods  are 
always  lubricated  by  fresh  oil,  and  not  more  than  is  sufficient  for 
the  purpose  should  be  used.  Excess  oil  will  form  carbon  with 
the  attending  risk  of  pre-ignition.  Bearings  are  sometimes  fed 
by  drop-feed  lubricators  ；  but,  except  for  the  smaller  sizes  of 
engine,  this  system  is  not  to  be  recommended  on  account  of  the 
high  oil  consumption.  The  method  to  be  preferred  with  large 
engines  is  forced  feed,  so  arranged  as  to  supply  sufficient  oil  to 
flood  the  bearings,  the  drainage  falling  into  the  bedplate,  whence 
it  is  drawn  through  filters,  pumped  through  the  oil  cooler,  and 
returned  to  circulation.  The  oil  consumption  with  this  system 
is  as  low  as  3  gallons  per  24  hours  for  1,000  h.p.,  and  renders  local 
heating  almost  impossible. 

Pre-ignition  may  occur  from  several  causes  :  (1)  Incorrect 
mixture  may  be  so  proportioned  as  to  burn  in  a  manner  more  or 
less  active  (depending  on  the  proportion  of  gas  to  air)  for  a  con- 
siderable time.  In  the  case  of  a  i- cycle  engine,  if  the  mixture  is 
such  that  combustion  continues  during  the  expansion  and  exhaust 
strokes,  the  fresh  charge  drawn  into  the  cylinder  (which  on  the 
same  load  is  identical  in  composition)  meets  the  incandescent 
contents  of  the  cylinder,  and,  in  its  turn,  burns  throughout  the 
inlet  stroke.  This  burning  or  combustion  becomes  far  more 
intense  on  the  compression  stroke,  and  forms  what  the  writer,  for 
the  want  of  a  better  name,  terms  "  false  pre-ignition/'  This 
cannot  really  be  called  "  pre-ignition,"  since  the  cylinder  has 
contained  flame  for  practically  the  whole  cycle.  It  is  but  rarely 
that  this  trouble  is  encountered  except  with  gas  of  a  high  hydrogen 
content,  such  as  coke-oven  or  town  gas.  Dilution  of  the  charge 
with  a  sufficient  quantity  of  inert  gas  is  sufficient  to  overcome  this 
trouble. 

(2)  With  a  multi-cylinder  engine  overload  may  occur,  due  to 
the  refusal  of  some  of  the  cylinders  to  take  up  their  proper  load. 
This  may  be  due  to  a  throttling  of  the  charge  or  misfiring.  The 
importance  of  reliable  ignition  cannot  be  overestimated.  It  is, 
in  fact,  so  important  that  most  makers  tit  ignition  plugs  in  dupli- 
cate, and  some  Thyssen  engines  seen  by  the  writer  at  Zollverein 
Colliery,  at  Caternberg,  were  fitted  with  ignition  in  triplicate. 

(3)  Incandescent  matter  in  the  combustion  chamber  generally 
takes  the  form  of  carbonised  oil,  tar,  and  such  dust  as  is  drawn 
from  the  atmosphere  with  the  inlet  air.  The  presence  of  sulphur 
in  the  gas  will  cause  such  dirt  as  accumulates  to  bind  together  and 
adhere  to  the  cylinder  walls.  Asbestos  joints,  if  allowed  to  pro- 
ject beyond  the  jointing  faces  into  the  cylinder,  are  apt  to  become 
incandescent,  and  are  sufficient  to  cause  pre-ignition.  Over- 
heated ignition  plugs  are  a  common  source  of  trouble,  and  in  this 
connection  the  writer  has  experienced  much  difficulty  with  an 
8-cylinder  vertical  tandem  gas  engine.  This  trouble  has,  it  is 
hoped,  been  permanently  cured  by  the  adoption  of  Lodge  ignition 
plugs,  which  are  mica  insulated. 

(4)  The  regularity  and  reliability  of  the  ignition  is  dependent 
on  the  magneto.  In  the  case  of  a  high-tension  magneto,  with  its 
distributor,  a  very  small  amount  of  carbon,  dust,  or  dirt  is 
sufficient  to  short-circuit  adjacent  terminals,  wliich  would,  of 


('nurse,  causo  ignition  to  occur  at.  an  incorm-f;  time.  It  '\h  inippra- 
1  i  vo  til  at  iii;i*(iH't<)H  should  h"  rcl  iahlc  and  inlloxihly  ("mm，rtn(i 
to  llu'  t  iming'  slutft,  Jis  t  lic  sli^'lit-cst,  cnil  ion  of  j  lie  scfliiig  of 
tlie  magm'tu  rctulcrs  lm>; 丄 'down  iiiiinincnt . 


STRUCTURAL  ALLOY  STEELS,* 

liY  IIKNItY  U.  IIIlUiAUI). 

Structural  steels  have  some  attributes  in  cornnioii,  which 
makes  it  worth  while  to  consider  them  collectively  to  a  certain 
extent.  These  steels  are  working  great  improvements  in  the 
production  of  structures  for  various  purposes,  especially  wliere 
the  saving  of  weight  or  increase  of  strength  or  both  are  irn- 
])()rta!it,  the  most  conspicuous  exain])le  being  undoul)te(]ly  the 
autoinohile  industry.  Heat-treated  alloy  steels  with  double  or 
treble  the  strength  of  the  simple  steels  they  replace  and  with 
as  great  or  greater  reliability  are  now  in  regular  and  most 
advantageous  use.  In  common  with  other  alloy  steels,  struc- 
tural alloy  steels  owe  a  part  of  their  superior  properties  to  the 
presence  of  the  alloying  element,  but  usually  far  more,  to  heat 
treatment  when  it  can  be  given  to  them .  In  automobiles  the 
use  of  alloy  steels  is  generally  not  advised  unless  the  steels  are 
heat  treated,  as  the  gain  from  their  use  in  the  natural  or 
untreated  state  does  not  compensate  for  the  increased  cost. 

Most  structural  alloy  steels  are  therefore  used  in  the  heat- 
treated  condition,  when  the  articles  made  of  them  are,  like 
automobile  parts,  not  too  bulky  or  massive.  Large  pieces  like 
nickel-steel  rails  and  nickel-steel  members  of  bridges  are  used 
without  heat  treatment,  the  advantages  of  increased  strength 
and  ductility  that  the  metal  possesses  being  due  solely  to  tlie 
presence  of  the  alloying  element. 

The  difficulties  attending  the  heat  treatment  of  large  steel 
parts  that  are  bulky  for  their  weight  are  holding  back  their 
general  introduction.  They  require,  as  nearly  as  is  practic- 
able, to  be  uniformly  heated,  uniformly  cooled  in  quenching, 
and  afterward,  when  cold,  to'  be  made  true  to  form,  as  the 
quenching  operation,  however  carefully  done,  usually  leaves 
them  warped  or  twisted .  No  doubt,  in  time,  means  will  be 
found  to  overcome  these  drawbacks,  and  such  pieces  as  rails 
and  bridge  members  of  alloy  steels  will  be  used  regularly  in 
the  heat-treated  condition.  A  compact  object  like  an  armour 
plate,  though  very  large,  may  be  quenched  without  unmanage- 
able warping  because  of  its  simple  shape.  The  difficulty  in 
making  straight  and  true  such  an  article  as  a  heat-treated  rail 
of  pearlitic  alloy  steels  lies  largely  in  the  springiness  of  the 
treated  metal.  It  is  not  easy  to  give  it  the  correct  amount  of 
set  needed  to  counteract  or  obliterate  a  crook,  bend,  or  twist 
that  may  result  from  quenching.  Yet  this  is  necessary  when 
the  piece  must  be  straight  or  true  to  shape.  Stretching 
slightly  beyond  the  elastic  limit  as  is  done  to  some  thin  steel 
sheets  and  relatively  small  bars  to  straighten  them  might  be 
efficacious,  but  is  not  to  be  easily  done  with  a  piece  of  such 
irre.o'ular  cross-section  as  a  rail 

The  effects  of  heat  treatment  are  so  great  that  a  certain 
steel  may  be  given  a  very  wide  range  of  properties,  dependiiis^ 
on  the  treatment,  and  any  desired  set  of  properties  within  that 
range  niav  be  obtained  solely  by  varying  the  heat  treatment. 
The  principal  variant  is  the  degree  of  the  second  heating.  The 
lower  this  is,  the  stronger  and  stiff er  the  steel,  and  the  higher, 
the  weaker  and  more  ductile  it  is.  This  effect  of  heat  treat- 
ment oil  steel  is  illustrated  by  a  table  published  by  a  producer 
giving  the  results  of  40  tensile  tests  made  from  one  heat  of 
steel,  each  test  piece  having  had  a  different  heat  treatnieiit. 
Five,  which  cover  the  range,  are  given  in  the  table  below  : —— 


Tensility. 
Pounds. 

Elastic  limit. 
Pounds. 

Elastic 
r«atio. 
Per  cent. 

Elongation 

in  2in. 
Per  cent. 

Contraction 

of  area. 
Per  cent. 

84,850 

50,500 

00 

^8 

67-5 

120,075 

90,000 

74-5 

14-5 

51 

166,950 

157,500 

94 

12-5 

44 

205,600 

200,000 

97 

\3 

48-7 

240,975 

225,000 

9：^ 

9 

20-5 

Analysis  of  the  original  steel  showed  C，  0'25  ;  Mn,  0-50  ； 
Cr,  1'07  :  and  V,  0'17  p-er  cent.,  but  similar  results  could  he 
obtained  with  a  variety  of  compositions. 

For  making  small  parts  that  must  be  true  and  well  finished 

•  From  a  bulletin  on  *'  Manufacture  and  Uses  of  Alloy  Steels,"  issued  by  the 
United  States  Bureau  of  Mines. 
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the  structural  alloy  steels  are  generally  heat  treated  before 
they  are  machined,  and  this  requirement  prevents  the  use  in 
such  parts  of  steel  of  the  highest  strength  attainable  because 
steel  having  that  strength  is  not  commercially  machinable. 
Generally  speaking,  any  part  that  is  to  have  an  elastic  limit 
of  more  than  100,0001bs.  per  square  inch  must  be  treated  after 
having  been  machined,  not  before,  because  most  steels  having  a 
higher  elastic  limit  than  that  are  too  hard  to  allow  】nacliiuiiig 
by  coMimercial  processes,  though  chronn  vim -vanadium  steels 
with  an  elastic  limit  of  1 50,0001bs.  ])cr  square  inch  are  claimed 
to  be  machinable,  that  is,  they  may  be  cut  with  high-speed 
steels  at  a  profitable  rate.  An  elastic  limit  of  lOO'OOOlbs.  or 
more  per  square  inch  can  be  imparted  to  steel  only  by  heat 
treatment,  as  no  untreated  steel  of  a  commercial  grade  will 
have  so  high  a  limit. 

Some  of  the  makers  of  structural  alloy  steels  are  publishing 
for  eacli  of  their  steels  a  graph  showing  the  physical  properties 
the  steel  will  have  when  hardened  and  then  drawn  to  ditferent 
temperatm'es.  Of  course,  the  graphs  give  ex  parte  informa- 
tion which  is  subject  to  confirniation  before  acceptance,  but 
the  plan  is  excellent  as  giving  the  most  information  in  the 
least,  space .  Similar  graphs  of  many  alloy  steels  prepared  by 
consumers  are  expected  to  be  soon  available  for  comparison. 
From  these  graphs  a  new  user  of  these  steels  may  choose  the 
properties  he  desires  and  specify  the  steel  he  wishes,  making 
some  allowance  of  course  (sav  10  per  cent.)  for  the  uncertain- 
ties of  manufacture  and  treatment.  The  steel  maker  or 
treater,  to  be  reasonably  sure  of  meeting  the  requirements,  will 
aim  to  exceed  the  properties  specified,  and  the  net  result  will 
usually  be  that  the  steel  will  have  practically  the  properties 
desired. 

The  size  or  massiveness  of  the  article  has  a  great  effect  on 
the  results  obtained  by  any  given  heat  treatment.  The 
greater  the  mass  the  lower  the  qualities,  though  not  in  exact 
proportion.  Thus  the  mass  must  always  be  considered  in  con- 
nection with  tlie  properties  desired,  and  the  composition  and 
heat  treatment  prescribed  must  be  modified  accordingly, 
though  even  then  the  effect  of  mass  may  be  only  partly  com- 
pensated for.  The  modulus  of  elasticity  of  many,  if  not  all, 
structural  alloy  steels,  in  common  with  other  steels,  is  not 
changed  much  bv  lieai  treatment  or  variations  in  composition 
and  is  usually  between  28,O00,O001bs.  and  30，000，0001bs.  per 
square  inch  ；  that  is,  the  inoduhis  of  the  steel  in  its  annealed, 
hardened,  and  tempered  condition  remains  practically  un- 
changed. The  foil  awing-  table  was  compiled  from  data  given 
by  Landau. 

Composition  of  Steel 
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Because  of  the  unchaiigeability  of  the  modulus  of  elasticity 
the  stiffness  or  rigidity  of  steel  within  the  elastic  limit  is  not 
changed  either  by  heat  treatment  or  the  presence  of  any  of  the 
alloying  elements,  except  perhaps  manganese'  in  inangaiiese 
steel  and  nickel  in  higli-iiickel  steels.  Heat  treatineiit  does 
increase  the  elasticity,  however,  so  that  a  piece  of  heat-treated 
steel  may  return  to  its  original  form  after  having  endured  a 
stress  that  would  have  permanently  deforrxied  it  in  its  un- 
treated condition  ；  that  is,  it  is  given  some  of  the  springiness 
of  heat-treated  springs.  Many  of  the'  structural  steels,  par- 
ticularly those  used  in  automobile  manufacture,  have  a  great 
endurance  against  fatigue  when  subjected  to  repeated  alter- 
nating stresses.  The  heat  treatineiit  increases  their  durability 
ill  this  test  even  more  noticeably  t  lian  it  does  the  proj)-erties 
determined  bv  the  tensile  test. 


Personal. ― The  Executive  Committee  of  the  City  and  Guilds 
of,  London  Institute  have  appointed  Mr.  W.  Eccles,  D.Sc.， 
A.R.C.S.,  M.I.E.E.,  to  the  Professorship  of  Electrical  Engi- 
neering and  Applied  Physics  at  the  Institute's  Technical 
College,  Finsbury,  rendered  vacant  by  the  recent  death  of  the 
late  Prof.  Silvaiius  P.  Thompson,  F.R.S. 


THE  MYSTERY  OF  THE  SCREW  PROPELLER.* 

BY  CAPTAIN  C.  W.  DYSON,  U.S.N. 

For  Til  any  years  after  the  adoption  of  tlie  screw  propeller 
for  llie  propulsion  of  ships,  the  seeming  vagaries  in  its  per- 
forniaiices  on  actual  service  cast  a  mystery  over  it  and  over 
tlie  laws  governing  its  action.  The  greater  part  of  tliis 
inysteiy  is,  however,  not  due  to  the  propeller,  but  can  be 
directly  attributed  to  tlie  carelessness  with  which  trials  of 
ships  have  been  run  ami  data  collected  ；  and  the  larger  pail 
of  the  remainder  to  the  effect  of  variations  in  full  form  in 
interfering  with  the  proper  flow  of  water  to  the  propeller, 
thus  seriously  decreasing  the  propulsive  efficiency  ：  the  effect 
of  wake  in  increasing  propulsive  efficiency  ;  and  tlie  incorrect 
estimation  of  effective  liorse-])ower  through  】ieglect  in  allow- 
ing for  the  malign  influence  of  the  appendages,  such  as  strul?, 
bilge  keels,  &c.  The  small  remaining  portion  of  tlie  mystery 
can  be  ascribed  to  the  propeller  itself,  and  is  due  to  the 
myriad  variations  in  blade  form  and  section  which  have  been 
used,  and  to  the  lack  of  a  consistent  basis  of  comparison  for 
an  analysis  of  propeller  performances.  As  the  years  rolled 
by  they  brought  in  tlieir  wake  the  model  tank,  by  which  a 
"lore  nearly  accurate  value  of  the  effective  liorse-power  can 
be  obtained  ；  more  accurate  instruments  for  the  measurement 
of  indicated  and  shaft  liorse-powers  ；  better  mechanical  con- 
struction of  propelling  engines  ；  more  care  in  running  trials 
over  tlie  measured  mile,  combined  with  a  better  knowledge 
of  the  effect  of  shallow  water.  These  improvements  have 
resulted  in  the  production  of  data  from  which  curves  may 
be  drawn,  rendering  it  possible  to  estimate  a  curve  of  per- 
formance for  any  vessel  with  more  than  a  fair  degree  of 
accuracy. 

Wlien  a  propeller  works  at  the  stern  of  a  vessel  it  operates 
in  a  body  of  water  which  partakes,  to  a  greater  or  less  degree, 
of  the  forward  movement  of  tlie  vessel  itself.  When  the 
propeller  is  so  situated  that  the  suction  column  of  water 
entering  the  propeller  disc  enters  normal  to  the  disc  and 
with  very  little  disturbance,  and  when  the  propeller  blade 
tips  are  well  immersed  and  pass  the  hull  at  a  good  distance 
from'  it,  tlie  wake  will  increase  tlie  effective  thrust  of  tlie 
propeller,  and  therefore  tlie  effective  horse-power  delivered, 
for  any  given  indicated  or  shaft  horse-power.  This  gain  is 
known  as  wake  gain. 

Should  the  propeller  be  so  situated  in  relation  to  the  hull 
that  the  suction  column  is  no  longer  a  cylinder,  but  becomes 
a  fnistrum  of  a  cone,  tlie  propeller  disc  being  the  upper 
bounding  plane,  or  should  the  propeller  blades  be  insuffi- 
ciently immersed  or  pass  unduly  close  to  the  hull,  or  should 
combinations  of  the  above  conditions  exist,  the  effective 
thrust,  and  consequently  the  effective  liorse-power  for  any 
indicated  or  shaft  horse-power,  will  be  reduced.  This  is 
commonly  called  the  thrust  deduction.  In  cases  wliere  the 
thrust  deduction  exceeds  the  wake  gain ― and  such  cases  are 
those  that  usually  exist ― the  result  is  a  net  loss  in  propulsive 
efficiency  and  an  increase  in  revolutions  for  a  given  speed. 
Where  the  wake  gain  exceeds  the  thrust  deduction,  the  oppo- 
site effects  are  produced. 

All  screw^  propellers  when  working  under  similar  condi- 
tions of  resistance  arrange  themselves  in  one  great  family,  in 
which  the  position  of  any  particular  propeller  was  fixed  by 
its  diameter,  pitch,  and  projected  area  ratio,  tlie  latter  fixing 
the  dimensions  of  the  thrust  and  the  resultant  tip  speed  and 
propulsive  efficiency  which  may  be  expected.  As  the  con- 
dition of  the  resistance  changes,  the  values  of  the  thrusts  and 
tip  speeds  change  in  in  verse  proportion.  Tliese  tlirusts,  tip 
speeds,  and  propulsive  efficiencies  can  be  shown  graphically 
as  curves,  the  abscissai  values  of  wliicli  are  projected  area  ratios, 
and  tlie  family  position  of  any  propeller  can  be  found  by  using 
these  values  to  ascertain  the  indicated  or  shaft  horse-power 
and  tlie  effective  horse-power  which  the  propeller  will  deliver 
under  the  conditions  of  resistance  which  produce  such  curves. 
Curves  of  the  kind  are  given  in  the  author's  work  on  "  Screw 
Propellers/'  but  experience  has  shown  that  higher  values 
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ol*  propul^ivo  I'oeiruMont  ('； m  bo  roalistul  Jihovo  。'.「)（；  pru j<v"'(i 
area  ratio  tluui  were  crodiled  in  the  original  curve. 

At  ono  time  the  author  advanced  the  statement.  t lie 

point  of  ciivitation  depended  upon  tip  speed  ； iml  olTect ivo 
thrust,  lie  now  considers  that  litis  statement  "  in  error, 
and  that  the  words  "tip  speetl  "  sliould  be  eliminated,  I'or 
tlie  tip  speed  at  cavitation  will  vary  with  the  effective  horse- 
power bein^-  delivered,  while  for  equal  effective  thrusts  this 
effective  liorse- power  will  vary  inversely  as  tlie  speed  of  the 
ship,  and  a  cliange  in  oilective  horse-power  carries  with  it  a 
change  ill  revolutions.  Should  a  propeller  working  in  the 
wake  of  a  certain  hull  cavitate  at  a  certain  speed  while  deli- 
vering a  certain  effective  liorse-power,  it  will,  should  the  load- 
ing  of  the  ship  be  changed,  cavitate  at  any  new  speed  where 
the  effective  thrust  delivered  is  the  same  as  that  being  pro- 
duced inuler  the  original  conditions  of  loading. 

In  comparing  estimates  for  vessels  with  their  actual  per- 
formances, the  diiTerence  between  model  tank  conditions  of 
hull  smoothness  and  water  conditions,  and  those  that  actually 
exist  under  trial  conditions  of  the  real  ship,  miisl  be  appre- 
ciated. It  is  hardly  possible  to  obtain  an  exact  similarity  of 
these  conditions,  and  therefore  the  actual  effective  horse- 
power for  the  model  and  ship  may  differ  considerably,  and  a 
difference  between  the  estimate  and  the  actual  performance 
will  thus  bo  produced.  The  principal  causes  of  such  differences 
of  condition  are  roughness  of  ship's  bottom,  adverse  condi- 
tions of  v/ind  and  sea,  undue  shallowness  of  water  on  trial 
course,  poor  helmsmanship,  and  possible  error  in  assuming 
that  the  law  of  comparison  holds  for  hull  appendages.  On 
this  latter  point,  however,  the  estimates  made  where  trial  con- 
ditions were  good  in  all  respects  agree  so  closely  with  the 
actual  performances  that  it  appears  to  be  practically  certain 
that  the  law  of  comparison  does  apply  to  the  hull  appen- 
dages. 

It  has  often  been  noted  in  the  cases  of  large  vessels  driven 
by  turbines  and  by  reciprocating  engines  that  when  the  resist- 
ance for  any  given  speed  is  increased  to  any  extent,  the 
propellers  of  the  reciprocating-engined  vessel  immediately 
demonstrate  a  great  superiority  over  those  of  the  tiirbine- 
engined  one,  and  this  is  still  further  accentuated  when  the 
sea  conditions  impose  an  additional  load  on  the  effective 
horse-power. 

Naval  Constructor  Taylor,  U.S.N.,  has  demonstrated  that 
with  vessels  of  ordinary  battle-ship  form  a  decrease  in  re- 
sistance of  about  1|  per  cent,  occurs  when  the  ship  is 
trimmed  approximately  3ft.  by  the  stern.  This  percentage 
decrease  does  not  constitute  the  only  gain  that  occurs  in  such 
cases,  for  by  so  trimming  ihe  vessel  there  is  a  considerable 
increase  in  wake,  with  a  corresponding  wake  gain  for  the 
propeller,  so  that  the  thrust  deduction  remaining  constant 
there  results  a  large  gain  in  propulsive  efficiency,  made  up 
of  the  two  factors,  decreased  resistance  and  wake  gain. 

The  conclusions  arrived  at  from  an  examination  of  many 
ships'  results  are  ：  (1)  That  the  efficiency  of  a  propeller  is 
seriously  affected  by  its  position  in  relation  to  the  liuU  of  the 
vessel  ；  (2)  that  for  any  given  propeller  working  under  con- 
stant hull  conditions  of  form,  the  effective  horse-power  for 
any  given  engine  power  remains  constant,  and  this  is  inde- 
pendent of  the  speed  of  the  vessel  ；  (3)  that  for  any  given 
propeller  working  under  constant  hull  conditions  of  form,  the 
revolutions  necessary  to  deliver  any  given  effective  horse- 
power vary  with  the  speed  of  ship,  the  engine  power  remain- 
ing constant :  (4)  that  model  tank  effective  horse-power 
curves  are  correct,  and  that  appendage  resistance  varies  ac- 
cording to  the  laws  of  comparison  ；  (5)  that  trials  of  vessels 
over  shallow  water  courses  should  be  prohibited,  as  such 
courses  change  completely  the  character  of  water-flow  to  the 
propeller  ；  (6)  that  deep-water  trials,  by  the  close  agreement 
of  actual  witii  estiinated  results,  demonstrate  the  correctness 
of  above  statenieuts  ；  (7)  that  torsion  meters  and  indicators 
give  accurate  results  on  official  trials,  and  that  the  large 
estimate  of  from  3  to  5  per  cent,  error  usually  credited  to 
these  instruments  is  incorrect,  particularly  at  high  powers  ； 
(8)  that  results  obtained  from  model  tank  experiments  with 
model  propellers  will  be  correct  when  the  model  is  properly 
proportioned  to  the  full-sized  propeller  ；  (9)  that  where  vessels 
are  entered  into  competition  based  upon  relative  efficiencies 


ol"  I  heir  piopcllirif^  m;"'liim'ry，  it  is  a  positive  ci  ior*  ">  l)aHe 
1 1 1  cse  ellirieiicies  upon  spBcd  or  revolutions,  iis  but  h  speed  and 
revolut  ions  per  Diiiiute  for  equal  load,  represented  l>y  e(jU  a  I 
eirective  liorse- powers,  vary  with  the  loading  of  tlie  liull,  foul- 
ness the  ship's  bottom,  weather,  and  »sea,  while  it  shows  iliai 
t he  criterion  for  efficiency  of  propelling  inaclniiery  should  be 
indicated  or  slial'l  liorse-power  developed,  and  that  the  H|)€€d 
of  the  ship  and  revolutions  of  t  lie  propeller  should  be 
neglected. 


NEW  CHARGING  BELL  FOR  BLASTFURNACES. 

We  ixre  indebted  to  the  ''  I  loii  Trade  Review  lor  the  fol- 
lowing particulars  of  a  charging  device  for  blastfurnaces, 
leceiitly  patented  by  Mr.  Julian  Kennedy,  engineer,  Pittsburg. 
The  device  is  designed  to  guide  ami  coiil lol  the  cliari^e  in  such 
a  way  as  to  promote  better  distribution  in  the  furnace. 
Some  of  the  difficulties  experienced  in  seen  ring  imiforni  dis- 
tribution arise  from  wet  stock,  which  will  not  slide  as  readily 
as  dry  material,  from  corrosion  of  portions  of  the  top  of  the 
bell,  the  corroded  parts  offering  greater  resistance  to  passage 
of  the  stock,  or  from  a  lateral  movement  of  the  bell  which 
throws  the  stock  to  one  side,  where  it  remains.  The  details 
of  Mr.  Kennedy's  invention  are  clearly  shown  in  the  accom- 
panying illustrations.  Fig.  3  is  a  vertical  section  through 
one  form  of  the  bell,  and  through  the  feed  hopper  of  a  blast- 
furnace. A  modified  form  of  the  bell  is  shown  in  Fig.  1. 
Fig.  2  is  a  perspective  view  of  the  guides  shown  in  Fig.  1. 
Fig.  4  is  a  vertical  section  through  the  top  of  a  blastfurnace, 
another  form  of  guides  being  connected  to  the  bell.  The 


F»e.  4. 

Charging  Bell  for  Blastpuhnacks. 


guides  or  wings  shown  in  Fig.  2  are  claimed  to  ensure  pro- 
tection from  the  difficulties  mentioned.  The  guides  which 
are  shown  in  Figs.  1  and  2  are  cast  integral  with  the  central 
hub.  They  can  be  rotated  about  the  boss  of  the  bell,  thus 
shifting  the  wings  so  that  unequal  wear  of  the  top  of  the 
bell  is  prevented.  The  stock  passes  between  these  wings,  thus 
being  guided  as  it  falls  into  the  furnace.  The  guides  are  also 
designed  to  retain  the  bell  centrally  within  the  hopper.  In 
the  design  shown  in  Fig.  1，  the  wings  do  not  contact  with  the 
upper  surface  of  the  bell,  so  that  portions  of  the  stock  com- 
mingle between  the  bell  and  the  lower  portion  of  the  guides. 
In  the  design  shown  in  Fig.  3  the  wings  do  not  extend  to  the 
outer  edge  of  the  bell,  permitting  the  stock  to  commingle 
before  falling  into  the  furnace.  Fig.  4  also  shows  the  distri- 
bution which,  according  to  Mr.  Kennedy,  results  from  the 
use  of  the  device.  The  dotted  line  shows  the  irregular  level 
of  the  materials  in  the  fu rnare,  which  frequently  occurs  with 
present  practice. 
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THERMO-ELECTRIC  PROPERTIES  OF  FUSED  METALS. 

Some  ex])eriineiits  on  the  t liernio-eleotric  properties  of  fused 
metals  were  shown  by  Mr.  Chas.  R.  Darling,  A.R.C.S.,  Lecturer 
ill  Physics,  Finsbury  Technical  College,  at  a  meeting  of  the 
Physical  Society  of  London,  on  June  30th.  The  experiments 
shown  related  to  observations  made  during  the  progress  of  a 
research,  having  for  its  object  the  production  of  a  therm o- 
elect ric  pyrometer  with  a  liquid  element.  If  such  a  pyrometer 
could  be  made  of  suitable  materials ― such  as  graphite  and 
molten  copper ― it  might  be  possible  to  extend  the  useful  range 
of  base-met  a  1  pyrometers  up  to  or  beyond  the  melting-  point  of 
platinum,  as  the  boiling  point  of  copper  is  2，31(^  C.  In  seek- 
ing a  satisfactory  couple,  experiments  were  first  made  with 
molten  tin  in  the  following  manner  :  An  iron  crucible  was 
inserted  in  a  hole  in  a  sheet  of  uralite,  so  that  its  rim  was  flush 
with  t he  u])|)er  surface  of  the  sheet.  A  groove  was  made  in 
the  uralite,  commencing  at  the  crucible,  and  the  molten  metal 
was  then  poured  into  the  ci'ucible  until  it  overflowed,  and  then 
along  the  groove,  at  the  end  of  which  a  cold  junction  was 
formed  with  the  second  metal.  A  wire  dipping  into  the 
crucible  formed  the  hot  junction  ;  and  by  this  arrangement  a 
continuous  circuit  was  maintained  between  the  liquid  in  the 
crucible  and  the  solid  in  the  groove.  Advantage  was  taken  of 
this  arrangement'  to  observe  the  effect  of  fusion  on  the 
electromotive  force  developed,  about  which  little  information 
appears  to  exist.  It  was  noted  that  when  tin  was  partnered 
by  iron,  nickel,  copper,  constantan,  or  graphite,  no  abrupt 
change  occurred  at  fusion,  the  electromotive  farce  temperature 
curves  showing  no  break.  Using  iron  and  tin  in.  this  manner 
forms  an  instructive  lecture  experiment.  Starting  from  the 
cold,  the  electromotive  force  rises  steadily  ；  remains  ronstaiit 
durinj^  fusion  at  232°,  and  then  rises  to  a  maximum  at  340°, 
after  which  inversion  takes  place — the  whole  change  occupying 
only  two  or  three  minutes,  when  a  small  crucible  is  used.  On 
； substituting  lead,  zinc,  and  bismuth  in  turn  for  tin,  and  using 
a  variety  of  wires,  it  was  ag^ain  found  that  the  change  of  state 
caused  no  alteration  in  tliermo-electric  properties.  In  the  case 
of  bismuth,  however,  three  instances  of  thermo-electric  "halt" 
were  noticed,  the  electromotive  force  attaining  a  maximiiin 
and  then  remaining  unchaiigred  over  a  considerable  range  of 
temperature.  An  iron-bismuth  couple  reaches  a  maximum  of 
about  18  millivolts  at  about  250。  C.  (M.  Pfc.  of  Bi  =  269),  which 
remains  constant  to  within  3  per  cent,  up  to  550°,  beyond 
which  it  has  not  been  investigated.  Copper  and  bismuth 
behave  in  the  same  nianner,  the  electromotive  force  being 
practically  the  same  as  in  the  former  case  ；  whilst  aluminium 
ami  "bismuth  furnish  a  third  example,  the  electromotive'  force 
(about  15  millivolts)  heing  remarkably  constant  over  a  range 
of  300。.  A  previous  instance  of  this  kind  was  observed  by 
Barrett  with  a  couple  of  pure  iron  and  an  Fe-Ni-Mn  alloy.  A 
suggested  form  of  liquid -element  pyrometer  was  described,  and 
it  was  suggested  that  the  experimental  methods  shown  might 
■prove  useful  in  the  thermal  investigation  of  alloys,  as  the 
formation  of  definite  compounds  would  probably  be  accom- 
panied bv  a  notable  change  in  electromotive  force.  The  steady 
electromotive  force  furnished  by  the  Bi-Al  couple  might  also 
be  used  in  work  in  which  a  constant,  low  electromotive  force 
was  required. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

"Tvvas  there  we  found  him  swearing,  when  we  took  him  underhand , 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 
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Railway  and  Shipping  Freights. 

Amongst  the  various  handicaps  to  British  exporters  that  have 
grown  lip  under  our  Unsxez-fd i re  trade  policy  none  have  been 
more  severe  or  call  more  loudly  for  consideration  at  the 
present  inoment,  when  the  trade  facilities  after  the  war  is  so 
]uoniinently  occupying  the  attention  of  the  authorities,  than 
that  resulting  from  the  special  freight  rates  which  his  German 
competitor  has  enjoyed  both  for  internal  and  overseas  traffic. 
In  Germany  the  extent  which  railways  are  state-owned  no 
doubt  permits  of  this  encouragement  being  more  easily 
accorded  than  here,  where  the  railways  are  entirely  private- 
owned  companies,  which,  whether  working  in  opposition  or 
in  unison  seek,  naturally,  to  serve  their  own  interests 
rather  than  those  of  the  trader.  True,  as  public 
carriers  their  powers  are  subject  to  legislative  control, 
and  the  granting  of  special  export  rates  is  to  some 
extent  regularised,  but  this  is  only  partial  as  couijiared  with 
Germ  an  practice,  where  goods  marked  for  exjxjrt  are  carried 
ou  the  railways  at  approximately  half  the  ordinary  rates 
charged  for  inland  traffic,  and  in  some  cases  are  as  low  as 
one-third  of  one  penny  per  ton  per  mile.  How  t.his  compares 
with  rates  here  is  shown  by  the  fact  that  these  rates  are  lower 
than  our  charges  for  bulked  goods  like  coals  and  minerals. 
Where  special  export  rates  are  granted  to  our  traders  it  is 
usually  on  account  of  shipping  competition  or  because  of  a 
large  export  trade  from  some  particular  nianufacturing  centre, 
not  out  of  any  studied  desire  on  the  part  of  carrying  com- 
panies to  promote  export  or  traders'  interests.  It  is  true  these 
interests  may  be  regarded  as  selfish  individually,  but  in  the 
aggregate  they  are  national  and  there  can  be  no  question 
of  the  need  for  supporting  them  in  the  inevitable  trade 
struggle  after  the  war.  The  anomalies  of  freight  classifica- 
tion at  present  are  mam'，  and  the  fact  tliat  these  have  arisen 
in   many   cases   as   a  result  of  development  in  particular  in- 
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duslries  only  goes  to  show  the  need  that  exists  for  a  more 
flexible  controlling  authority  in  intimate  touch  with  trade  re- 
quirements when  viewed  from  a  national  standpoint.  At 
present  heavy  niachinery,  which  includes  all  kinds  of  engines, 
steal n,  gas,  and  oil,  may  be  rated  under  what  is  termed  mile- 
age ，， scale  instead  of  the  arbitrary  point  to  point  rates  charged 
for  other  machinery.   Now  electrical  machinery  does  not  come 
under   "  mileage  "    classification,   and  hence   in   shipping  a 
turbo-alternalor,  while  the  turbine  inav  be  charged  at  the 
mileage  rate  the  alternator  is  charged  at  the  machinery  rate. 
There  is  of  course  no  valid  reason  for  this  differentiation,  and 
the  anomalies  arising  out  of  it  become  the  more  pronounced 
when  it  is  borne  in  mind  that  the  machinery  rate  is  not  a  fixed 
one  for  all  classes  of  machinery,  but  is  subject  to'  percentage 
additions  on   account  of  weight,  which  introduces  further 
arbitrary  distinctions.    It  is  of  course  easy  to  understand  that 
strict  uniformity  is  not  applicable,  and  that  the  carrier's  task 
may  be  complicated  by  the  nature  and  mass  of  the  load.  But 
that  only  emphasizes  the  need  for  an  elasticity  which  shall  be 
regulated  by  common  sense  and  a  just  appreciation  of  the 
needs  of  the  trader  as  well  as  the  rights  of  tli©  carrier,  and  at 
present  this  is  often  conspicuous  by  its  absence.    An  example 
will  serve  to  illustrate  this.      Suppose,  say,  a  manufacturer 
wishes  to  dispatch  an  alternator  of  which  the  motor  weighs, 
say,  23  tons.    If  the  ordinary  machinery  rat©  is  20s. ，  the 
special  rate  for  this  weight  would  be  30s. ，  or  with  a  rebate 
for  cartage,  say,  27s.  per  ton.    For  an  equivalent  weight  the 
rate  on  the  mileage  scale  would  be  about  half  this.    Hence  we 
have  this  anomaly,  that  while  any  form  of  steam,  gas,  or  oil 
engine  weighing  23  tons  could  be  "^carried  80  miles  for  a  little 
over  £14,  an  alternator  or  part  of  one  of  tlae  same  weight 
would  be  charged  over  £28,  and  this,  it  may  be  added,  is  uot 
an  extreme  case.    For  heavier  pieces  or  longer  distances  the 
handicap  on  electrical  machinery   would   be  even  greater. 
That  a  thorough  overhaul  of  railway  and  shipping  freights  is 
needed  in  justice  to  British  traders  is  as  clear  as  that  the 
operation  of  through  rates  has  in  the  past  greatly  handicapped 
him  in  competition  with  his  German  rival.    The  injustice  is 
one  to  which  the  British  Electrical  and  Allied  Manufacturers' 
Association  is,  we  are  glad  to  say,  fully  alive  and  are  taking 
active  steps  to  remedy,  and  we  hope  in  this  effort  tliey  will  be 
efficiently  backed  by  public  opinion.    The  days'  of  indifference 
and  individual  interests  are  gone  and  must  give  way  to  collec- 
tive action  for  collective  welfare.  " 


TRADE  AFTER  THE  WAR. 

TiiE  following  aniiouncenieni  has  been  issued  by  the  Press 
Bureau  : —— 

The  Prime  Minister  has  appointed  a  committee  to  consider 
the  c'oriynercia】  ami  industrial  j>olicy  to  be  adopted  after  the 
war，  with  special  reference  to  the  conclusions  reached  at  the 
Economic  Conference  of  the  Allies,  and  to  the  following 
questions  ：  (")  What  industries  are  essential  to  the  future 
safety  of  the  nation,  and  what  steps  should  be  taken  to  main- 
tain or  establish  them.  (Ji)  What  steps  should  be  taken  to 
recover  home  and  fore—  trade  lost  during  t.he  war,  and  to 
secure  new  markets,  {c)  To  what  extent  and  by  what  means 
the  resources  of  the  Empire  should  and  can  be  developed. 
"/)  To  what  extent  and  by  what  means  the  sources  of  supply 
within  the  Empire  can  be  prevented  from  falling  under  foreign 
control.  ' 

The  coi 腦 ittee  is  composed  as  follows  ：  The  Right  Hon. 
Lord  Balfour  of  Bi"]ei,gh，  K.T"  G.C.M.G.  (chairman),  Mr. 
Arthur  Balfour,  Mr.  11.  Gosling,  Mr.  W.  A.  S.  Hewins,  M.P.， 
Mr.  A.  H.  Illiiigwort.h,  M.P.，  Sir  J.  P.  Maclay,  Bart.,  the 
Right  Hon.  Sir  A.  Mond,  Bart.,  M.P.,  Mr.  Arthur  Pease 
Mr.  R.  E,  Prothero,  M  P.,  Sir  Frederick  H.  Smith,  Bart., 
Mr.  G.  J.  Wardle,  M.P.,  together  with  the  fol】owim《  gentle- 
men who  are  presiding  over  Boa  id  of  Trade  eoi 瞧" tees  on 
the  positioTi  of  important  industries  after  the  war  :  Sir  H. 
IJirchenoueli,  K.C.M.G.,  Lord  Faringdon,  Sir  C.  G.  Hyde^ 
the  Hon.  Sir  C.  A.  Parsons,  K.C.B.,  F.R.S.,  Lord  Rhondda! 

G.  Sr-obv-Smith.  Mr.  Percy  Ashley,  of  the  Board  of 
Trade,  and  Mr.  G.  C.  Upcott,  of  the  Treasury,  have  been 
appointed  secretaries  to  the  committ^^r  " 


ORIGIN  OF  THE  UNIFLOW  ENGINE. 

In  a  contribution  appearing  in  the  July  issue  of  the  "  Journal 
of  the  American  Society  of  Mechanical  Engineers Mr. 
Wm.  E.  Bullock  states  that  it  is  generally  conceded  that  the 
uniflow  principle  was  invented  in  England  by  L.  J.  Todd, 
who  took  out  his  patent  for  this  invention  in  1886.  Appa- 
rently Todd's  invention  was  never  put  into  practice,  but  on 
December  10th,  1895，  the  two  brothers  Cleveland  took  out 
an  American  patent  for  a  uiiiflow  cylinder,  which  was  first 
put  on  a  traction  engine  and  later  on  locomotive  No.  59  of 
the  Canadian  Intercolonial  Railway.  Some  time  since  the 
writer  had  occasion  to  look  into  the  history  of  the  uniflow 
engine,  and  found  an  early  American  patent  showing, 
although  not  claiming,  the  uniflow  principle.  The  date  of 
this  patent  was  November  12th,  1867,  and  the  patent  was 
granted  John  M.  Hirliiiger  for  an  improvement  in  steam 
engines  (U.S.  patent  No.  70,841).  Hirlinger's  invention  is 
shown  in  the  accompanying  cut.  It  consists  of  a  steam 
cylinder  A,  with  both  ends  permanently  closed.  Upon  one 
side  is  formed  a  V-shaped  channel,  in  which  works  a  simi- 
larly-shaped slide  H.    G  is  a  bolt  which  passes  through  H，  and 

D、 


叭、、 、 、八、 H,  KS^^sssssa 


View  of  Cylinder  working  on  Uniflow  Principle  Invented  in  1867. 

has  its  inner  end  secured  fast  in  the  piston  B.  The  steam 
chest  has  within  it  a  cut-off  valve  D，  which  has  on  its  under 
side  a  pin  E，  extending  into  the  cylinder  into  the  recess  C 
in  the  piston.  The  valve  D  has  two  steam  openings  commu- 
nicating with  the  steam  ways  a\  r/,  which  admit  steam  to  the 
cylinder.  The  playing  of  the  piston  in  the  cylinder  causes 
tlie  valve  to  move  so  as  to  admit  steam  at  each  end.  This 
arrangement  of  valve  with  its  pin  and  the  piston  with  its 
recess  dispenses  with  the  necessity  of  having  cams  and  rods 
for  working  the  valve.  The  steam,  wlien  exhausted,  escapes 
through  the  openings  x  x  and  d  at  the  under  side  of  the 
cylinder.  As  stated  above,  tlie  inventor  did  not  claim  the 
embodiment  of  the  uniflow  principle,  from  which  we  must 
assume  that  the  idea  of  exhausting  the  steam  from  a  cylinder 
tlirougli  ports  at  or  near  the  centre  of  its  length,  and  of  con- 
trolling the  opening  of  the  exhaust  ports  by  tlie  ends  of  the 
piston,  was  not  patentable  (had  already  been  utilised)  in 
1867,  or  was  not  regarded  as  of  sufficient  merit  to  warrant 
protection  by  a  patent. 


Engineering  Standards  Committee. —At  a  special  meeting  of 
the  Main  Committee  (Sir  John  Wolfe  Barry,  K.C.B.,  chair- 
man) held  on  July  27th  last,  Mr.  Charles  le  Maistre, 
A.M.Inst.C.E.,  M.Inst. RE. ，  who'  has  been  in  charge  of  the 
work  of  tlie  Klectrical  Section  since  1903,  was  appointed  secre- 
tary to  the  committee,  in  succession  to  the  late  Leslie  S. 
Robertson,  M.Inst.C.E.,  who  was  lost,  with  Lord  Kitchener 
in  the  disaster  to  H.M.S.  "  Hampshire," 
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COAL  RESOURCES  OF  THE  UNITED  KINGDOM.* 

liV  AHNOM)  I'm, TON,   K. (；. S. 

At  tlio  outset  I  propose  to  establish  the  truth  of  the  t'ollowiii"' 
statements:  (1)  Ttiat  (lie  coal  resources  of  the  United  King- 
dom are  sufficient  for  its  domestic  requirements  and  foreign 
export,  and  that  there  is  no  occasion  for  legislators  to  trouble 
themselves  as  to  our  future  resources  of  fuel.  (2)  That  the 
I'oal  resources  of  the  rest  of  the  world,  though  vast  in  pro- 
portion to  those  of  the  British  Tsles,  are  not  larger  in  regard 
to  the  area  of  land  which  now  or  in  the  near  future  tliey  liave 
to  supplv,  and  that  therefore  the  exhaustion  of  the  coalfields 
of  the  rest  of  the  world  will  proceed  at  much  the  same  rate  as 
those  of  the  United  Kingdom.  (3)  That  there  are  other 
sources  of  power  and  heat  sufficient  to  take  the  place  of  coal 
ill  the  United  Kingdom  and  other  parts  of  the  world,  although 
they  cannot,  at  the  present  time,  except  in  certain  localities 
and  for  certain  purposes,  compete  with  cheap  coal.  (4)  That 
during  the  cheap  coal  period  an  abundant  supply  of  metals 
will  be  mined  and  smelted,  so  that  witli  prudent  care  they 
will  be  sufficient  for  tlie  use  of  later  generations  with  compara- 
tively small  renewals  by  further  mining  and  smelting. 

Mv  attention  was  first  directed  to  the  question  of  the  dura- 
tion of  our  coal  supplies  by  speeches  made  by  the  then  Sir 
William  Armstrong  and  Mr.  Hussey  Vivian,  M.P.  Armstrong 
said  that  our  reserves  of  coal  were  being  rapidly  exhausted  ： 
Hussey  Vivian  replied  that  they  were  ample.  In  1866  the 
Government  appointed  the  Royal  Coal  Commission  to  enquire 
into  the  amount  of  our  reserves  of  coal  and  their  probable 
duration,  aud  in  1871  the  Commission  delivered  the  report, 
which  was  replete  with  information  of  the  greatest  value.  In 
1901  the  second  Royal  Coal  Commission  was  appointed,  which 
reported  in  1905  ；  this  report  also  contained  a  great  deal  of 
information.  The  eminent  geologist,  Prof.  Hull,  wrote  a  book 
dealing  with  our  coal  resources,  and  the  late  Prof.  Stanley 
Jevons  made  a  most  valuable  contribution  on  the  economic 
aspects  of  the  question.  He  developed  the  remarkable  and 
startling  proposition  ：  That  the  more  economy  was  practised 
in  the  use  of  coal,  the  more  would  its  consumption  increase, 
because  economy  in  its  use  made  that  use  more  profitable. 
The  experience  of  the  40  or  50  years  following  the  issue  of  that 
book  had  amply  demonstrated  the  truth  of  that  proposition. 
In  considering  the  effect  of  increase  of  population  upon  the 
increased  consumption  of  coal,  the  first  Royal  Commission 
consulted  the  eminent  engineer,  Mr.  Richard  Price  Williams, 
M.Inst.C.E,,  who  drew  a  curve  showing  the  probable  increase 
of  consumption  at  a  diminishing  ratio.  The  subsequently 
ascertained  facts  had  proved  the  substantial  accuracy  of 
Richard  Price  Williams'  prediction. 

The  Royal  Commission  reporting  in  1871  gave  the  total 
amount  of  coal,  the  existence  of  which  it  considered  to  be 
absolutely  proved  in  seams  1ft.  and  more  in  thickness  at  a 
depth  not  exceeding  4,000ft.,  as  97,528,000,000  tons.  In 
addition,  the  geologists  considered  to  be  probable  at  a  depth 
of  less  than  4,000ft.  a  quantity  of  56,246,000,000  tons,  making 
a  total  of  153,774,000,000  tons.  The  commission  which  re- 
ported in  1905  gave  the  total  which  it  considered  to  be  abso- 
lutely proved  in  seams  of  1ft.  and  more  in  thickness  above  the 
depth  of  4,000ft.  as  100,914,000,000,  and  below  that  depth 
an  additional  quantity  of  5,239,000,000  tons  ；  and  the  Geologi- 
cal Committee  reported  a  further  quantity  at  depths  less 
tlian  4,000ft.  of  39,483,000,000,  making  a  total  of 
145,636,000,000.  Between  the  two  reports  upwards  of 
5,695,000,000  tons  of  coal  had  been  got.  If  this  is  added  to 
the  145,636,000,000  above  given  we  get  a  total  of 
151,331,000,000  tons,  wliicli  is  about  U  per  cent,  less  than  the 
estimate  of  the  earlier  conimission.  It  is,  however,  uii fortu- 
nate that  ill  both  the  commissions  the  summary  totals  given 
ill  the  general  reports  are  not  so  much  statements  of  facts  as 
statements  of  opinion,  because  the  figures  above  quoted  are 
not  the  actual  tonnages  of  coal  supposed  to  be  in  the  earth, 
but  the  actual  tonnages  which  the  commissioners  believed 
might  some  day  be  raised  to  the  surface,  and  how  they  arrived 
at  the  figures  which  are  given  cannot  be  gathered  with  exact 
precision  from  tlio  reports. 

•  Paper  read  before  the  South  Wales  I&Btitute  of  Engineers,  July  27th,  1916. 


Tn  the  1871  report.  Mr.  1 1  usscy  Vivian,  ropori  in^  on  t  lie 
western  part  of  t he  coalfield  of  Soul li  Wales,  (loducl<!(J  ouo- 
！! lird  tor  fan  lis,  pillars,  barriers,  and  small  coal  left,  hdiiml. 
W  r.  C'larko  deducted  I  he  same  proportion  f rorn  the  ea,st  e rn 
part  of  the  Soutli  Wales  coalfield.  Mr.  Woodliouse,  in  giving 
t  he  report  for  Yorkshire,  Derbyshire,  Notl  inglianisliire, 
Leicestershire,  and  Warwickshire,  deducted  44  per  cent. 

In  the  report  of  1905  deductions  varying  from  18  to  26  per 
cent,  are  made  on  accou nt  of  barriers  and  pillars  for  the 
support  of  buildings  and  loss  in  working  due  to  faults  ami 
other  iiat ural  causes,  but  nothing  is  said  in  the  general  report 
about  deductions  for  waste  in  working,  and  no  details  are 
given  for  the  Yorkshire,  Derbyshire,  and  Nottinghamshire 
districts  as  to  the  deductions,  Tn  the  case  of  Soutli  Wales, 
however,  the  deductions  are  given  by  the  late  Lord  Mertliyr 
(then  Sir  Wm.  Thomas  Lewis),  and  apparently  amount  to 
about  21  per  cent.  In  Scotland,  according  to  the  report  of 
Mr.  G.  S.  Dixon,  26  per  cent,  has  been  deducted.  For 
Northu  mberland,  Durham,  and  Cumberland,  Sir  Lindsay 
Wood  has  made  deductions  varying  from  20  to  30  per  cent. 
For  Yorkshire,  Nottinghamshire,  and  Derbyshire,  Mr.  A. 
Currer  Briggs  makes  deductions  varying  from  33  to  58  per 
cent.  What  deductions  the  geologists  have  made  in  the  1905 
report  is  not  clear.  It  appears  to  be  pretty  certain  that  on 
the  average  the  commissioners  have  taken  not  less  than  40 
per  cent,  off  the  estimate  of  coal  available. 

The  waste  of  coal  which  may  have  been  necessary  when  the 
average  price  of  coal  free  on  board  ship  was  10s.  a  ton  may 
be  quite  unnecessary  when  the  average  price  is  20s.  a  ton，  and 
most  improbable  when  the  average  price  is  40s.  a  ton  :  and 
yet  we  have  to  bear  in  mind  the  fact  that  the  time  will  come 
when  the  average  price  of  coal  at  the  pit  top  will  be  £2  or  £3 
a  ton.  With  coal  at  these  high  prices,  under  ordinary  condi- 
tions of  trade  and  labour  it  would  pay  to  pick  up  by  hand 
every  pound  of  coal  in  the  mine  and  carefully  to  sift  the  dirt 
from  the  slack.  When  coal  is  cheap,  a  fault  may  render  it- 
impossible  to  reach  a  small  area  of  coal  ；  when  coal  is  dear, 
small  faults  will  be  no  hindrance  to  the  workings.  When  coal 
is  dear,  barriers  of  coal  will  no  longer  be  left  between  adjoin- 
ing properties  unless  to  keep  back  water,  and  even  as  regards 
those,  the  time  may  come  when  barriers  of  cement  concrete 
will  be  substituted  for  coal,  as  being  cheaper.  Therefore, 
when  coal  becomes  expensive  it  is  not  likely  that  there  will 
be  any  waste  of  coal  at  all,  and  not  1  per  cent,  of  it  will  be 
left  in  the  ground. 

As  regards  the  small  coal  that  is  now  left  in  working  and 
the  inferior  portions  of  thick  seams  and  unnecessary  barriers, 
this  is  now  called  "  waste  in  working,"  but  it  is  not  really 
waste  from  the  point  of  view  of  national  resources  in  the 
future.  The  small  and  otherwise  inferior  coal  which  is  now 
left  in  the  pit  is  really  stored  up  there  for  future  use,  and 
the  day  will  come  when  miners  will  work  over  the  old  coal 
workings  for  slack  and  inferior  coal,  and  it  will  all  be  brought 
out  and  utilised. 

The  Royal  Commissions,  in  deciding  to  take  no  accou  nt  of 
seams  below  1ft.  iu  thickness,  were  guided  by  the  experience 
of  the  past,  but  in  considering  the  future,  the  past  of  cheap 
coal  is  no  guide  as  to  what  will  be  done  in  the  future  with  coal 
at  £3  a  ton.  Coal  has  already  been  worked  in  seams  as  thin  as 
1ft.  where  it  happens  to  have  some  specially  excellent  quality 
or  a  high-priced  local  market  ；  but  with  coal  at  40s.  a  ton  on 
the  pit  bank,  a  seam  Sin.  in  thickness  might  be  got,  and  at 
60s.  a  ton  it  might  be  possible  to  work  a  seam  only  2in.  in 
thickness.  Therefore,  in  forecasting  the  future  and  in  con- 
sidering what  our  mineral  resources  will  be  500  to  1 ,000  years 
hence,  we  must  take  into  consideration  all  the  coal  there  is. 

Since  the  Royal  Commissions  reported  the  Kent  coalfield 
has  been  extensively  proved,  and  there  is  every  reason  to 
believe  that  other  considerable  coalfields  are  likely  to  be  proved 
in  hitherto  unexplored  parts  of  England  where  possible  coal 
ineasures  are  covered  with  newer  formations.  Coal  workings 
have  already  reached  a  depth  of  4,000ft.  in  some  places,  and 
if  the  price  of  coal  were  high  enough,  coal  might  be  got  from 
a  depth  of  10,000ft.  The  temperature  of  the  earth  at  that 
depth  would  be  perhaps  212。  Fah.,  but  with  a  strong  ven- 
tilating current  the  miners  could  be  kept  cool  whilst  working. 
The  experience  gained  at  present  depths  seems  to  show  that,  as 
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the  depth  and  pressure  increase,  the  rocks  also  will  acquire  a 
sufficient  strength  to  resist  the  pressure,  so  that  coal  may 
be  got  in  the  ordinary  way. 

The  report  of  the  commission  in  1871  is  in  some  respects 
more  convenient  for  correction  than  that  of  1905.  Therefore, 
the  figures  of  that  report  are  taken  as  a  basis,  and  instead  of 
allowing  40  per  cent,  or  more  for  waste  in  working,  only  4 
per  cent,  is  admitted,  raising  the  available  percentage  from 
60  to  96  per  cent.,  that  is  to  say,  by  60  per  cent.  An  exami- 
nation of  many  sections  of  coal  indicates  that  not  less  than 
10  per  cent,  may  be  added  to  the  total  tonnage  of  thicker 
coals,  for  coals  under  1ft.  thick.  For  the  coalfield  of  South- 
east Kent  and  other  pofssible  coalfields  in  the  South  of  Eng- 
land not  yet  proved,  16,000,000,000  tons  is  added.  For  pos- 
sible extensions  of  the  Yorkshire  and  Nottinghamshire  coal- 
field beyond  the  limit  made  in  1871，  10,000,000,000  is  added. 

It  will  be  interesting  to  refer  to  the  great  coalfield  of  South 
Wales.  According  to  the  1905  commission  the  total  tonnage 
of  coal  at  that  time  in  reserve  was  about  35,700,000,000  tons. 
Adding  10  per  cent,  for  coal  under  1ft.  thick,  we  get 
3,570,000,000  tons,  or  a  total  of  39,270,000,000  tons.  Revising 
the  deductions  in  that  report  and  substituting  a  total  deduc- 
tion for  losses  of  all  kinds  of  3,000,000,000  tons,  we  have  left 
36,270,000,000  tons.  Deducting  coal  got  from  December, 
1903，  to  December,  1915，  about  580,000,000  tons,  the  total  of 
Welsh  coa】  in  reserve  is  shown  to  be  35,690,000,000  tons. 
With  an  output  of,  say,  60,000,000  tons  a  year,  this  would 
last  595  years.  But  the  maximum  output,  whatever  it  is, 
60,000,000  or  120,000,000  tons  a  year,  will  not  be  maintained 
to  the  end,  but.  will  gradually  decline.  Men  will  be  working 
coal  in  South  Wales  5,000  years  hence. 

There  is  a  strong  probability  that  coal  will  be  found  in 
the  concealed  coalfields  at  a  greater  depth  than  4,000ft.,  and 
as  there  is  no  reason  for  limiting  the  estimate  to  that  depth, 
an  addition  is  made  for  these  deeper  coals.  Therefore  the 
1871  figures  for  deep  coal  are  adopted.  With  these  correc- 
tions, the  tonnage  available  in  1871  appears  as  in  the  follow- 
ing table : — 

Millions 


Exposed  coalfield    90,207 

"          ，，          over  4,00()ft.  deep    7,320 

Covered  coalfield  proved  and  probable    56,182 

，，           ，，            ，，       4.000  to  6,0()0ft.  deep    25,840 

，，           ，，            "       6,000  to  10,()()0ft.  deep    15,302 


Total    194,852 

Add  GO  per  cent,  for  reduced  waste  in  working    116,91】 

Add  10  per  cent,  for  coals  under  1ft.  thick    31,176 

Add  for  coalfield  of  South-east  Kent  and  other  possible 

South  of  England  coalfields    丄 

Add  lor  possible  extensions  of  Yorkshire  and  Nottingham- 
shire coalfield  beyond  the  1871  limit    10,000 


Total    368，939 

Deduct  coal  got  since  1871  report    8,817 


Coal  remaining  to  get  in  1916   about  360,000 

In  t.he  United  Kingdom  the  amount  of  coal  raised  in  1913, 
the  last  pre-war  year,  was  287,000,000  ions,  as  compared  with 
23f),000,O00  in  1903,  and  188,000,000  in  1894  (1893  was  a 
strike  year),  j  60,000,000  in  1884，  and  126,000,000  in  1874. 

Tonnages.  Increases  in 
Ten  years. 

1874                     126,0(XJ,0f)O    ― 

1884                      ]00,0(J(),()()(J    34,00(),0()() 

1894                     188.00().()0()    28,{)()(),()(K) 

1903                     2'W)Ua  (請    42,0()(MM>(> 

1913                     287,U(K),(K)()    r)7，(XlO，00() 

Having  regard  to  the  character  of  the  new  collieries 
recently  established  and  about  to  be  established  in  parts  of 
Great  Britain,  there  is  every  reason  to  suppose  lliat  the  next 
decade  will  show  a  great  increase  in  coal  production  ；  that  is 
to  say,  it  would  show  this  great  increase  if  we  assume  that 
the  war  will  make  no  difference.  It  is,  therefore,  highly  pro- 
bable that  the  annual  tonnage  raised  in  this  country  will 
continue  to  increase  until  it  has  reached  the  figure  of 
350,000,000  or  even  400,000,000  tons  a  year. 


For  the  purpose  of  argument,  it  is  necessary  to  put  a  limit 
to  the  increase  of  production,  and  putting  that  at  bet^veen 
350,000,000  and  400,000,000  tons  a  year,  at  that  rate  our  coal 
would  be  exhausted  in  800  to  1,000  years  from  the  present 
date.  This  period  is  but  short  in  the  history  of  the  wo  rid, 
but  it,  is  long  having  regard  to  the  history  of  the  civilisation 
of  this  country,  and  the  future  is  filled  with  so  many  possi- 
bilities that  it  would  be  presumptuous  to  make  oneself  anxious 
because  of  changes  in  our  material  resources  at  that  dis- 
tant date.  Our  coal,  however,  will  never  be  worked  out 
entirely.  Its  price  lias  been  steadily  increasing  for  some  years 
and,  quite  apart  from  the  abnormal  conditions  of  a  war,  the 
price  is  likely  to  continue  to  increase  and  also  the  cost  of 
getting,  and  when  we  come  to  work  very  thin  seams  at'  very 
great  depths,  the  cost  per  ton  will  be  three  times  what  it  is 
now.  As  the  cost  of  coal  increases  the  use  of  substitutes  for 
coal  will  increase  so  that  the  time  will  come  when  these  substi- 
tutes will  be  very  largely  used  and  coal  will  be  reserved  for 
special  purposes  and  special  occasions,  so  that  it  will  never 
really  be  exhausted. 

The  following  table  gives  in  roughly  approximate  figures 
the  area  in  square  miles  of  the  various  divisions  of  the  world, 
the  population  of  each  division,  and  the  possible  area  occupied 
by  coalfields  in  each  division.  The  amount  of  coal  in  the  five 
divisions  of  the  world  is  taken  from  "  The  Coal  Resources 
of  the  World,"  published  by  Moraiig  &  Co"  Ltd.,  Toronto, 
Canada,  in  1913.  The  amount  in  the  United  Kingdom  and 
the  populations  are  the  author's  own  estimates:  —— 


a  lid  】*ossihff'  Brscrrcs;  "f  (\kiL 

111  million  tons. 

Populations. 

Oceania   

170,410 

10,000,000 

Asia   

1— 1 

80(),()()0,000 

Africa   

57,839 

20(),(X)(),000 

America   

5,105,528 

15(),()(H),000 

Europe   

i-H 

00 

390,000,000 

7,397.553 

1,550,000,000 

United  Kingdom 

360,000 

48,000,000 

Kcscrvr  of  C 

ml  per  II end  of 

I'opulat'ion. 

United  Kingdom 

  7,500  tons. 

Europe    2,000  ，， 

The  whole  world    4,772  ，， 

The  total  annual  output  of  coal  in  the  whole  world  before 
the  war  was  probably  about  1,200  million  tons.  From  the  above 
table  some  rough  idea  may  be  obtained  of  the  relations  of 
the  United  Kingdom  with  the  other  parts  of  the  world.  As 
regards  many  parts,  their  coalfields  are  yet  substantially  in- 
tact. This  applies  to  China  and  some  other  parts  of  Asia, 
South  America,  Australasia,  and  Africa,  whereas  our  coalfields 
have  been  worked  for  hundreds  of  years,  and  during  the  last 
hundred  years  with  great  vigour.  But  notwithstanding  that, 
tiie  United  Kingdom  has  to-day  97  per  cent,  of  its  original 
reserves  still  intact. 

The  annual  production  of  the  United  State's  is  already 
about  double  ours  ；  China  is  vigorously  engaged  in  the 
constrm'tiou  of  railways  and  other  mechanical  works, 
so  is  A  list  ralasia,  so  that  as  regards  t  he  exhaust  ion 
of  coalfieldt^  the  various  countries  of  the  world 
start  in  the  twentieth  century  upon  much  the  same 
basis,  and  if  in  the  United  Kingdom  coal  is  exhausted 
sooner  than  elsewhere,  it  will  be  because  the  rapid  increase 
and  vigour  of  our  population  has  enabled  us  to  make  better 
use  of  our  property.  And  if  we  convert  a  due  proportion  of 
our  coal  into  permanent  works  enabling  us  to  utilise  other 
sources  of  energy,  we  need  have  no  fear  for  the  future. 

Practically  almost  all  the  coal  in  the  United  Kingdom  is 
of  first-class  quality.  Here  and  there  is  a  seam  with  an  undue 
proportion  of  sulphur  or  of  dirt,  but  thai  is  quite  the  excep- 
tion. The  variation  in  quality  in  the  coals  worked  to-day 
which  makes  all  the  difference  in  tlie  market  price,  considered 
chemically  or  in  it.:i  capacity  for  the  production  of  heat,  is 
very  slight  :  so  t hat  taking  a  wide  view  of  the  question,  we 
may  say  that  all  out*  coals  are  of  first-rate  quality,  and  having 
regard  to  the  future,  the  chief  difference  between  one  seam 
of  coal  and  another  will  be  in  its  thickness,  inclination,  and 
liardiiess,  questions  affecting  cost  of  getting  more  than  its 
usefulness  when  got. 
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In  tH)iisidering  our  competition  with  China,  it  is  not'  likely 
that  tlu>  I'luuii^o  from  a  I  ft.  soam  to  a  2t'l.  seam  will  very 
iiKitorialty  alTtH't  the  rolat  ions  of  the  compel  it  ion,  and  at  a  still 
later  tiate  it,  is  not  likely  that  the  fliaii"'e  fro  in  a  2ft.  seani 
t.o  a  1  ft.  seam  will,  at  t  li;it  lime,  inalerially  alVec't  the  relalioiis 
of  tlie  compel  it  ion. 

If  all  (he  coal  raiseci  was  used  to  produce  power,  then  the 
world's  coal  production  of  1/200,000,000  tons  a  year,  if  con- 
sumed in  300  days,  each  24  hours  long,  and  assuming  thai 
I  ^Ibs.  will  give  1  b.h.p.  for  one  hour,  or  say  2,000  b.li.p.  for 
oiie  ton  for  one  hour,  it  would  give  330,000,000  b.h.p.  ；  or  if 
、ve  assume  that  all  the  coal  was  coiisiuned  each  day  in  10 
hours,  it  would  give  800,000,000  b.h.p. 

We  may  calculate  the  coal  production  in  the  near  future 
as  equal  to  1,000,000  tons  for  every  day  iii  the  year  except 
Sundays  and  holidays,  or  in  round  figures,  and  taking  a  day 
as  being  24  hours  long,  40,000  tons  an  hour.  If  we  consider 
that  1  ton  will  produce  2,000  h.p.  in  the  very  best  engine  for 
one  hour,  calculating  that  1-^lbs.  of  fuel  per  hour  will  give 
I  b.h.p.,  that  gives  us  a  total  power  of  80,000,000  h.p.  day 
and  niglit  all  the  year  round  (except  Sundays),  if  all  the  coal 
we  raised  was  used  for  the  production  of  power,  or  if  all  con- 
puniecl  ill  10  hours  would  give  192,000,000  b.h.p.  Of  course, 
the  coal  will  not  all  be  used  in  the  form  of  engine  power,  but 
in  a  great  variety  of  processes  of  which  engine  power  is  only 
one.  In  an  exoeedingl}-  interesting  and  instructive  address 
by  Dr.  Dugald  Clerk,  F.R.S.,  he  has  stated  the  total  horse- 
power produced  by  coal  in  the  world  at  the  present  time  as 
follows  ：  World's  factories,  60,000,000  h.p.  ;  world's  railways, 
19,000,000  h.p.  ;  world's  ships,  23， 細， 000  h.p.  ；  total, 
102,000,000  h.p. 

Tiiere  is  no  doubt  that  economies  in  the  use  of  coal  will 
continue  to  be  devised  and  adopted  in  a  great  variety  of  ways. 
For  instance,  in  warming  and  cooking  in  our  houses  two-thirds 
of  the  present  fuel  consumption  might  be  saved.  Probably 
half  the  fuel  consumed  in  factory  engines  can  be  saved,  and 
it  is  likely  that  in  the  course  of  100  years  from  now  we  shall, 
on  the  average,  get  from  coal  three  times  the  average  useful 
effect  we  get  from  it  now,  so  that  the  population  of  this  island 
might  be  more  than  doubled  without  it  being  necessary  to 
consume  more  coal  than  we  consume  at  present. 

In  talking  of  the  coal  question,  it  is  common  to  hear  people 
say  that  we  must  consider  natural  gas  and  petroleum,  but 
there  is  no  evidence  to  suppose  that  these  useful  fuels  will 
outlast  the  coal  reserves  of  the  world,  and  indeed,  that  except 
as  production  from  shales,  it  is  not  likely  that  they  will  last 
i>o  long. 

The  total  amount  of  water  power  in  the  world  has  been 
estimated  by  A.  H.  Gibson  (Professor  of  Engineering  in  the 
University  of  St.  Andrews)  at  "  well  over  200,000,000  h.p.,  or 
more  than  enough  to  provide  mechanical  energy  for  the  whole 
present  work  of  tliQ  world, ，，  an  estimate  not  at  all  excessive. 
Eminent  engineers  have  estimated  the  available  water  power 
ill  Scotland  at  1,000,000  h.p.,  and  it  is  probable  that  the 
remainder  of  the  United  Kingdom  could  furnish,  if  necessary, 
another  1,000,000  h.p. 

As  regards  driving  factories  by  the  wind,  the  chief  difficul- 
ties are  the  irregularity  of  the  wind  and  the  first  cost  of  the 
windmill,  and  therefore  it  is  only  when  coal  gets  to  a  high  price 
that  the  windmill  will  be  largely  used  for  heavy  work.  In 
considering  this  question,  many  writers  have  assumed  tliat 
the  windmills  of  the  future  will  be  similar  to  tlie  ordinary 
windmill  one  sees  nowadays,  but  that  is  not  at  all  probable. 

For  a  long  time  it  has  been  known  that  tlie  sun's  heat 
might  he  utilised  to  produce  steam.  Sun  steam  engines  have 
now  been  made  on  a  practical  scale,  and  one  of  50  h.p.  iias  been 
erected  in  Egypt  at  Meadi  near  the  River  Nile,  not  far  from 
Cairo,  for  the  purpose  of  pumping  water  for  irrigation.  There 
are  enormous  areas  of  sunburnt  desert  in  Asia,  Africa, 
America,  and  Australia  where  the  mighty  power  of  the  sun 
is  in  evidence  almost  every  day,  where  sufficient  condensing 
water  could  be  obtained  at  a  moderate  expense  over  many 
millions  of  square  miles.  But  if  the  sun  power  is  in  the  Sahara 
Desert,  what  use  is  that  to  tlie  people  of  the  United  Kingdom  ？ 
The  answer  is  that  this  power  can  be  transmitted  electrically 
at  a  very  moderate  cost,  as  may  be  shown  by  the  following 
calculation  ： — 


It  is  assumed  t  Imi  a  current  of  2,000  kw.  can  be  passed 
tlirougli  an  iron  cable,  1  s(j.  in.  in  sect  ion,  at  a  tension  oi' 
1(K),()()()  volts,  so  that  1(),0()0,0()()  kw.  vvoiitW  n"|uir"  a  section 
oi"  5,000  in.  Til  is  would  wcigl'  5(),()0()1  Ijs.  a  yard,  or  rat  her 
less  than  10, ()()()  Ions  a  mile.  Fii'ieen  hundred  niil(»s  would 
weigh  60, 000, 000  tons,  and  this  at  £10  a  ton  would  cost 
£60(),()00,()00.  The  cost  of  tunnels  and  wayleaves  and  other 
works  might,  be  £200,000,000,  making  a  total  first  cost  of 
.l*800,000,0()()  (the  cost  to  us  of  160  days  of  the  present  war). 
When  once  this  cable  was  established,  the  cost  of  repairs  would 
be  ti'iiling,  and  assuming  thai  the  interest  on  money  at  tJiai 
period  is  as  formerly,  from  3  to  4  per  cent.,  the  total  annual 
cost  of  1  he  cable  iiiiglit  be  put  down  at  5  per  cent.,  or 
丄 40，(X)()，()()0  a  year.  This  on  10，00()，00()  kw.  is  £4  per  kilo- 
watt. Working  nine  hours  a  day,  we  have  3,285  hours  a  year. 
The  cost  is,  therefore,  0'29d.  per  kilowatt-hour.  The  boiler 
as  now  designed  costs  about  £30  per  brake  horse-power.  Tak- 
ing repairs  and  attendance  at  10  per  cent.,  the  annual  cost 
is  £3.  The  engine  and  electric  generators  might  be  made  for 
£6,  and  taking  the  annual  cost  at  10  per  cent,  equals  12s.  per 
brake  horse-]>ower.  Total  cost  of  boiler  and  engine,  £3.  12s. 
per  brake  horse-power  per  aimum.  Allowing  25  per  cent,  for 
loss  in  generation  and  transmission  brings  the  cost  up  to 
£4.  10s.  Adding  the  cost  of  the  transmission  line,  £4  and 
10s,  for  sundries,  brings  the  total  annual  cost  up  to  £9  per 
kilowatt.  For  nine  hours  a  day,  or  3,285  hours  a  year,  this 
equals  0"654d.  per  hour.  To  this,  of  course,  has  to  be  added 
the  cost  of  transformation  and  distribution.  But  the  total 
cost  would  be  quite  comparable  with  present  charges  in  this 
country  for  electrical  energy. 

The  author  has  made  some  very  rough  calculations  tending 
to  show  that  in  some  places  in  this  country  tide  power  might 
be  profitably  used  when  the  price  of  coal  had  reached  £4  a  ton, 
and  when  that  time  conies  the  tide  power  in  many  other  parts 
of  the  world  will  be  extensively  used  for  the  transformation 
of  energy  for  industrial  purposes. 

It  is  a  question  of  some  interest  as  to  how  far  the  con- 
tinued combustion  of  mineral  fuels  will  so  alter  the  quality 
of  the  atmosphere  we  breathe  as  to  lower  the  vitality  of  the 
human  race  as  at  present  constituted  ；  if  this  change  in  the 
atmosphere  is  likely  to  take  place,  it  is  highly  improbable 
that  in  the  short  space  of  time  in  which  it  will  occur,  say 
1,000  years,  tlie  human  body  will  have  had  time  to  adapt 
itself,  but  the  following  calculation  seems  to  show  that  we 
shall  probably  still  be  able  to  breathe  when  all  the  fossil  fuels 
in  the  world  have  been  burnt  up. 

One  pound  of  carbon  requires  2'671bs.  of  oxygen  or  l!21bs. 
of  air  for  complete  combustion.  The  weight  of  air  on  every 
square  inch  of  the  surface  of  the  globe  is  rather  more  than 
14 lbs.  The  total  weight  of  coal,  adding  to  it  oil,  mineral  gas, 
and  peat,  is,  say,  8,000,000,000,000  tons,  and  assuming  that 
eight-tenths  of  the  total  weight  is  carbon,  that  gives  us  a 
weight  of  6,400,000,000,000  tons  of  carbon  re<\uiring  12  times 
that  weight  of  air  for  complete  combustion.  The  superficial 
area  of  the  globe  is  about  453,000,000  square  miles  ；  then  the 
ratio  of  the  weight  of  air  burnt  wlien  all  the  mineral  carbon 
is  consumed  to  the  total  weight  of  the  atmosphere  is  shown 
by  the  following  calculation,  which  the  writer  thinks  is 
approximately  accurate : ― 

Sq.  Sn. 

S(iuare  miles.     Acres.    Sq.  yds.    ft.      in.  lbs. 

453,000,000  X  640  x4,840  x9.x  144  x  14  ―  148 

Tons.  lbs.  i~ 

6,400,000,000,000  x  2,240  x  12 

that  is  to  say,  the  total  atmosphere  is  148  times  the  amount 
required  for  combustion,  and  the  burnt  air  will  be  0*68  per 
cent,  of  the  total,  the  weight  of  carbonic  acid  gas  about  0  3  of 
the  total  weight  of  coal  and  burnt  air,  or  0.68+  say  0*74 
X  0'3  =  0  222  per  cent,  of  the  total  atmosphere.  The  Mines 
Regulation  Act  allows  1*25  per  cent,,  or  six  times  as  much. 
There  is,  therefore,  nothing  to  fear  from  the  carbonic  acid 
gas  in  the  air  so  long  as  the  present  meteorological  conditions 
prevail,  and  there  is  plenty  of  wind  to  keep  mixing  the  air 
up  and  moving  it  about  the  world. 

Every  consumer  of  coal  has  the  strongest  reason  for  trying 
to  reduce  his  coal  bill,  and  every  owner  of  a  coal  mine  has 
every  reason  for  economising  his  resources,  and  these  reasons 
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have  operated  so  strongly  that  witliiii  the  lifetime  of  living 
people  the  most  wonderful  economies  have  been  effected  : 
without  t tie  aid  of  aiiv  le【,islation  and  without  the  guidance 
of  any  Government  official,  the  consu niption  of  coal  in  a  steam 
engine  has  been  reduced  from  about  lOlbs.  per  brake  horse- 
])o\ver  to  1  Jibs.  Gas  engines  have  been  largely  introduced 
which  require  lib.  of  fuel  per  brake  horse-power,  or  even  less. 
In  the  manufacture  of  iron  and  steel  similar  economies  have 
been  introduced,  and  by  means  of  electric  central  power 
stations  great  economies  have  been  rendered  possible. 
Nothing  can  hinder  or  stop  the  efforts  of  the  practical  people 
to  make  further  economies  of  fuel  unless  it.  is  Government 
interference. 

Some  people  are  very  anxious  that  the  Government  should 
leach  us  how  to  work  our  coal  mines  economically.  They  sug- 
gest that  the  deepest  seams  should  be  worked  first  ；  they 
suggest  that  if  a  coal  seain  is  divided  into  two  parts,  one  good 
and  the  other  bad,  when  the  good  part  can  be  sent  out  at  a 
profit  and  the  bad  part  can  only  be  got  at  a  loss,  that  both 
good  and  bad  should  be  got  instead  of  permitting  the  present 
process  of  leaving  the  bad  part  in  tlie  mine.  They  would 
make  it  compulsory  to  send  all  the  slack  coal  out  of  the  mine 
and  forbid  the  leaving  of  any  pillars  or  barriers.  All  this 
they  would  do  in  the  name  of  economy.  They  forget  that 
economy  is  a  very  complicated  matter. 

If,  for  the  sake  of  argument,  by  Government  interference 
the  cost  getting  coal  was  increased  by  Is.  a  ton,  that  means 
the  use  of  additional  labour  and  additional  material  in  the 
shape  of  wood,  iron,  oil,  &c.  Now  that  additional  labour  and 
material  may  involve  an  expenditure  of  coal  and  other  valu- 
able things  much  greater  than  the 
value  of  coal  which  is  supposed  to  be 
saved. 

Those  people  who  wish  to  insist  that 
parts  of  a  seam  of  coal  which  are  left 
in  the  mine  because  it  does  not  pay  to 
get  them  out  should  be  got  out,  forget 
that  the  coal  which  is  left  in  the  mine  is 
not  wasted  ；  it  is  stored  up.  The  real 
waste  would  consist  in  bringing  it  out 
of  the  mine  when  it  isn't  wanted.  When 
the  time  comes  that  it  is  wanted,  it 
will  then  be  economical  to  get  it.  When 
coal  is  worth  £2  a  ton  at  the  pit  bank, 
all  sorts  of  that  mineral  which  is  now 
regarded  as  rubbish  will  then  have 
great  value.    There  is  nothing  new  in 

the  idea  of  working  a  coal  mine  over  again.  In  South  Stafford- 
shire mines  have  been  worked  and  closed,  re-opened,  and 
worked  three  times  over. 


IMPROVEMENTS  IN  TURBINE  PUMPS. 

PIiTHERT()  it  has  been  usual  to  build  centrifugal  pumps  of  the 
turbine  t\  jje,  that  is  to  say,  pumps  containing  several  inipellers 
and  diffusers  with  solid  cylindrical  casing,  or  similar  casings 
split  in  the  horizontal  centre  plane,  alternatively  the  pumps 
have  been  made  with  casings  divided  at  right  angles  to  the  axes, 
the  number  of  units  generally  corresponding  with  the  number 
of  stages,  and  therefore  called  stage  casings,  and  held  together 
by  bolts  or  studs  passing  from  end  to  end.  The  design  with 
one  cylindrical  casing  for  all  stages  either  solid  or  in  halves 
has  the  drawback  that  special  patterns  are  necessary  for  any 
required  number  of  stages,  and  that  dismantling  may  be 
troublesome  owing  to  internal  parts  sticking  to  the  casing  due 
to  rust  .  The  drawback  of  the  pump  built  in  stages  without  an 
outer  casing,  as  above  described,  is  the  impossibility  of  dis- 
mantling the  pumps  without  breaking  either  the  suction  or 
delivery  pipe  joint. 

In  order  to  obviate  the  drawbacks  of  both  constructions, 
Messrs.  Rufener  &  Wiesengi'imd,  Hortoii  Bridge,  Yiewsley, 
Middlesex,  propose  in  a  recent  patent  to  assemble  the  .stage 
casings,  which  have  water- tight  joints  between  each  other,  in  a 
plain  outer  cylindrical  casing  which  can  be  moulded  with 
striking  board  and  is  not  subject  to  any  water  pressure,  but 
merely  serves  the  purpose  to  hold  together  the  separate  suction 
and  delivery  end  of  the  pumps  besides  centring  the  stage 
casings.  The  delivery  end  is  made  with  such  internal  diameter 
that  all  the  stage  casings  can  be  withdrawn  without  fouling 
the  delivery  end.  The  delivery  end  is  an  annular  chamber 
with  a  circular  cover,  which  contains  the  automatic  balancing 


United  States  Output  of  Bauxite  and  Aluminium  in  1915. -- 

Bauxite  and  alumiimim  output  in  the  United  States  in  1915 
readied  record  proportions  according  to  the  U.S.  Geological 
Survey.  The  production  of  bauxite  was  297,041  gross  tons, 
valued  at  '，1，514，834，  an  increase  of  35  per  cent,  weight  and 
of  41  per  cent,  in  value  over  the  1914  output.  This  very  large 
increase  was  due  to  increased  activity  in  the  aluniinimii 
industry  and  the  greatly  lessened  aniovuit  of  foreign  bauxite 
imported.  Of  a  total  consumption  of  more  than  300,000 
LOiis,  little  more  than  1  per  cent,  was  imported.  Metallic 
aluminium  consumed  in  I  lie  United  States  in  1 9 1  o  was 
99,806,0001bs.,  and  there  was  still  a  great  scarcity,  according 
to  W.  C.  Phalen,  of  the  Survey.  This  was  due  to  a  greatly 
increased  demand  and  a  curtailment  of  imports.  Alir.niiiium 
powder  lias  been  extensively  used  in  making  ammonal,  a  liigli 
exj)lusive,  by  mixing  it  with  ammonium  nitrate. 

Presses  and  Dies. ― From  John  Hands  &  Sons,  Ltd.,  Bir- 
ininghain,  we  have  received  an  excellent  catalogue,  &('.，  of 
hand  and  power  j^resses  for  all  kinds  of  stamped  work,  with 
specimens  of  work  now  done  in  this  important  branch  of 
engineering.  Incidentally,  also,  the  catalogue  gives  some  use- 
ful information  respecting  the  technical  pii rases  employed  in 
connection  with  tools  of  this  kind,  which  is  valuable  to  those 
considering  the  question  of  use  or  purchase. 


iMPUOVKMKNTiS  IN  TuiUilVK  PuMPS. 

device,  varies  the  delivery  end  bearing,  and  when  bolted  to 
the  annular  delivery  chamber  holds  the  various  stage  casings 
firmly  together.  In  order  to  take  the  pump  to  pieces  it  is 
only  necessary  to  take  off  the  delivery  end  cover,  when  all 
internal  parts  of  the  pump  can  be  withdrawn  without  breaking 
any  pipe  connection. 

Referring  to  the  illustration,  A  is  the  suction  end  of  the 
pump  bolted  to  the  cylindrical  outer  casing  B.  C，  J,  &c.，  are 
the  stage  casings  contained  in  outer  casing  B.  The  first  stage 
casing  is  fitted  to  the  suction  end  A  with  wat^r-tight  joints, 
and  similar  joints  are  formed  between  the  stage  casings,  tKe 
number  of  the  latter  varying  according  to  requirements.  The 
last  stage  casing  marked  K  is  provided  with  a  flange  and  pro- 
jections E.  A  small  clearance  space  is  allowed  between  the 
flange  of  the  last  stage  casing  and  the  flange  of  the  outer 
casing.  Into  this  clearance  space  a  packing  ring  F,  of  suit- 
able material,  is  inserted.  Centred  on  the  flange  L  of  the 
outer  casing  and  bolted  to  the  latter  is  the  annular  delivery 
chamber  D.  Bolted  to  the  delivery  chamber  is  the  end  cover 
G.  A  clearance  space  is  provided  between  the  flange  of  the 
end  cover  and  the  delivery  chamber,  the  water-tight  joint 
being  made  by  a  suitable  packing  ring  H.  When  the  end 
cover  G  is  bolted  to  the  delivery  chamber  its  inside  presses 
against  the  projections  E，  and  thus  establishes  the  tight  fit  of 
the  water- tight  joints  of  the  stage  casings.  It  will  be  seen 
that  with  this  construction  the  stage  casings,  with  the  parts 
which  they  contain,  can  be  withdrawn  after  removal  of  the 
end  cover  G,  whilst  suction  end  A  and  delivery  chamber  D 
remain  in  position  bolted  to  outer  casing  B,  so  that  the  pipes 
which  join  on  to  A  and  D  respectively  can  remain  undisturbed. 
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NEW  MECHANICAL  GAS  PRODUCER. 

We  arc  indebted  to  our  A merican  contein])orary  "  Power  '' 
for  the  accompanying  illust  rat  ion  and  following  particulars 
of  a  inechanical  gas  producer  which  has  recent ly  been  per- 
fected by  the  Flinn  A:  DrelTein  Company,  Chicago.  1  n  the 
new  producer  the  entire  fuel  column,  the  cent  re  as  well  as 
the  sides,  is  agitated  to  cause  the  fire  to  settle.  The  ash  line 
is  maintained  at  a  point  about  a  foot  above  the  bosh,  and 
above  this  a  fuel  bed  about  2ft.  thick  is  maintained.  From 
the  sectional  and  plan  views  of  tlie  generator,  the  construction 
will  be  evident.  The  entire  bosh  A,  tuyere  B,  and  ash  table 
C  rest  on  four  sliding  supports,  the  sliding  surfaces  D  being 
tightly  housed  to  keep  out  the  ash  and  packed  with  high- 
temperature  grease.  By  a  driving  mechanism  the  various 
members  just  mentioned  are  given  an  eccentric  motion,  in 
which  every  part  has  the  same  travel,  unlike  plain  rotation 
in  which  the  motion  is  zero  at  tlie  centre  and  a  maximum  at 
the  circumference.  The  bosh  and  tuyere  arms,  having  a  firm 
hold  on  the  ash  and  moving  in  an  eccentric  path,  are  resisted 
by  the  stationary  brick  walls  of  the  generator.  This  causes 
the  entire  column  of  ash  and  coal  to  rise  and  fall  slightly 
along  the  walls  willi  each  rotation,  thus  settling  the  fire  and 
breaking  down  any  arching  effect  of  the  ashes  which  would 
eventually  produce  holes  in  the  fuel  bed.  The  ash-discharge 
ring  G  is  held  fast  by  four  extensions  passing  through  the 
shell  of  the  generator.  If  the  fire  tends  to  settle  more  on  one 
side,  then  the  ring  is  moved  toward  the  opposite  side  by 
loosening  up  on  one  nut,  holding  one  of  the  extensions 
through  the  shell  and  taking  up  on  the  opposite  side.  As  the 
bosh  and  ash  table  move  and  the  ash  ring  is  stationary,  the 
relative  motion  results  in  the  crushing  of  any  clinkers  formed 
and  in  pushing  the  ashes  off  the  table.  The  ashes  fall  loosely 
into  the  water  seal  below,  from  which  they  can  be  removed 
in  the  regular  way.  Motion  is  imparted  to  the  grate  by  two 
eccentric  drives  mounted  90^  apart  on  the  outside  of  the 
generator  shell.  On  the  vertical  shafts  carrying  these  eccen- 
trics are  ratchet  wheels.  Midway  between  these  drives  is  a 
bracket  carrying  a  horizontal  shaft  upon  which  is  a  sprocket- 
wheel  chain  connected  to  the  source  of  power.  On  this  same 
shaft  is  an  eccentric  which  gives  a  reciprocating  motion  to  a 
crossbar,  at  each  end  of  which  is  a  pawl  for  engaging  the 
ratchet  wheels  imparting  motion  to  the  grate. 

About  four  years  ago  the  American  Can  Company,  of 
May  wood,  111.,  installed  three  gas  producers  of  the  ordinary 
hand-poked  type,  two  being  7ft.  Gin.  and  one  6ft.  Gin.  diam., 
the  rated  capacities  being  3001bs.  and  2001bs.  of  coal  per 
hour,  respectively.  Anthracite  at  a  rate  of  about  lOlbs.  per 
hour  per  square  foot  of  cross-sectional  area  of  the  generator 
was  used  to  supply  gas  to  the  can-making  machinery,  to 
lacquer,  japanning  and  varnish-baking  ovens,  and  to  a  num- 
ber of  hardening  furnaces.  The  recent  addition  of  a  litho- 
graphing plant  and  increasing  demand  in  the  can  works 
required  considerably  more  gas.  The  layout  of  the  producer 
room  would  not  permit  installing  another  generator  without 
remodelling  some  of  the  manufacturing  plant.  The  alterna- 
tive was  to  install  mechanically-operated  grates  in  the  j^reseiit 
producers.  The  two  larger  generators  were  equipped  with 
the  new  Flinn  &  Dreffeiii  grates.  These  producers  with  their 
new  grates  have  been  in  operation  for  a  number  of  months. 
Working  continuously  and  for  long  periods,  they  have  gasified 
181bs.  to  2 libs,  of  coal  per  hour  per  square  foot  of  sectional 
area,  and  on  peak  loads  for  short  runs  the  rate  has  been  as 
high  as  241bs.  per  hour,  which  may  be  compared  to  the  lOlbs. 
per  square  foot  originally  obtained. 

A  better  and  more  uniform  gas  is  being  generated,  and 
the  aslies  are  free  from  carbon.  Formerly  the  ashes  had 
to  be  sifted  for  unburned  coal.  Now  it  is  not  necessary 
to  stop  operation  for  cleaning  fires  ；  instead,  the  mechanical 
grate  is  operated  for  a  period  of  H  hours  twice  during  the 
working  day,  or,  in  other  words,  every  six  hours.  At  tlie 
cleaning  periods  the  operator  takes  readings  of  the  height 
of  ashes  above  tlie  bosh.  This  is  done  by  inserting  a  light 
bar  into  the  fire  until  the  end  rests  on  the  top  of  the  bosh  and 
measuring  up  to  the  part  of  the  bar  showing  colour.  Records 
at  the  plant  show  that  about  15  per  cent,  less  coal  for  tlie 
same  output  is  used  than  when  the  hand-poked  producers 


were  operated,  and  about  10  per  cent,  more  gas  is  produced 
per  pound  of  coal.  Coal  is  supplied  to  the  generator  by  a 
half-ton  electric  travelling  hoist,  with  a  detachable  bucket. 

the  first  floor  this  is  placed  on  a  carriage  and  conveyed  to 
and  back  from  the  coal  storage.  The  bucket  is  then  elevated 
to  the  charging  platform  and  the  coal  fed  lo  the  ^^oiieralor 
as  it  is  needed. 

From  the  generators  the  gas  passes  t lirou^li  ecoiioniisers 
to  a  common  main.  It  then  enters  a  coke  and  excelsior  scrub- 
ber, 6ft .  6in.  diani.  and  high,  serving  the  entire  plant. 
From  the  top  of  the  scrubber  the  gas  is  drawn  by  eitlier  one 
of  two  exhausters,  each  directly  connected  to  a  vertical  engine. 
The  exhauster  delivers  the  gas  to  tlie  supply  main  under  a 
pressure  of  l^lbs.,  the  speed  of  the  engine  being  automatically 
controlled  by  the  gas  pressure  through  a  diaphragm  valve. 
The  gas  delivered  is  indicated  and  recorded  by  a  venturi 
meter.  Air  for  combustion  is  drawn  through  the  econoniiser 
by  a  steam  blower  mounted  on  the  side  of  the  generator. 
The  mixture  of  steam  and  air  is  forced  under  pressure 
through  the  centre  pipe  of  the  generator  and  out  into  the  ash 
at  the  centre  tuyere  cap  E，  or  out  through  the  tuyere  arms 
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B  under  the  annular  tuyere  ring  F.  By  actuating  a  lever, 
a  drum  and  disc  in  the  centre  pipe  may  be  raised  or  lowered, 
causing  the  moist  air  to  flow  at  the  centre  or  at  the  outside, 
as  desired-  The  amount  of  steam  and  consequently  the 
quantity  of  air  supplied  to  the  generator  is  automatically  con- 
trolled by  a  gasometer  connecting  with  the  top  of  the  gene- 
rator. Here  a  pressure  slightly  less  than  atmospheric  is  main- 
tained. Any  variation  in  pressure  up  or  down  influences  the 
position  of  the  gasometer,  and  in  turn  increases  or  lessens 
the  opening  of  the  steam  valve. 

It  is  thus  evident  that  the  operation  of  tlie  plant  through- 
out' is  practically  automatic.  The  air  and  steam  supply  to  the 
generator  is  automatically  controlled,  as  is  the  pressure  and 
supply  of  gas  to  the  supply  main.  The  fire  level  and  the  dis- 
charge of  ashes  and  clinker  into  the  water  seal  is  cared  for 
by  the  mechanism  connected  to  the  grate.     It  is  estimated 
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tliat  the  d riving  mechanism  on  eacli  generator  requires  about 
i  h.p.  The  quality  of  the  gas  runs  about  150  B.T.U.  per 
cubic  foot.  While  it  is  used  for  industrial  purposes  in  the 
present  plant,  the  gas  can  be  generated  with  equal  advan- 
tages for  power  purposes.  The  mechanical  feature  may  be 
applied  to  old  producers,  saving  the  installation  of  additional 
generator  capacity. 


RECRYSTALLISATION  OF  BOILER  TUBES.* 

BY  A.  E.  WHITE  AND  H.  F,  WOOD. 

At  a  central  steam  boiler  plant  in  Detroit  where  very  heavy 
loads  were  carried  for  a  number  of  weeks  at  a  time,  the  metal- 
lographic  examination  of  tubes  showing  incipient  failure 
revealed  coarse  crystals  at  the  surface  of  the  tube  exposed 
to  the  high  temperature.  These  failures  also  universally 
occurred  in  the  front  row  of  tubes  where  the  temperature 
was  highest  and  only  on  the  side  exposed  to  the  flame.  The 
question  then  naturally  arose  as  to  the  conditions  under 
winch  the  coarse  crystallisation  could  have  resulted.  The 
effect  of  time,  temperature,  and  stress,  therefore,  on  boiler- 
tube  metal  was  accordingly  investigated. 

The  object  of  the  present  research  has  been  as  follows  ： 
To  obtain  a  curve  indicating  the  relation  between  the  time 
and  temperature  governing  crystal  growth  at  temperatures 
below  the  critical  range  in  a  deformed  low-carbon  steel  ；  and 
to  make  a  systematic  study  of  tlie  conditions  existing  where 
low-carbon  steel  is  used  at  moderately  】iigli  temperatures, 
after  having  been  subjected  to  sufficient  stress  to  result  in 
permanent  deformation,  and  to  ascertain  if  the  recrystallisa- 
lion  phenomena,  known  to  exist  under  such  conditions,  have 
any  influence  upon  tlie  possible  failure  of  the  metal.  To 
accomplish  this,  a  steel  of  the  following  chemical  composition 
was  used  ：  Carbon,  0.113  per  cent.  ；  manganese,  0"479  per 
cent.  :  phosphorus,  0'023  per  cent.  ；  sulpliur,  0  035  per  cent. : 
silicon,  0'()23  per  cent. 

Under  normal  ratings,  the  bagging  of  a  tube  at  this  par- 
ticular central  station  seldom  occurs,  but  when  higli  rates  of 
evaporation  are  maintained  over  long  periods  of  time,  trouble 
of  a  more  or  less  aggravating'  nature  is  encountered.  It  is 
felt  that  the  difficulty  is  due  to  heavy  ratings  combined  with 
thin  scale  deposits.  The  authors  feel  that  the  presence  of  a 
thin  film  of  scale  on  the  inside  of  a  tube  may  so  interfere  with 
sL  rapid  heat  transmission  that  a  tube  may  become  locally 
overheated.  The  temperature  to  which  the  metal  may  arise 
will  be  well  above  that  found  in  the  tubes  free  from  scale, 
and  yet  below  the  upper  critical  temperature  of  the  metal. 
Such  a  temperature  would  in  no  way  affect  grain  size  in 
thoroughly  annealed  metal,  but  it  may  materially  induce  and 
produce  grain  growth  in  low-carbon  steel  previously  deformed 
at  temperatures  below  its  critical  point.  This  latter  phase 
is  the  condition  almost  universally  encountered  in  the  boiler 
tubes  used  in  present-day  practice. 

Under  the  best  of  refinements  it  is  difficult  to  see  how 
a  tube  perfectly  free  from  strains  can  be  obtained.  There- 
fore, it  is  difficult  to  see  liow  a  tendency  for  coarse  crystal- 
lisation from  such  metal  can  be  prevented.  It  is  possible  to 
nsake  tubes  with  a  higher  carbon  content,  or  possibly  with 
tlie  same  carbon  content  as  at  present,  but  containing  a 
special  element,  such  as  nickel,  which  will  not  possess  the 
same  strong  recrystallisation  tendency.  T'nese  features  merit 
consideration,  and,  in  fact,  the  first  one  is  about  to  undergo  a 
trial  at  one  of  the  central  heating  stations  in  Detroit. 

The  extent  to  wliich  coarse  grains  make  low-carbon-steel 
boiler  tubes  weak  and  brittle,  however,  was  determined  by  a 
number  of  tension  and  fatigue  tests.  Three  sets  of  samples 
were  einj)loyed  ；  the  first  of  untreated  metal,  the  second  of 
metal  annealed  for  10  minutes  at  950°  C,  and  then  cooled 
in  the  furnace,  and  the  third  of  coarse-grain  metal,  pro- 
duced by  stressing  all  of  the  test  specimens  the  same  anion nt 
and  in  all  cases  past  the  elastic  limit,  and  following  this  by 
an  annealing  for  a  period  of  three  hours  at  a  temperature  of 
80Cr  C. 

The  elastic  limits  and  tensile  st reiigtlis  of  tlie  untreated 
samples  averaged  34,4201bs.  per  square  inch  for  the  former 
and  54,4501bs.  per  square  im'li  for  the  latter  ：  while  tlie  values 
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for  the  annealed  samples  were  21,7001bs.  per  square  inch  and 
50,5071bs.  per  square  inch,  respectively.  Such  results  showed 
that  these  samples  had  as  good  physical  properties  as  could 
be  expected  from  any  metal  of  like  composition  and  heat 
treatment.  The  elastic  limit  and  the  tensile  strength  of  the 
coarse-grain  samples  averaged  14,1171bs.  and  39，6331bs.  per 
square  inch,  respectively.  These  results  were  58'2  and  431 
per  cent,  lower  than  were  the  results  of  the  untreated  samples, 
and  proclaimed,  therefore,  a  decidedly  inferior  grade  of 
metal. 

The  actual  stresses  occurring  in  a  boiler  tube  are  tension 
and  shear.  If  the  principal  stress  resulting  from  a  combina- 
tion of  the  tension  and  shear  becomes  greater  than  the  elastic 
limit  of  the  metal,  failure  will  take  place.  Since  a  coarse- 
grain  metal  has  such  an  exceedingly  low  elastic  limit,  its  use 
should  be  avoided  when  it  is  possible  to  get  metal  with  a 
much  higher  elastic  limit. 

A  very  iyteresting  development  in  connection  with  the 
tension  tests  is  tlie  fact  that  tlie  percentage  of  elongation  and 
the  percentage  of  reduction  of  area  remain  practically  con- 
stant throughout  the  entire  series.  This  shows  that  the  duc- 
tility of  the  metal  is  but  little  affected  by  the  size  of  the 
crystals.  It  may  therefore  be  said  that  coarse-grain  ferrite  is 
weak,  but  not  brittle. 

Fatigue  tests  were  run  on  samples  prepared  in  the  same 
way  as  those  for  the  tension  tests,  Th-e  coarse- grain  metal 
was  found  to'  have  an  average  resistance  to  fatigue  16.43  per 
cent,  lower  than  the  untreated  and  77.75  per  cent,  lower  than 
the  annealed  samples.  This  is  very  important  when  one  con- 
siders that  boiler  tubes  are  constantly  under  the  influence 
of  alternating  stresses. 

The  many  conditions  studied  and  developed  have  resulted 
in  the  acquisition  of  a  number  of  generalisations  which,  it  is 
trusted,  will  prove  to  be  of  some  value  in  certain  connections. 
The  six  most  important  ones  are  summarised  as  follows : ― 

(1)  The  time- temperature  relations  for  every  fall  of  tem- 
perature of  25°  C,  starting  at  625°  C,  governing  the  recrys- 
tallisation of  deformed  low-carbon  steel  at  temperatures  below 
the  Acl  critical  point,  follow  the  formula  for  geometrical 
progression,  that  is: —— 

T  二  o ，  (，r，  ar^j  a 7'^  n'v"  \ 

in  which  T  represents  time  in  minutes  and  〃  and  r  are  equal 
to  8  and  3,  respectively. 

(2)  The  etched  surface  of  deformed  low- carbon  steel  does 
not  undergo  tlie  process  of  recrystallisation  when  heated, 
even  for  long  periods  of  time  at  temperatures  below  the 
critical  point,  although  the  metal  immediately  below  the 
surface  does  show  such  change. 

(3)  The  recrystallisation  process  on  deformed  low-carbon 
steel  is  an  exceedingly  rapid  one  at  all  temperatures  below 
the  A3  point  and  above  700°  C.，  and  between  these  limits 
recrystallisation  takes  place  in  all  cases  in  a  fraction  of  a 
minute. 

(4)  It  is  felt  that  perhaps  the  transformation  occurring  at 
690°  C.  has  some  effect  upon  the  recrystallisation  process, 
since  crystal  growth  took  place  at  700°  C.  in  a  fraction 
of  a  minute  and  at  675°  C.  in  eight  minutes.  The  present 
investigation  has  been  insufficient,  however,  to  warrant  any 
definite  statement  on  the  matter.  It  certainly  offers  a  splen- 
did opportunity  for  further  work. 

(5)  Tliei  evidence  obtained  during  the  present  investiga- 
tion seems  to  show  that  boiler  tubes,  if  kept  free  from  scale, 
will  never  fail  because  of  the  recrystallisation  of  the  ferrite 
crystals.  A  very  tliin  layer  of  scale  in  the  tubes,  however, 
resulting  in  rise  in  temperature  of  the  metal,  may  result  in 
the  recrvstallisation  phenomenon. 

(6)  Low-carbon  steel  in  a  deformed  state  is  so  stable  at 
atmospheric  temperatures  that  the  time  temperature 
influence  alone,  at  such  temperatures,  would  probably  require 
tliousands  of  years  for  the  production  of  crystal  growth. 

Rich  Iron  Ore  Deposits,—  According  to  a  Valparaiso  journal, 
of  the  rich  iron  ores,  graded  at  over  60  per  cent.,  the  world's 
stock  is  estimated  to  be  2,521,000,000  tons.  From  this  total 
must  be  eliminated  1,095,000,000  tons  from  Sweden  (on 
account  of  tlie  proliHiitimi  of  export  of  pure  ores)  and 
400,000,000  tons  from  Brazil  (principally  from  the  State  of 
Minas  Geraes). 
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STEAM  SAFETY  VALVES. 


The  object  of  this  paper  is  to  place  on  record  the  experimental 
work  and  coiiclusions  drawn  therefrom,  of  an  investigation  into 
the  theory  and  design  of  a  safety  valve.  Safety  valves  have 
been  in  the  past  and  are  at  present  the  result  of  cut  and  dry 
methods,  rather  than  a  inechanism  based  on  logical  and  funda- 
mental principles.  The  theory  which  is  here  presented  is 
believed  to  be  general  in  its  application,  and  original  in  char- 
acter. In  the  course  of  the  experimental  work  undertaken 
at  least  50  valves  have  been  built  and  tested,  and  during  the 
course  of  the  experimental  work  I  have  not  tested,  or  seen  in 
operation  under  test,  a  single  valve  of  a  design  which  is  now 


1    High  L,fi 
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KiGS.  1,  2  AND  .3    Diagrams  or  Lift  Characteristics 

on  the  market.  Each  valve  built  and  tested  has  been  for  the 
purpose  of  proving  or  disproving  a  step  in  the  theory  which 


At  a  glance,  it  seems  that  the  problem  of  the  design  of  a 
safety  valve  should  be  a  simple  one,  but  when  the  facts  are 
brought  into  line,  the  problem  becomes  increasingly  difficult. 
All  present-day  valves  employ  huddling  or  expansion  cham- 
bers, although  those  best  fitted  to  know  tlie  reasons  for  their 
use  disagree  as  to  the  actual  part  played  by  such  chambers  in 
the  action  of  the  valve  in  which  they  are  incorporated.  This 
is  one  example  of  the  apparent  mysteriousiiess  relative  to  the 
action  of  present-day  valves.  It  is  hard  for  the  engineering 
public  to  understand  why  it  is  not  possible  to  increase  the  lift 


I  spring 


Seof- 


Fig.  4.— Valve  Incorporating  Stan- 
dard Orifice  Equivalent. 


Fig.  5.— Pressure  Vary i no  Inverse- 
ly AS  Area. 


of  valves  in  accordance  with  the  demands  of  the  day  for  high- 
capacity  valves,  without  endangering  the  boilers  to  which  they 
are  connected  or  the  valves  themselves,  and  it  is  probably  true 
that  this  misunderstanding  is  due  to'  the  lack  of  reasonable 
explanations,  in  which  those  best  fitted  to  know  concur.  The 
pros  and  cons  of  high  and  low  lift  valves  have  been  discussed 
in  great  detail,  and  I  believe  that  I  am  giving  the  consensus  of 
opinion  in  this  regard  in  the  statement  that,  high  lift  valves, 
so-called,  produce  more  or  less  shock  at  closure  which  may 
injure  the  boiler  itself,  and  is  usually  a  serious  factor  in  deter- 
mining the  life  of  the  valve. 

A  moment's  consideration  will  show  that  increasing  the 
lift  is,  except  for  changing  the  seat  angle,  the  only  available 
means  of  substantially  increasing  the  relieving  capacity  of  a 
valve  of  given  diameter,  and  further  consideration,  when  the 
tendency  in  steam  boiler  practice  is  taken  account  of,  results 
in  the  conclusion  that  high-lift  valves  must  come  into  comnion 
use.  The  absolute  necessity  for  high  discharge  capacity 
valves  has  led  English  designers  to  employ  auxiliary  pistons 
acted  on  by  boiler  pressure,  and  adapted  to  produce  high  lift. 
To  us  this  seems  an  awkward  method  of  solving  the  problem, 
when  it  is  remembered  that  most  producers  of  safety  valves 
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state  tliat  they  can  build  hifjjl 卜 lift  valves  of  the  ordinary  type. 
Ill  spito  of  the  economical  and  (■()ininc.i{'ial  advantage  to  \m 
"'ai"e(l，  such  valves  arc  not  upon  tlio  "wu'ket,  and  are,  in  fact, 
i'rowiUHl  upon  l)y  both  rrianut'aclurers  aiui  users. 

M ()«t  spocifications  in  force  at  the  present  day,  both  abroad 
and  at  home,  are  hasetl  either  on  grate  area  or  heating  surface, 
and  are  recognised  by  engineers  to  be  misleading  and  entirely 
inadequate  for  present- day  practice.  This  fact  is  evidenced  >)y 
the  innovations  contained  in  the  report  of  the  】kiler  Code 
Coiiiiiiittee,  which  bases  the  relieving  capacity  on  the  greatest 
possible  amount  of  steam  that  can  be  generated,  and  provides 
that  valves  shall  take  care  of  this  maximum  amount.  There 
is  nothing  to  be  said  in  criticism  of  this  standpoint,  as  ex])eri- 
eiice  tells  us  that  every  boiler  plant  will  soinei  day  have  to 
depend  on  its  safety  valves  to  prevent  destruction,  and  that  in 
this  eiTiere^ency  they  should  not  he  found  wanting.  The  diffi- 
culty of  this  method  is  the  lack  of  capacity  of  valves  of  the 
present  day  to  provide  means  for  economically  taking  care  of 
the  situation. 

The  factors  which  tend  to  limit  the  discharge  capacity  of 
the  ordinary  type  of  valve  when  high  lifts  are  attempted  are 
the  apparent  impossibility  of  regulation  and  the  shock  pro- 
duced at  closure.  The  actual  valuation  of  the  shook  produced 
at  closure  defies  calculation  for  many  reasons,  but  it  can  be 
shown  experimentally  that  tlie  height  from  which  the  disc 
drops  to  sudden  closure  plays  an  important  part.  Tlie 
diagrams  shown  by  Fii^s.  1  and  2  represent  graphically  the 
lift  characteristics  of  high  and  low  lift  valves,  a  study  of  which 
shows  that  they  are  essentially  alike  in  all  characteristics,  but 
that  in  hie^h-lift  valves  tlie  distance  through  which  the  disc 
drops  to  sudden  closure  is  nuicli  greater  than  in  the  low-lift 
valves.  If  this  is  the  case,  the  logical  solution  would  seem  to 
be  a  valve  giving  a  diagram  like  that  shown  bv  Fig.  3  in  which 
the  lift  during  the  blowdown  period  gradually  decreases  to  a 
small  value  before  sudden  closure  takes  place.  We  are  not 
vitally  interested  in  the  discharge  capacities  of  valves  during 
the  blowdown  period  if  high  lift  can  be  maintained  at  the 
popping  pressure.  If  their  dischars^e'  capacity  is  such  that 
after  blowing,  the  blowdown  period  is  finally  reached,  the 
emergency  is  taken  care  of,  and  the  installation  is  safe.  To 
T)roduc6  a  valve  that  will  give  the  diagram  shown  in  Fi^.  3.  it 
is  necessary  to  keep  the  disc  in  equilibrium  with  the  boiler 
pressure,  while  that  pressure  is  beiiie:  reduced . 

In  any  safety  valve  there  are  three  factors  affecting  the 
rate  of  flow  over  the  seat  that  are  characteristics  of  the  seat 


Seal 


Ytt-hcal 


Fig.  6.— Valve  with  Maximum 
Pressure  bktwicrn  Lips. 


Fig.  7 ― Valve  Adjustable  for 
Variable  Lifting  Force. 


itself,  namely,  the  vertical  lift,  the  seat'  angle,  and  the  contour 
of  approach  to  the  seat.  Tlie  flat  seat  is  adapted  to  open  the 
largest  area  per  unit  of  vertical  lift  and  hence  should  be  em- 
ployed, other  things  being  equal.  Since  the  approach  to  a 
standard  orifice  makes  the  throat  sectional  area  100  per  cent, 
efficient,  the  characteristics  of  such  an  orifice  should  be  em- 
ployed. Prof.  E.  F.  Miller,  of  tJie  Massachusetts  Institute  of 
Technology,  was  the  first  to  round  the  edges  of  a  safety  valve 
to  increase  the  efficiency  of  discharge  per  unit  of  lift,  and  in  so 
doing  took  a  long  step  in  the  direction  of  high  safety-valve 
efficiency.  The  valve  shown  in  Fig.  4，  in  which  the  standard 
orifice  or,  better,  its  practical  equivalent  is  incorporated,  fol- 
lows the  theory  proposed  by  him  several  years  ago.  The  full 
benefit  of  the  standard  orifice  would  be  available  regardless  of 
the  type  of  lip  provided  if  the  passage'  area  from  the  seat 
outward  increased,  but  to  produce  a  high-lift  valve  the  maxi- 
mum available  pressure  between  the  lips  consistent  with  maxi- 
mum discharge  must  be  used. 

In  a  standard  orifice  the'  area  of  each  section  after  the 
throat  section  is  equal  to  that  at  the  throat  section,  and  it  has 
been  found  that  the  pressure  at  the  throat  section  and  at  each 
section  of  equal  area  thereafter  is  close  to  0'6  of  the  boiler 
pressure,  and  that  the  back  pressure  into  which  this  orifice 
dischar^s  has  no  effect  on  either  the  weight  discharged  or  the 
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existent  orifice  pressures  unless  this  back  pressure  exceeds 
0.6  of  the  boiler  pressure.  If  it  does  exceed  0.6  of  the  boiler 
pressure,  the  discharge  capacity  is  reduced  and  the  pressure 
throughout  the  orifice  is  increased.  With  an  orifice  of  the 
shape  shown  in  Fig.  5,  but  of  equal  throat  sectional  area,  the 
weight  discharged  is  the  same  as  before,  but  the  pressure  after 
the  throat  section  varies  inversely  as  the  area.  It  follows 
that  to  produce  maximum  pressure  between  the  lips,  there 
nmst  exist  at  full  lift  an  equality  of  area  at  each  section  out- 
ward from  the  throat  of  the  orifice  which  is  located  at  the  seat. 
Since  the  effective  disc  diameters  are  constantly  increasing,  the 
effective  lift  must  be  reduced  as  the  passage  is  lengthened. 
This  can  be  done  by  giving  the  passage  an  upward  slope,  as  is 
shown  by  Fig.  6. 

If  a  valve  of  these  characteristics  is  constnicted  and  blown, 
It  will  be  found  to  have  an  extremely  high  lift,  and  the  opening 
of  such  a  valve  is  so  sudden  as  to  be  truly  explosive.    A  very 


Fig.  8.— Performance  of  2； in. 

EXPEBIMKNTAL  VaLVE. ― 


Fir.  10.— Valve  of  Fig.  8  with 
BijOwdown  King  Loweep.d. 


Fifi  11.— 2iN.  Valve:  Sustained 
Lift  and  Low  Closing  Lift, 


Fig.  12.— 2in.  Valve  :  Low  Sustained 
Lift,  with  Pressure  Accumulation. 


； ^ig.  7  shows  a  valve  which  has  means  for  adjustment,  based 
on  the  production  of  variable  lifting  force.  The  two  annular 
rings  A  and  B  carry  on  their  upper  surfaces  curves  that 
approximate  in  shape  the  curve  on  the  disc.  The  inner  ring 
A，  which  may  be  called  the  warning  ring,  is  threaded  upon  the 
base  of  the  valve  just  outside  the  flat  seat  and  carries  threaded 
J^gon  it  the  ring  B,  which  is  adapted  to  control  the  blowdown 
丄 hese  rings  may  be  lowered  away  from  the  disc,  or  given 
imtial  clearance.  If  both  of  these:  rings  are  lowered  an 
extreme  distance,  when  the  valve  tends  to  open,  no  liftiiicr 
force  will  be  available  ；  but  if  the  ring  A  is  raised  to  a  position 
near  the  valve  disc,  a  lifting  force  will  be  provided  which  will 

产。〃  Lift  (m':, 

Susiained  Lrfi  0/6  " 

Closing  Lift  0.09" 

Dischar^  Capadiy  cd Olb'tifi— 10^50 lb. 

Seed  Diameher—2k  ' 
Openina  Pressure^SQJb 
n-~ - …-- S/b. 


Fig.  9.— Analysis  of  Diagram  shown  in  Fig.  8. 

depend,  first,  on  the  pressure  produced  between  it  and  the  disc, 
and,  second,  on  the  extent  of  the  disc  area  on  which  this 
pressure  acts.  The  pressure  depends  on  the  area  of  the 
passage,  and  the  area  in  the  valve  is  a  function  of  the  initial 
clearance,  and  the  shape  of  the  curve.  As  the  blowdown 
rmg  B  IS  raised  from  its  lowest  position,  there  is  a  tendency  to 
build  up  pressure  between  it  and  the  disc  when  the  valve  is 
？ p&n,  which  tendency  increases  as  the  disc  is  approached  ；  and 
if  a  reasonably  large  clearance'  is,  left,  this  'ring  }Di-oduces 
almost  no  lifting  force  at  low  lift,  since  the  area  of  the  passage 
along  it  is  large  in  comparison  to  that  over  the  seat.  It 
follows,  also,  that  as  the  disc  lifts,  the  effect  of  this  initial 
clearance  on  the  area  of  the  passage  becomes  less  and  less  as 
lifting  continues. 

The  author  has  succeeded  in  getting  some  diagrams  from 
valves  under  service  conditions  which  show  in  detail  the  results 
of  the  methods  of  regulation  employed.  The  recording  appa- 
ratus consisted  of  a  clock  motion  adapted  to  turn  a  chart 


Fift.  13.-  2IN.  Valvk  :  I'KEssunE  Ac- 
cumulation HETWKKN  OPKNING  AND 
Clohing. 


A  Six'OND  Oi'icNiNG  Valve. 


】arge  percentage  of  the  pop  lift  is  sustained  if  the  popping 
pressure  is  held  constant,  and  when  such  a  valve  starts  to  blow 
down,  the  lift  gradually  decreases  during  the  blowdown  period 
until  a  certain  point  is  reached  where  the  pressure  becomes 
such  that  the  valve  disc  drops  suddenly  to  closure.  This  con- 
struction will  produce  a  blowdown  which  is  likely  to  be  a  third 
of  the  boiler  pressure  and  forces  its  designer  to  incorporate 
means  of  regulation  which  will  give  a  small  blowdown  without 
interfering  with  the  capacity  or  other  features  of  valve  action. 

A  valve  that  chatters  or  vibrates  at  the  instant  of  opening 
or  sizzles  at  that  time  shows  a  lack  of  lifting  force  at  low  lifts, 
and  one  that  shows  an  excessive  blowdown  demonstrates  that 
the  lifting  force  at  low  lifts  is  too  great  to  allow  of  closure,  and 
it'  follows  that  the  requirements  of  warning  and  blowdown  are 
somewhat  combative.  Blowdown  is  an  absolute  necessity  on 
tlie  spniig-loaded  type,  owing  to  Uie  existence  of  lifting  force 
outside  the  spring  chamber,  and  it  is  clear  that  attempts  to 
reduce  the  blowdown  will  tend  to  decrease  the  lift  and  reliev- 
ing (•apacity.  In  general,  the  real  secret  in  the  design  of  a 
perfect  safety  valve  lies,  not  in  the  production  of  excessive 
lifting  force,  but  in  controlling  and  adjusting  it. 


Fig.  】5.— IjOC'omotivi.:  Valve  of  Appiiovrn  Design. 

once  in  15  minutes.  Bearing  on  this  chart,  was  a  pen  rigidly 
connected  to  the  spindle  of  the  valve  and  adapted  to  leave  a 
record  thereon  of  lift  with  respect  to  time,  the  lifts  being 
multiplied  by  a  ratio  of  approximately  4  to  1 .  & 
Fig.  8  is  a  chart  of  tlie  performance  of  a  valve  with  a  2.\in. 
seat.  This  valve  was  blown  at  1501bs.  gauge  and  showed 
under  the  existent  regulation  51bs.  blowdown  and  almost  no 
warmng.  That  it  may  be  clearly  understood,  it  has  been 
transferred  to  a  diagram,  Fig.  9，  having  rectilinear  axes,  on 
which  IS  plotted  the  scale  of  lifts  which  resulted  from  calibrat- 
ing the  recording  lift  gauge  with  an  accurate  micrometer. 
The  sudden  pop  lift  is  shown  at  A  and  the  corresponding  sus- 
tained lift  at  B.  The  variations  in  lift  at  B  are  further 
evidence  of  the  readjustments  of  pressure  which  determine  the 
pop  and  sustained  lifts.  The  dihcliarge  capacity  of  this  valve 
was  such  tliat  the  popping  pressure  was  not  maintained,  and 
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tlic  furvo  from  U  to  C  sliows  the  roihu't  ion  in  lilt,  wliitli  in  t  his 
tyjH>  always  correspoiuls  to  ； i  rediu'lii)n  in  lioilor  !)r(、ssim、.  At 
0  the  valve  closed  siuUlonly  witli  less  than  half  its  initial  sus- 
taimul  lift  provailini^. 

Ki".  10  shows  (he  same  valve  with  its  outside  or  blowdown 
viiiir  lowered  slight Iv.  This,  liko  the  one  preceding,  is  a  photo- 
^nx^Ai  of  the  actual  diagram  and  has  not  be^ii  transferred  to 
rectilinear  axes  because  of  the  clifficulty  in  showing  the  lUu-tua- 
tions  in  lift. 

It  was  decided  "-t'ter  the  two  preceding  diagrams  were 
secured  to  change  to  a  smaller  valve  of  lower  discharge 
capacity  under  which  the  pressure  could  be  regulated  as 
desired.  The  new  rules,  if  put  into  force,  will  allow  G  per 
cent,  accumulation  of  pressure,  and  the  three  next  diagrams 
show  what  advantage  may  be  taken  of  this  accumulation. 

Fig.  H  is  a  chart  taken  from  a  2in.  valve  in  which  the  pres- 
sure was  not  allowed  to  accumulate.  The  low  closing  lift  in 
comparison  to  the  sustained  lift  is  to  be  noted.  Fig.  12  shows 
the  same  valve  with  an  accumulation  of  pressure  over  the 
opening  pressure  of  4  per  cent. 

In  Fig.  13  the  valve  was  regulated  to  give  a  low  sustained 
lift  and  was  then  given  the  full  6  per  cent,  accumulation.  The 


Fig.  16. ― Steam  Safety  Valvk  of  Approvkd  Dksigx. 

discharge  capacity  at  6  per  cent,  accumulation  is  more  than 
100  per  cent,  greater  than  that  at  the  opening  pressure.  The 
low  closing  lift  is  to  be  noted  as  before.  The  blowdown  on 
this  valve  was  about  21bs.,  so  that  this  chart  was  made  between 
a  maximum  pressure  of  1591bs.  and  a  minimum  pressure  of 
1481bs. 

The  diagram  (Fig.  14)  shows  the  characteristics  of  a  safety 
valve  that  is  absolutely  new  both  in  conception  and  results. 
It  has  been  the  aim  of  safety-valve  designers  to  produce  a  valve 
which  relieves  a  boiler  with  an  action  that  is  smooth  and  con- 
taining as  few  sudden  fluctuations  in  pressure'  as  is  possible. 
The  ideal  safety  valve  for  practical  purposes  is  one'  in  which  a 
reasonably  low  lift  is  maintained  at  the  popping  pressure,  but 
one  which  will  an  the  slightest  accumulation  respond  with  an 
extremely  high  lift  to  take  care  of  the  emergency.  If  a  low 
lift  is  available-  at  the  popping  pre.ssure  for  ordinary  relief,  a 
low  blowdown  may  be  incorporated,  the  condition  imposed  by 
absolute  safety  being  that  at  slightly  above  the  popping  pres- 
sure the  lift  will  have  increased  to  such  an  extent  that  any 
possible  emergency  will  be  taken  care  of. 

Fig.  14  shows  a  diagram  from  a  valve  that  produces  the 
above  action  and  is  what  may  be  called  a  second-opening  valve. 
Many  of  this  type  have  been  built,  and  it  has  been  found  that 
with  the  proper  regulation  of  rings,  all  valves  having  two  rings 
will  produce  this  action  in  modified  form.  Imagine  first,  one 
of  the  ordinary  type  blown  with  the  outside  ring  removed. 
This  would  result  in  a  low  lift  and  a  very  low  blowdown. 
Now  suppose  that  the  blowdown  ring  is  in  place,  but  that  it  is 
given  such  a  large  initial  clearance  that  the  valve  will  act,  if  it 
has  sufficient  capacity  to  relieve  the  boiler,  exactly  as  before, 
but  if  it  has  not  the  required  capacity,  the  pressure  will 
accumulate  and  the  increase  of  lift  resulting  with  only  the 
inner  ring  in  action  will  finally  bring  the  outer  ring  into  action 


a  11(1  a  second  pop  will  occur.  Tliis  po])  will  result  in  a  hi^h 
lit t  wit h  I'oiTespondin^  lii^^h  (lisclmrge  ('； ipacity,  and  tli"  v.-ilvf 
size  tnay  l)e  [)rt)|>(>i  t  ionecl  to  givii  the  required  safety. 

There  is  reason  to  believe  that  we  sliall  soon  have  Ixjilers 
that  will  operate  at  GOOlhs.  A  A\n.  valve  set  at  GOO  lbs.  will 
have  a  spring  load  of  approximately  7,54011)8.,  or  aljout  3 A 
tons.  If  a  2in.  valve  can  be  const ructed  to  give  twice  t lie  lift 
of  the  4in.,  it  will  have  the  same  discharge  capacity,  hut,  its 
spring  load  will  be  only  one-quarter  as  great.  In  other  words, 
the  discharge  capacity  varies  as  the  fi rst  power  of  the  diameter 
and  the  lift,  but  the  spring  load,  which  is  independent  of  the 
lift,  increases  as  the  square  of  the  diaineter.    It  seems  clear 


Fig.  17.— Marine  Valvk  of  Approved  Df.sign. 

from  this  that  liigh-pressure  boilers  will  of  necessity  require 
small-diameter  high-lift  valves. 

The  effect  of  back  pressure  in  the  casing  of  a  safety  valve 
has  been  much  discussed.  It  has  been  said  that  it  may 
operate  in  two  ways  to  reduce  the  discharge  capacity,  first,  the 
effective  lifts  may  be  reduced,  and  second,  it  has  been  held  that 
back  pressure  reduces  the  efficiency  of  discharge  of  the  orifice. 
It  any  of  the  disc  area  is  exposed  to  back  pressure,  the  lifts  will 
be  reduced  to  some  extent,  but  consideration  of  the  theory  of 
flow  through  an  orifice,  and  particularly  a  standard  orifice, 
brings  out  the  fact  that  as  long  as  the  back  pressure  in  the 
casing  is  less  than  0'6  of  the  boiler  pressure,  the  discharge  of 
the  orifice  is  not  affected. 

There  are  many  economical  advantages  to  be  gained  by  a 
valve  til  at  will  operate  without  harmful  effect  of  back  pressure. 
First,  the  sizes  of  discharge  ]>ipes  may  be  reduced,  and  se<?ond, 
several  valves  may  be  connected  into  a  common  discharge 
pipe.  Fig.  15  shows  a  valve  that  has  the  foregoing  advan- 
tages. In  the  first  place  valves  of  high  lift— and  by  that  is 
meant  liiglier  lift  than  any  of  those  obtainable  at  present ~ 
must  be  guided  from  above,  as  guides  in  the  base  will  cause 
too  great  a  drop  in  pressure  on  the  disc  area.  In  this  view  the 
disc  is  made  in  the  shape  of  a  hollow  piston,  which  is  guided 


Fig.  ly.— Valvk  with  •'  Jet  Action." 

by  a  cylindrical  sleeve  enclosing  the  spring  chamber.  The  fit 
between  these  is  extremely  loose,  and  no  attempt  is  made  to 
prevent  leakage  by  the  disc.  This  loose  fit  ensures  that  the 
disc  will  not  bind  because  of  expansion  or  contraction  between 
the  members  due  to  temperature  changes,  and  is  long  enough 
in  relation  to  the  diameter  of  the  disc  so  that  it  will  never  cock. 
Its  looseness  alone  ensures  that  the  disc  will  come  to  a  uniform 
bearing-  on  the  seat,  and  it  has  been  found  that  under  no  con- 
ditions of  back  pressure  has  the  leakage  by  it  been  sufficient 
to  produce  pressure  in  the  spring  chamber,  which  is  always 
fitted  with  a  vent.  With  this  type  the'  back  pressure  may  be 
built  up  to  nearly  0*6  of  the  boiler  pressure  without  hampering 
the  discharge  capacity,  and  since  the  back  pressure  is  a  result 
of  the  effective  opening  of  the  valve,  it  has  no  effect  whatever 
on  regulation  if  it  is  brought  about  by  the  means  shown.  In 
the  case  of  duplex  or  triplex  valves  having  a  comniou  discharge 


104 


THE   MECHANICAL  ENGINEER- 


[August  11,  1916 


pipe,  the  opening  of  one  will  tend  to  open  the  other,  owing  to 
the  exposed  area  outside  the  seat  and  the  impossibility  of  back 
pressure  acting  downward  on  the  disc. 

Fig.  16  shows  stationary  type  and  Fig.  17  the  proposed 
marine  type  of  exceedingly  large  capacity.  It  must  be  under- 
stood that  the  commercial  types  of  valves  shown  in  these  illus- 
trations do  not  depend  on  back  pressure  for  any  part  of  their 
action,  but  are  in  every  case  adapted  to  work  with  it,  without 
harmful  effect.  Having  shown  a  valve  in  which  there  is  sub- 
stantial increase  in  discharge  capacity  over  those  in  use  at 
present  and  having  demonstrated  that  this  may  be  accom- 
plished with  lower  closing  lifts  than  are  now  the  rule,  atten- 
tion is  called  to  a  possible  improvement  in  this  type.  The 
reader  will  have  noticed  that  in  all  the  types  shown  the  passage 
turns  upward  from  the  seat  region,  and  it  is  also  clear  that,  so 
far  as  the  area  conditions  go,  it  might  as  well  be  turned  down- 
ward. If  it  is  turned  downward,  the  area  conditions  will 
remain  constant,  as  illustrated  by  Fig.  18，  but  there  will  be 
available  as  lifting  force  a  factor  which  would  act  upward 
in  the  disc  and  which  is  commonly  known  as  a  jet  action.  A 
few  valves  of  this  type  have  been  constructed,  and  the  results 
gained  have  been  convincing  of  their  possibilities.  Enormous 
lifts  have  been  attained  with  the  same  absence  of  shock  at 
closure  as  with  valves  herein  described.  The  problem  has  been 
by  no  means  solved,  but  advances  have  been  made  in  a  direc- 
tion that  tends  to  indicate  that  it  will  be  solved  finally  and  will 
result  in  enormous  discharge  capacities  per  inch  of  valve 
diameter  with  the  same  efficiency  per  unit  of  lift.  It  is  clear 
from  a  consideration  of  the  diagram  that  the  force  due  to  jet 
action  will  not  be  destroyed  by  back  pressure,  as  the  velocity 
of  the  issuing  jet  of  steam  is  a  function  of  the  orifice  pressure, 
which  pressure  is  not  affected  by  the  back  pressure. 


LIGHT  AND  ILLUMINATION.* 

BY  DR.  CHARLES  P.  STEINMETZ. 

Illuminating  engineering,  that  is,  the  art  of  producing  light, 
is  relatively  one  of  the  most  encouraging  branches  of  engineer- 
ing, as  it  has  in  the  last  10  or  15  years  shown  a  wonderful 
progress  in  increasing  the  efficiency  of  light  production  many 
fold.  At  the  same  time,  however,  we  may  also  say  that  in  the 
field  of  producing  light  is  met  a  discouraging  branch  of  engi- 
neering, because  in  spite  of  the  great  progress  made  in 
economy  of  lighting,  as  illustrated,  say,  in  the  gas-filled 
" Mazda  "  lamp  of  to-day,  the  efficiency  is  still  only  about 
4  per  cent.,  and  96  per  cent,  of  the  energy  consumed  in  the 
lamp  is  wasted.  Although  the  efficiency  is  still  low,  never- 
theless the  advance  from  the  days  when  the  efficiency  of  lig^ht 
production  measured  a  fraction  of  1  per  cent.,  compared  with 
that  made  in  the  last  10  or  15  years,  means  that  we  can  hope 
for  still  greater  improvement  in  the  future.  A  wide  field  for 
such  improvement  remains,  and  instead  of  producing  2  c.p, 
per  watt,  possibly  20  c.p.  or  more  may  eventually  be  obtained. 

It  should  be  realised  that  the  artificial  production  of  light 
for  illuminating  purposes  is  comparatively  recent,  much  more 
recent  than  is  generally  understood.  I  remember,  for 
instance,  my  grandmother  telling  me  that  when  she  was  young, 
resinous  pine  sticks  were  their  only  means  for  lighting  ；  that 
was  not  so  very  long  ago,  and  not  in  the  wilderness,  but  in  a 
civilised  country.  In  my  time  vegetable  oils  were  also  used 
to  illuminate,  and  I  remember  the  first  kerosene  lamps,  and 
that  they  had  the  reputation  of  being  dangerously  explosive 
and  required  careful  handling.    Gas  was  the  street  illuminaiit. 

Then  came  the  electric  lamp.  I  remember  the  first  incan- 
descent lamp  tried  in  my  native  city  for  street  lighting,  early 
in  the  80's.  I  do  not  know  whether  it  was  a  50-volt  or  a 
100-volt  lamp.  It  was  a  small  affair,  giving  a  comparatively 
dull  reddish  yellow  light  not  especially  attractive.  The  first 
arc  lamp  there,  however,  was  very  different.  Its  exhibition 
was  one  of  the  startling  features  ；  the  whole  city,  about  the 
size  of  Washington,  came  to  see  the  remarkable  illuminant. 
All  those  things —— incandescent  lamps,  arc  lamps,  even  kerosene 
lamps,  all  our  illuminants ― are  still  within  the  memory  of 
living-  generations.  The  whole  field  of  lighting  is  really  so  new 
that  onlv  a  very  few  generations  back  there  was  practically  no 
artificial  illumination  applicable  for  general  use. 

•  Paper  presented  at  a  ioint  meeting  of  the  electrical  section  of  the  Western 
Society  Engineers  and  the  Chicago  section  of  the  American  Institute  of  Electrical 
Engineers,  October  26th,  1915. 


In  view  of  the  progress  of  the  art,  within  two  generations, 
turning  night  into  day,  as  it  were,  for  useful  work,  we  can 
imagine  what  future  generations  may  accomplish,  when  we 
consider  that  there  is  still  such  a  vast  field  for  further  improve- 
ments in  efficiency. 

Artificial  light  has  always  been  produced  by  heat,  first,  by 
the  heat  of  combustion^  by  burning  pine  sticks,  vegetable  oil, 
coal-oil,  kerosene,  gas,  &c.  ；  and,  second,  when  the  electric  light 
came,  in  the  same  general  way  by  heating  the  incandescent 
filament  or  the  tip  of  the  arc  lamp  carbon  to  a  high  tempe- 
rature by  means  of  the  electrical  energy  put  into  it.  Heat  is 
produced  in  all  these  methods  of  lighting,  and  a  small  part  of 
the  heat  comes  out  as  light.  The  light  is  practically  a  by- 
product of  the  heat  generated. 

The  first  real  advance  beyond  this  way  of  obtaining  light 
was  made  by  Auer  von  Welsbach,  who'  originated,  in  the 
Welsbach  lamp,  a  method  of  lighting  not  dependent  directly 
and  wholly  upon  heat,  but  giving  an  illumination  many  times 
greater  than  any  merely  incandescent  body  would  give  at  the 
same  temperature.  That  was  the  first  step  toward  a  different 
method  of  producing  light,  a  method  that  holds  out  a  promise 
of  possibility  of  efficiency  greater  than  in  producing  light 
through  temperature,  that  is,  solely  by  heat. 

To  understand  the  subject  better,  let  us  first  consider  what 
light  is.  If  a  spring  is  slowly  and  regularly  vibrated  away 
from  a  contacting  stop,  we  hear  the  stroke  of  each  individual 
vibration.  By  moving  it  faster  and  faster  until  the  frequency, 
or  rate  of  vibration  is  about  30  per  second,  the  ear  will  no- 
longer  distinguish  the  individual  vibrations  ；  they  would  run 
together,  and  blend  into  a  continuous  note,  the  deep  bass  C. 
If  the  spring  is  moved  still  faster,  we  would  continue  to  hear 
a  continuous  note,  of  a  higher  pitch,  however,  corresponding  to 
the  particular  rate  of  vibration. 

This  result  can  readily  be  accomplished  by  means  of  a  star 
wheel  arranged  to  rotate  at  any  desired  speed  up  to  a  very 
high  rate,  the  teeth  of  which  strike  against  a  flat  spring.  For 
instance,  if  the  speed  be  such  as  to  obtain  250  vibrations  per 
second,  they  are  heard  as  a  note  in  the  middle  C  ；  and  if  the 
speed  sroes  on  increasing,  we  successively  disting^uish  the  notes 
D，  E，  F，  G,  A,  B,  and  finally,  at  500  vibrations,  the'  next  higher 
C  of  the  musical  scale,  or  C  in  the  next  hig^her  octave.  If  the 
rate  of  vibration  be  decreased  from  250,  from  middle  C，  down 
to  half  as  many,  or  125  vibrations  per  second,  we  hear  the 
bass  C，  the  C  of  the  next  lower  octave. 

So  vou  see  there  is  a  definite  scale  for  the  frequency  of 
vibration  embraced  in  the  octave,  which,  however,  was  origi- 
nated long  before  people  knew  musical  notes  were  the  result 
of  vibrations.  And  a  system  for  the'  various  frequencies  of 
sound  vibration  has  been  established  in  the  musical  scale  in 
which  the  octave  is  the  unit.  The  octave  changes  from  two  to 
one  ；  every  time  the  frequency  of  vibration  is  doubled  the  same 
7iote  of  the  next  higher  octavo  is  produced  ；  if  the'  frequency 
is  decreased  to  half,  the  same  note  of  the  next  lower  octave 
results. 

But  there  is  a  limit  to  the  ability  of  the  ear  to  take 
coe^nisance  of  vibrations.  Going  from  low  to  high  and  st'i】l 
higher  vibrations  the  ear  hears  them  progressively  as  musical 
notes  of  higher  and  higher  pitch,  finally  becoming  a  screechy 
noise,  no  longer  musical,  when  the  rate  reaches  thousands  of 
vibrations  per  second,  and  eventually  a  limit  is  attained  geiVe- 
rallv  between  6,000  and  8,000  vibrations,  when  the  ear  ceases 
to  hear  them,  although  sound  waves  are  still  being-  set  up  in 
the  air  and  impinge  upon  the  ear.  The  rate  of  vibration  at 
which  hearing  stops  is  not  the  same  with  everyone  ；  different 
persons  hear  higher  up  or  lower  down  in  the  scale ;  but  in 
general  the  range  of  frequency  of  vibration  which  can  be  heard 
as  continuous  sound  or  note  is  from  about  30  vibrations  per 
second,  the  deepest  bass,  up  to  6,000  to  8,000,  the  highest 
pitch,  embracing,  say,  six  to  eight  or  nine  octaves. 

Now  suppose  we  go  still  higher  in  frequency,  not  in 
thousands  but  in  tens  and  hundreds  of  thousands,  and  even 
UD  to  hundreds  of  millions  of  millions  of  vibrations  per  second. 
We  can  then  again  perceive  them  with  our  senses,  not,  how- 
ever, witli  the  ear  as  sound,  but  with  the  eye  as  li^ht. 

Naturally  vibrations  at  the  rate  of  hundreds  of  millions  of 
millions  per  second  cannot  be  produced  by  any  mechanical 
device,  as  the  star  wheel  before  mentioned  ;  no  body  can  be 
moved  aiiicklv  enough  to  accomplish  it.  Moreover,  the  air 
cannot  be  utilised  to  transmit  such  rapid  waves,  because  air. 
however  thin  it  may  appear  to  us,  is  altogether  too  dense  and 
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hrav V  a  body  to  move  so  rapidly.  Such  ox(  roitiely  rapid 
vibrations  have  to  he  t raiisiiiitt otl  l)y  a  imnlium  inliiiitel y 
thinnor  and  li*,' liter  than  air,  the  universal  ether,  which  is 
sn|>|>ot5ed  to  pervade  all  space  and  all  matter  and  transmits 
these  very  liigli  trequeiu'v  waves,  some  of  wliich  we  can  see  as 

When  the  rate  of  vibration  of  t  his  ether  is  about  tour 
hundred  millions  of  millions  per  second,  the  eye  begins  to  see 
it  as  dark  reddush  light .  At  progressively  increasing  fre- 
(iiiem'v  we  see  it  successively  as  orange,  yellow,  green,  blue,  and 
violet  lii^ht',  until  the  rate  reaches  seven  hundred  millions  of 
millio"、、  when  its  effect  upon  the  eye  ceases  and  darkness 
ensues.  There  is,  however,  a  frequency  of  vibration  of  the 
ether  far  beyond  this,  hundreds  of  times  faster  than  the  fre- 
quency of  light.  What  we  know  as  X-rays  are  p-erhaps  the 
ultimate  result  of  exceedingly  rapid  vibrations,  amounting  to 
many  thousands  of  millions  of  millions  per  second. 

We  have  seen  that  there  is  a  range  of  vibration  xij>  to 
8,000  per  second  perceptible  to  the  ear,  the  air  transniitting 
these  comparatively  slow  vibrations  as  sound.  Then  there  is 
another  range  of  vibrations  up  in  the  hundreds  of  millions  of 
uiillions  transmitted  by  the  ether,  which  the  eye  perceives  as 
light.  The  range  of  trequency  of  sound  waves  is  very  wide, 
embracing  about  eight  or  nine  octaves  ；  but  the  range  to  which 
the  eye  is  sensitive  is  only  from  about  four  hundred  millions 
of  millions  to  seven  hundred  millions  of  millions,  relatively 
less  than  one  octave.  That  is,  the  fastest  vibrations  which  the 
eye  can  see  are  less  than  twice  the  slowest  ones.  Therefore,  as 
regards  the  range  of  frequency  of  vibration  the  eye  is  much 
less  sensitive  than  the  ear  ；  the  eye  perceives  less  than  one 
octave,  while  the  ear  is  sensitive  to'  over  eight  octaves. 

Now  let  us  consider  ways  of  producing  sound  waves. 
When  one  body  is  hit  by  another,  say,  by  striking  the  table 
with  a  hammer,  we  hear  a  sound.  Energy  is  expended  by  the 
blow  and  produces  a  mixture  of  vibrations  of  many  different 
frequencies  with  no  fundamentally  predominating  and  con- 
trolling frequency,  which  are  communicated  to  the  air  ；  the 
different  frequencies  result  in  a  mixture  of  corresponding  notes 
that  are'  discordant  or  disagreeable  in  the  musical  sense,  and 
thus  we  call  such  a  sound  a  noise.  Other  noises,  because  pro- 
duced by  other  different  mixtures  of  vibrations  of  many  fre- 
quencies, result  from  dragging  a  stone  over  a  rough  surface, 
permitting  air  under  pressure  to  escape  from  a  nozzle,  swishing 
a  whip  through  the  air,  &c. 

Suppose  instead  of  striking  the  table  with  a  hammer,  I 
strike  a  stretched  steel  wire,  for  instance,  one  of  the  wires  in 
a  piano.  What  is  the  result?  The  wire  can  vibrate  as  a 
whole  at  only  one  definite  fundamental  frequency,  which 
determines  the  pitch  of  the  note  produced.  It  is  true'  that 
superposed  upon  this  vibration  there  may  be  others  of  a 
greater  frequency,  but,  when  present,  they  are  so  secondary  to 
the  fundamental  wave  as  only  to  affect  its  shape  in  a  minor 
degree,  to  the  extent  of  determining  the  timbre  or  quality  of 
the  note  and  not  its  pitch,  and  do  not  cause  a  musically  dis- 
cordant result,  that  is，  the  vibration  of  the  wires  does  not 
merely  make  a  noise.  It  is,  then,  not  able  to  vibrate  like  the 
table  with  a  heterogeneous  mixture  of  discordant  vibrations  of 
all  kinds  of  frequencies  with  no  controlling  frequency,  pro- 
ducing only  a  noise  ；  the  wire  vibrates  at  a  particular  fre- 
quency, and  the  resulting  sound  will  be  a  note,  which,  of 
course,  is  a  noise  in  the  most  general  sense,  but  not  in  tlie 
musical  sense. 

If,  for  another  illustration,  instead  of  making  a  noise  by 
dragging  a  stone  over  a  rough  surface,  I  drag  a  bow  across  a 
violin  string,  the  energy  communicated  will  make  the  string 
move,  but  being  able,  like  the  piano  wire,  to  move  only  at  one 
particular  rate  of  vibration  it  will  produce  a  definite  note,  the 
particular  note  obtained  depending  upon  the  length  of  the 
string  and  tension  upon  it. 

Again,  take  the  case  of  an  air  blast  escaping  from  a  nozzle 
with  a  hissing  noise.  If  I  properly  place  a  tin  tube  over  the 
"ozzle，  the  air  in  the  tube  will  vibrate,  but,  like  the  piano  wire, 
some  particular  frequency  depending  upon  the  length  of  the 
pipe;  thus  the  air  blast  can  no  longer  cause  an  adventitious 
mixture  of  vibrations,  but  only  that  particular  one  which  the 
pipe  permits,  and  we  get  a  definite  note. 

So  you  see  we  can  create  a  noise  by  any  sort  of  impact,  but 
to  get  a  definite  note,  that  is,  a  noise  produced  by  a  definite 
frequency,  the  body  which  is  set  in  motion  must  be  so  shaped 


that  it  can  move  only  at  oiio  <l('rmi"，  tuiHlarnoiit al  rnio.,  liko 
the  violin  string  or  the  sirotchiMl  piano  wire  or  tlie  air  column 
in  the  pipe. 

The  art  of  creating  and  rtiakiug  musical  insirurneniH  has 
always  been  to  shape  the  material  so  as  to  {roX  waves  of  vibra- 
tioii  of  definite  stable  fre<i[uen(*ies  aud  shape,  the  shape  (giving 
the  difference  in  quality,  colour,  or  timbre  of  tlie  notes  of  the 
different  musical  instruments.  There  must  also  he  a  rational 
method  of  supplying  energy  for  producing  such  vil)ratioiis,  })y 
a  felted  hammer,  as  in  the  piano,  or  a.  bow,  as  with  t he  violin, 
otherwise  only  a  jarring  noise  is  likely  to  result. 

Analogous  methods  can  })e  applied  to  obtain  vibrations  of 
the  ether  millions  of  millions  times  faster  than  sound  waves, 
and  which  the  ear  cannot  liear  but  the  eye  can  perceive.  If 
we  put  energy  into  a  body  by  heating  it，  the  body  will  send 
out  ether  vibrations  at  this  higher  rate.  The  collective  vibra- 
tions thus  obtained,  translated  into  the  language  of  sound, 
would  be  a  noise,  a  mixture  of  waves  of  all  kinds  of  vibrations 
with  no  particular  fundamental  frequency.  If  we  heat  the 
body  to  incandescence  the  same  result  is  obtained.  Now  some 
of  the  waves,  those  which  happen  to  be  in  the  three-quarter 
octave,  will  be  visible  to  the  eye  ；  while  others  in  this  ether 
noise,  this  mixture  of  vibrations,  may  be  too  fast  or  too  slow 
to  be  seen. 

Let  us  see  how  we  can  get  some  definite  rate  of  vibration, 
some  definite  frequency  of  light.  To  get  a  definite  frequency 
of  sound  you  have  seen  that  the  vibrating  body,  the  violin 
string,  the  piano  wire,  or  the  organ  pipe,  must  be  properly 
proportioned.  For  example,  to  get  with  an  organ  pipe  a 
vibration  of，  say,  250  per  second,  the  pipe  should  be  about  4ft. 
long,  because  a  column  of  air  that  length  is  able  to  vibrate  at 
the  required  rate'.  But  if  the  vibration  is  to  be  at 
the  rate  of  five  hundred  millions  of  millions  of  cycles  per 
second,  which  would  produce  a  greenish-yellow  light,  naturally 
the  body  to  be  moved  at  that  rate  must  he  extremely  small. 

Now  the  smallest  body  which  is  available  is  the  chemical 
atom.  In  a  piano,  when  a  particular  note  is  to  be  sounded, 
the  key  corresponding  to  the  wire  having  the  correct  length 
and  tension  is  struck.  But  we  cannot  strike  each  individual 
atom  of  the  steel  wire  separately.  It  is  much  more  difficult  to 
get  a  single  atom  into  vibration  by  putting  energy  into  it  than 
to  get  a  piano  wire,  violin  string,  or  a  column  of  air  vibrating, 
because'  we  cannot  act  upon  each  vibrating  atom  directly,  but 
only  on  a  big  mass  of  them. 

Atoms  can,  however,  individually  be  set  in  vibration  by 
various  means.  If  an  e】ectric  current  is  sent  through  a  gas  or 
vapour  under  low  pressure  in  a  vacuum  tube,  the  individual 
atoms  are  set  in  vibration,  and  move  with  their  own  definite 
frequency,  just  as  do  the  violin  string  or  the  piano  wire,  and 
give  out,  not  an  atomic  noise,  so  to  speak,  but  atomic  notes  of 
definite  frequency.  But  while  the  violin  string  gives  one 
frequency  only,  one  note  to  the  single  string,  we  know  now 
that  the  so-called  chemical  atom  is  not  a  simple  thing,  but  has 
a  very  composite  structure,  and  that  it  does  not  give  a  single 
note,  but  quite  a  number  of  different  notes,  corresponding  in 
a  measure  to  the  sound  produced  by  simultaneously  striking 
a  number  of  piano  chords. 

The  chemical  atom,  therefore,  gives  a  mixture  of  vibrations, 
not,  however,  as  we  get  in  noise,  a  mixture  of  all  kinds  of 
heterogeneous  vibrations,  but  a  definite  number  of  separate 
definitely  related  vibrations,  a  so-called  spectrum,  representing 
the  vibrations  that  the  different  components  of  the  atoms, 
whatever  they  may  be,  are  capable  of  producing.  There  may 
be  a  very  great  number  of  different  vibrations,  but  with  some 
materials  we  find  in  the  visible  three-quarter  octave  six  diffe- 
rent notes  or  colours,  six  different  prominent  vibrations  con- 
stituting a  spectrum  of  light,  besides  a  number  of  lesser  pro- 
minence and  many  more  outside  the  visible  range.  Tliese 
atomic  vibrations  are  very  complex,  and  the  method  which  is 
very  successful  in  producing  definite  simple  vibrations  of 
sound  waves  at  low  frequency,  absolutely  fails  when  we  come 
to  the  high  frequency  of  light.  The  best  we  can  do  with  the 
atoms  of  gas  or  vapour  is  to  get  a  definite  luimbei'  of  distinct 
and  related  vibrations. 

We  can  produce  a  noise,  or  all  kinds  of  vibrations,  at  the 
high  frequency  of  light,  for  instance,  by  heating,  just  as  well 
as  it  can  be  done  at  the  low  frequency  of  sound  by  impact. 
And  atom-noise  is  really  what  is  wanted  for  lighting.  A 
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definite  frequency  is  undesirable  ；  for  example,  a  light  which 
had  only  one  definite  frequency,  say,  the  frequency  of  five 
huiid red  millions  of  millions,  would  be  greenish-yellow,  and 
would  show  everything  of  one  colour.  Therefore,  at  least  for 
general  lighting,  a  mixture  of  frequencies  is  needed ― what  in 
sound  we  call  a  noise. 

In  the  range  of  sound  for  many  jnu' poses ― for  signalling, 
drawing  attention,  &c, ― a  noise  is  generally  just  as  good  as  a 
note.  What  we  are  after  is  volume  of  sound,  regardless  of 
whether  by  a  noise  or  a  single'  note,  but  in  lighting  what  is 
wanted  is  really  a  noise.  In  sound  waves  the  range  generally 
perceptible  is  eight  octaves  ；  practically  any  mixture  of  fre- 
quencies ill  making;  a  noise  will  usefully  fall  in  the  audible 
range,  and  very  little  will  be  wasted.  But  in  a  mixture  of 
frequencies  of  hundreds  of  millions  of  millions  of  cycles  of  light 
\va ves  tlie  visible  part  is  only  three-quarters  of  an  octave,  and 
ill  such  a  mixture  a  considerable  part  of  the  vibrations  is  sure 
to  fall  outside  the  visible  range,  and  become  wasted  as  light. 
Thus  the  difficult  problem  of  producing  useful  light  is  not  only 
to  produce  all  kinds  of  frequencies  of  vibration,  but  to  pro- 
duce as  large  a  part  of  them  as  possible  within  the  three- 
quarter  octave  that  can  be  seen. 

A  most  convenient  method  of  producing  frequencies  of 
millions  of  millions  of  cycles  is  by  heat,  by  raising  the  tempe- 
rature of  the  body  that  is  to  radiate  the  vibrations,  A  steam 
heated  radiator  will  send  out  vibrations  at  the  rate  of  many 
millions  of  millions  of  cycles,  but 
they  will  be  just  a  little  too  slow- 
to  come  within  the  visible  three- 
quarter  octave  and  are  thus  not 
perceptible  to  the  eye. 

Most  of  the  vibrations  from 
ahiminium  at  the  melting  tem- 
perature, probably  99'75  per 
cent.,  are  too  slow  to  be  visible, 
but  a  very  small  percentage  have 
a  liigli  enough  rate  to  be  just 
within  the  visible  range,  where 
the  eye  perceives  them  as  red, 
orange,  and  yellow,  with  pos- 
sibly a  trace  of  green.  The  general 
result  is  a  dull  red  orange  colour. 

At  a  higher  temperature 
higher  frequency  radiations  are 
obtained.  At  the  temperature  of  - 
melting  iron  more  than  99  per 
cent,  of  the  vibrations  are  too 
slow  to  be  seen  ；  most  of  them  、- 
appear  in  the  lower  end  of  the 
three-quarter  octave,  as  red, 
orange,  and  yellow,  with  some 
green,  a  few  blue,  and  still  fewer 

violet  radiations,  the  colour  mixture  appearing  nearly  white.  In 
the  visible  three-quarter  octave  the  slowest  vibrations  appear 
red  and  the  fastest  are  violet,  and  from  the  fastest  to  the 
slowest  throughout  the  visible  range  the  colours  are  succes- 
sively red,  orange,  yellow,  green,  blue,  and  violet,  just  as  we 
have  the  octave  of  sound  waves  divided  into  notes,  C，  1)，  E, 
F，  Gj  A，  B，  and  the  ii^xt  C.  The  next  C  has  no. equivalent  in 
light,  that  is,  in  passing  over  the  visible  spectrum  from  red  to 
violet,  red  is  not  repeated  again  beyond  the  violet,  the 
spectrum  of  vibrations  continues  on,  however,  beyond  the 
violet  into  an  invisible  region  known  ay  the  ultra-violet. 

At  a  still  higher  temperature,  for  instance,  the  temperature 
of  melting  tungsten,  the  percentage  of  frequencies  of  vibration 
that  come  within  the  three-quarter  octave  increases  to  5  or 
6  per  cent.  We  get  red,  orange,  yellow,  considerable  green 
and  blue  and  some  violet.  The  considerable  increase  in  the 
number  of  higher  frequencies  in  the  blue  and  violet  parts  of 
the  three-quarter  octave  give  a  mixture  which  produces  almost 
a  white  light,  much  whiter  than  in  the  case  of  melting  iron. 

If  the  temperature  is  raised  still  higher,  say,  to-  about 
5，00Cr  C.，  9，00Cr  Fah.,  about  10  or  12  per  cent,  of  the  total 
frequencies  will  fall  within  the  visible  t'lu'ee- quarter  octave. 
The  highest  efficiency  of  light  production  by  heat  would  he  at 
about  5,000''  C'.，  about  the  temperature  of  the  sun. 

(To  ht  continued.) 


STEEL  DRIVING  BELTS  FROM  THE  SAFETY  POINT  OF  VIEW* 

An  article  in  "  Dinglers  Polytechnisches  Journal  "  and  trans- 
lated in  the  "  Journal  of  the  American  Society  of  Mechanical 
Engineers  "  discusses  the  comparative  dangers  of  leather  and 
steel  belts.  That  steel  belts  may  be  used  to  advantage  under 
certain  conditions  there  is  scarcely  any  doubt,  but  whether 
they  are  more  or  less  dangerous  than  leather  belts,  especially 
in  transmission  between  two  floors,  is  still  a  mooted  question. 
Assuming  now  that  two  belts,  one  a  leather  one  and  the  other 
a  steel  one,  run  as  shown  in  Fig.  1.  Let  both  break  on  tlie 
lower  side.  What  will  happen  ？  The  leather  belt,  because  of 
its  weight  and  flexibility,  will  let  its  free  end  fall  down. 
Then,  as  the  pulley  is  still  running,  the  belt  will  continue  to 
move  and  its  ends  will  describe  an  extended  arc.  This  throw- 
ing apart  of  the  ends  of  the  belt  can  become  a  source  of  very 
considerable  danger  for  the  man  on  the  lower  floor,  especially 
if  the  belt  fastening  is  at  one  of  the  ends  of  the  broken  belt, 
which  is  very  likely  to  happen,  because  that  is  where  belts 
usually  break.  In  Fig.  2  the  leather  belt  is  shown  broken 
in  its  tension  or  upper  side.  In  this  case  the  entire  belt  is 
thrown  violently  away  from  its  pulleys,  and  may  easily- 
become  entangled  in  the  running  machinery. 

As  to  the  steel  belt,  it  may  be  assumed  that  its  weight  is 
only  about  one-eighth  that  of  a  leather  belt  designed  for  an 
equivalent  transmission  of  power  ；  hence  the  centrifugal  force 
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Diagrams  showing  thk  Diffkuence  in  the  way  of  Kuptuue  oi'，  Steel  and  Leather  Belting. 

of  a  steel  belt  is  correspondingly  smaller.  The  instant  the 
belt  breaks  the  tension  necessary  for  the  transmission  of 
power  is  lost,  the  belt  has  a  tendency  to  occupy  a  position  in 
a  plane,  becomes  free  of  the  rotating  pulley  and  falls  fiat. 
It  is,  therefore,  unlikely  that  a  steel  belt  can  do  any  harm  if 
broken.  The  likelihood  of  a  steel  belt  inflicting  bad  cuts  is 
over-estimated  J  and  can  be  reduced  by  rounding  its  edges. 
The  contact  with  the  running  steel  belt  may  become  dan- 
gerous if  the  belt  runs  at  a  very  high  speed,  but  contact  with 
a  ieather  belt  is  likewise  dangerous,  and  both  should  be  pro- 
tected by  proper  guards.  Perforated  steel  belts  have  the 
additional  advantage  that  one  can  see  at  a  glance  that  the 
belt  is  running. 

Because  of  its  lack  of  stretching,  it  is  practically  impos- 
sible to  put  on  a  steel  belt  while  the  shaft  is  running,  which 
automatically  eliminates  one  of  the  sources  of  accidents  in 
belt  operation,  and  also  limits  the  field  of  application  of  steel 
belts  to  operations  where  it  is  not  necessary  to  shift  the  belt 
very  often.  For  this  reason  steel  belts  are  not  adapted  for 
use  on  step  pulleys.  Besides,  as  the  steps  on  tlie  pulleys  are 
seldom  in  precise  correspondence  with  each  other,  the  steel 
belt,  because  of  its  lack  of  ability  to  j^tretcli,  is  inaclaptable 
for  this  kind  of  work.  In  engine  lathe  work,  where  men  are 
accustorned  to  shifting  the  belts  from  one  pulley  to  another 
by  hand,  a  steel  belt  would  not  do  at  all.  The  author  con- 
cludes t  hat  I  lie  steel  belt  is  no  more  dangerous  than  tlie 
leather  belt. 
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THE  DESIGN  OF  HIGH-PRESSURE  DISTRIBUTION  SYSTEMS.* 

BY  J.   U.  UK  A  Ul).  M.SC. 

Tiiii  giMiei'al  distribution  ut'  oltvlriciil  energy  to  individual 
consumers  at  lii^li  pressm't'-s  is  of  coniparativeiy  recent  develop" 
inont,  one  ot  the  tirst  schemes  in  this  country  uoing  Uial  which 
was  mauguratetl  in  the  year  11J(U  for  the  purpose  of  supplying 
power  to  shiiJyards  on  the  lyne,  and  which  has  since  grown 
inio  the  exieiisive  system  iliat  now  covers  tlie  principal 
induslnal  districts  ot  Nortluii!il)erlaiRl,  Durham,  and  Norili 
Yorkshire,  iligh  pressuj-es  had  previously  been  used,  but 
only  for  transmission!  purposes  lo  enable  the  pjwer  stations  to 
be  situated  outside  tlie  areas  of  supply  in  order  to  utilise 
special  advantages  such  as  waterfalls,  cheap  sites,  plentiful 
condensing  water,  or  easy  delivery  and  storage  of  coal.  In 
such  cases  the  high-pressure  energy  was  transmitted  to  a  point 
near  the  centre  of  the  area  of  supply  where  the  whole  of  it 
was  transformed  to  low  pressure  tor  distribution  to  the  con- 
sumers. Such  schemes,  for  example,  were  Dr.  Ferraiiti's 
pioneer  high-pressure  transmission  h'om  Deptford  to  London, 
and  various  water-power  schemei:'  in  America  and  on  the 
Continent. 

The  advantages  of  supplying  concentrated  power  loads  of, 
sav，  100  kw.  and  over  direct  from  the  power  station  at  high 
pressure  and  transforming  to  the  working  voltage  at  individual 
sub-stations  adjacent  to  the  load  centres,  have'  since  been 
generally  realised,  and  the  last  decade  has  seen  an  enormous 
development  both  in  the  number  and  in  the  size-  of  such  high- 
pressure  distribution  systems.  Side  by  side  with  the  develop 
me  lit  of  high-pressure  distribution  for  power  purposes,  similar 
methods  were  found  essential  for  the  various  railway  electrifi- 
cation schemes,  and  also  for  the  jmpply  of  power  to  the  larger 
tramway  systems  which  were  spreading  out  over  an  area  that 
it  was  impossible  to  supply  at  low  pressure  from  a  single  power 
station.  Up  to  the  present  the  method  of  distribution  for 
lighting  has  not  been  radically  altered,  although  occasionally 
the  existence  of  a  high-pressure  distribution  system,  primarily 
installed  for  other  purposew,  has  resulted  in  bulk  supplies  being 
given  to  outlying  districts.  It  is,  however,  being  more  gene^- 
rally  realised  that  only  under  exceptional  circumstances  is  it 
possible  to  find  near  the  centre  of  a  large  lighting  load  con- 
ditions which  permit  of  economical  generation,  and  conse- 
quently the  original  Deptford  example  is  being  more  widely 
followed.  In  many  such  cases  owing  to  the  ease  with  which  a 
sub-station  ―  unlike  a  power  station  ―  can  be  installed  in 
almost  any  position,  there  is  a  growing  tendency  to  split  up  the 
more  extensive  and  cumbersome  low-pressure'  networks  into 
several  sections,  each  fed  by  a  separate  sub-station.  As  the 
use  of  electricity  for  lighting  and  other  domestic  piuposes 
increases,  there  is  little  doubt  that  these  sections  will  gradually 
decrease  in  area,  with  a  consequent  increase  in  the  number  of 
high-pressure  feeding  points,  so  that  in  this,  as  in  other 
branches  of  electricity  supply,  the  distribution  will  eventually 
be  at  high  pressure  practically  to  the  consumer's  terminals. 

Not  only  is  the  cost  of  distribution  at  high  pressures  con- 
siderably less  than  at  low  pressures,  but  also  it  is  thus  possible 
for  a  single  power  station  to  supply  economically  over  an 
enormously  greater  area  than  that  which  was  previously  prac- 
ticable, and  in  consequence  by  better  diversity  factor  and 
larger  and  more  efficient  generating  plant  great  reductions 
have  been  effected  in  the  cost  of  electricity.  The  niaxiniuni 
economy  from  these  advantages  is  still  far  from  being  obtained, 
and  there  is  therefore  every  prospect  that  in  the  future  the 
growth  of  high-pressure  distribution  systems  will  be  equally  as 
rapid  as  it  has  been  in  the  past.  The^ growth  should,  however, 
be  in  size  and  not  in  number,  since  in  order  to  reaj)  the  full 
benefit  of  improved  diversity  factors  and  increased  efficiency  of 
generation  it  is  essential  that  each  system  should  supply  the 
whole  of  the  demands  of  the  area  which  it  serves,  and  also  that 
the  area  served  should  be  as  large  as  possible. 

The  term  "distribution  system  "  is  often  used  in  a  broad 
sense  to  indicate  everything  outside  the  power  station,  but  in 
the  present  instance  it  will  be  restricted  to  mean  the'  mains 
which  convey  the  electrical  energy  from  the  power  stations 
where  it  is  generated  to  the.  sub-stations  where  it  is  trans- 
formed to  a  form  suitable  for  the  consumers'  use,  together 
with  the  switchgear  controlling  them.    The  paper  will  further 
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\)v  limited  to  a  considerat ion  of  3 卞 ha.se  aReniut iiig  cui  rout 
systems,  as  it  is  generally  recognised  that  these  are  must  .suit- 
able Cor  liii^^li  prcssuie  clistrihulioii. 

General  Principles.  -  A  vvell-ck'signcd  dist l  ihul ion  sysloiii  ia 
t  hat.  which  socu i  cs  the  following  esscMit  iai  eJiaraclerislics  ai  a 
minimum  total  annual  cost :  (〃)  Safety  in  operation  both  as 
regards  the  operating  staiV  and  I  lie  public  generally,  (h)  Suit- 
ability of  the  supply  lor  the  purposes  lor  which  it  is  re(iuired. 
{(•)  Freedom  from  interruption  ot  supply. 

Sa t'ety  in  operation  is  of  primary  importance,  since  wilh 
high  pressures  accidents  are  frequently  i'atal  and,  in  this 
count ry  at  any  rate,  no  commercial  advantage  is  considered 
suflk'ieiit  to  justify  unnecessary  danger  to  human  life. 

The  other  two  limitations  have  a  commercial  basis.  In 
all  its  various  uses  electricity  is  a  competitor  with  other  forms 
of  energy,  many  of  them  very  firmly  established,  and  if  it  is 
not  supplied  in  suitable  form,  or  it  the  supply  is  subject  to 
interruption,  the  sale  of  it  will  be  restricted.  For  exam  pie, 
tlie  cost  of  power  is  such  a  small  proportion  of  the  total  cost 
of  running  a  works  that  material  irregularity  in  the  supply 
would  quickly  involve  more  loss  than  the  whole  cost  of  the 
power  bill.  In  such  circumstances  a  supply  of  ele<:tricity 
would  not  be  a  paying  proposition  if  it  could  be  obtained  for 
nothing. 

Failure  of  supply  is  usually  caused  by  the  breakdown  of 
apparatus,  and  the  primary  precaution  is  therefore  careful 
attention  to  the  design,  manufacture,  and  maintenance  of  the 
various  parts  of  the  system  ；  but  since  no  apparatus  can  be 
made  absolutely  immune  from  breakdown  through  external 
damage,  the  secondary  precaution  is  to  make  arrangements  so 
that  the  effe<^ts  of  a  breakdown  to  any  part  of  the  system  are 
localised  as  much  as  possible.  In  some  cases  such  precautions 
may  mean  increased  capital  cost,  but  they  undoubtedly  result 
in  a  net.  economy  if  a  broad  view  is  taken.  Fortunately,  how- 
ever, weli-designed  apparatus  does  not  necessarily  cost  more 
than  badly  designed  apparatus,  and,  as  will  be  seen  later,  it  is 
possible  to  cheapen  the  system  by  closer  localisation  of  break- 
downs. 

The  chief  items  which  make  up  the  annual  cost  are  the 
following,  and  it  is  the  sum  total  of  these  which  should  be  a 
minimum  :  (1)  Interest  on  capital  expenditure.  (2)  Repairs 
and  provision  for  depreciation.  (3)  Switchgear  attendance. 
(4)  Energy  losses  in  the  mains. 

It  may  be  useful  to  consider  briefly  these  items  in  turn, 
and  to  note  in  what  ways  they  are  interdependent  and  how 
they  are  affected  by  the  essential  characteristics  previously 
detailed. 

(1)  It  is  un necessary  to  say  anything  as  to  the  desirability 
of  keeping  down  capital  expenditure  ；  the  chief  danger  is 
usually  lest  this  point  should  receive  too  much  attention  at  the 
expense  of  other  items.  There  is,  however,  a  further  way  of 
reducing  interest  charges,  namely,  by  a  low  rate  of  interest, 
and  this  can  only  be  secured  by  a  permanent  and  steady 
business.  This  is  a  further  argument  for  extending  and  con- 
solidatiner  the  area  of  supply  so  that  the  revenue  of  the  under- 
taking is  less  subject  to  trade  fluctuations. 

(2)  A  low  cost  of  repairs  goes  hand  in  hand  with  low 
flepreciatioii  cliarges,  since  both  depend  on  the  perm anence  of 
apparatus  and  its  freedom  from  breakdown.  Money  is  doubly 
well  spent  on  these  points,  since  it  not  only  reduces  repairs  and 
depreciation,  but  provides  the  first  precaution  already  postu- 
lated as  necessary  to  ensure  security  of  supply. 

(3)  Particularly  in  the  case  of  static  sub-stations,  which 
have  not  an  operating  staff  continually  on  shift,  attendance 
is  largely  a  matter  of  operating  switches  should  a  fault  occur 
on  some  part  of  the  system.  Apart  from  cost,  such  attendance 
is  often  very  difficult  to  arrange  for,  and  there  is  therefore  a 
strong  reason  for  reducing  it  as  much  as  possible.  This  can 
be  done  by  closer  localisation  of  breakdowns  so  that  the  only- 
part  of  the  system  which  is  affected  is  that  in  the  immediate 
nei^lihourhood  of  the  fault,  thus  at  the  same  time  taking  the 
second  precaution  postulated  as  necessary  to  ensure  security  of 
supply.  The  cost  of  attendance  is  not  only  a  question  of 
ainoiuit  but  also  of  quality,  a nd  cheaper  labour  ran  be  em- 
ployed if  apparatus  is  (iesigm)[l  to  prevent  automaticallv  the 
more  serious  mistakes  in  operation.  Such  desitrn  tends  to 
increased  safety  in  operation,  which  has  been  previously  men- 
tioned as  the  first  essential  characteristic  of  the  system . 

(4)  Loss  of  energy  "】 t  he  m  a  ins  can  be  reduced  by  increased 
capital  expeiuliture,  and  it   is  therefore  a  question  of  the 
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correct  balance  between  the  tv, o.  It  can  also  be  reduced  by 
linking  up  the  various  parts  of  the  system  in  order  to  utilise 
the  diversity  of  their  loads,  a  pi* o cess  only  rendered  possible  by 
again  using  means  for  localising  the  effects  of  breakdowns. 

It  is  interesting  to  note  that  the  essential  characteristics  of 
the  system  are  not  incompatible  with  designing  it  on  the  basis 
of  minimum  annual  cost,  since  though  they  may  in  a  few 
cases  increase  the  capital  expenditure  this  is  discounted  by 
savings  in  other  ways. 

The  object  of  this  paper  is  to  endeavour  to  indicate  on  the 
basis  of  the  preceding  general  principles  the  most  suitable 
choice  of  apparatus  and  the  means  whereby  that  apparatus  can 
be  used  to  the  greatest  advantage.  For  this  purpose  the  paper 
will  be  divided  into  the  following  sections  : ― 

工. The  important  points  in  the  clioice  of  individual  appa- 
ratus ： (a)  Mains,     (h)  Switchgear. 

II.  The  inethods  by  which  such  apparatus  may  be  most 
economically  utilised,  the  consideration  of  which  naturally 
tails  into  three  successive  stages.  The  basis  of  the  investiga- 
tions is  :  {(/)  The  determination  of  the  economical  section  of 
mains  ；  that  is  to  say,  the  correct  balance  between  losses  and 
capital  expenditure. 

From  this  it  is  possible  to  consider  progressively  :  (h)  The 
lay-out  of  the  distribution  system  to  give  the  maximum 
economv.    (r)  The  most  suitable  distribution  voltage. 

I  (<7).  Mains. ―  As  it  is  desirable  to  avoid  covering  ground 
which  has  been  recently  covered  by  other  papers  read  before 
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Fig.  1  .—Annual  Cost  per  Milk  of  Interest  and  Depreciation 
FOR  vABious  Types  of  3-phase  Mains. 

the  Institution,  this  section  of  the  paper  will  be  limited  to  a 
brief  consideration  of  the  conditions  which  determine  whether 
underground  or  overhead  mains  are  most  suitable  for  particu- 
lar cases.  Both  have  reached  a  high  degree  of  perfection,  but 
owing  to  the  fact  that  the  conductors  are  exposed,  overhead 
mains  are  necessarily  more  subject  to  breakdowns  than  under- 
ground mains,  so  that  from  the  point  of  view  of  security  of 
supply  the  latter  are  to  be  preferred,  unless  special  circum- 
stances such  as  liability  to  serious  subsidence  increase  the  risk 
of  damage  to  cable.  This  point  is，  however,  not  so  important 
as  might  be  thought,  since  in  spite  of  the  numerous  ways  in 
which  overhead  mains  can  be  damaged  by  snow,  wind, 
lightnin£{,  malicious  damage,  and  short-circuits  due  to  birds, 
flying  straw,  kite  strings,  &c.，  it  is  found  in  practice  from 
extended  experience  that  per  mile  of  main  the  average  number 
of  serious  breakdowns  of  overhead  niaiiis  is  only  about  double 
that  oil  underground  mains.  Overhead  mains  are,  however, 
more  liable  to  cause  temporary  interruptions  of  supply  by 
being  automatically  disconnected  on  transitory  short-circuits 
which  do  not  cause  permanent  daidage.  The  advantage  of 
overhead  mains  is  their  lower  capital  cost,  more  particularly  at 
higher  voltages  ；  this  is  readily  seen  by  glancing  forward  for 
H  moment  to  Fig.  7，  which  shows  comparative  animal  costs  per 
mile  for  various  voltages,  allowing  a  slightly  higher  figure  for 
the  maintenance  of  overhead  mains  and  including  a  reasonable 
figure  for  wayleaves.  For  low  voltages  and  small  sizes  there  is 
not  much  to  rhoose  on  tlie  score  of  cost,  and  underground 
mains  are  therefore  preferable  on  account  of  their  other  advan- 
tages.   As  the  voltage  and  size  increase,  however,  a  coussider- 


able  saving  is  effected  by  the  use  of  overhead  mains  ；  and  such 
saving  is  often  increased  by  the  difficulty  in  finding  direct 
routes  for  cables  in  the  open  country  where  roads  are  few  and 
winding. 

While  it  will  be  seen  from  the  foregoing  that  the  use  of 
overhead  lines  in  open  country  is  frequently  fully  justified, 
they  have  further  disadvantages  which  must  always  be  borne 
in  mind,  viz.  :  {a)  They  usually  require  a  special  wayleave. 
(A)  The  inductive  drop  is  much  greater  than  that  of  an 
equivalent  cable,  (r)  If  overhead  lines  are  run  in  parallel 
with  cables  neither  can  be  operated  at  their  maximum 
economy.  (d)  They  tend  to  lower  the  power  factor  of  the 
system  as  a  whole. 

(") The  objection  to  wayleaves  is  not  so  much  their  cost 
as  the  trouble  and  delay  in  obtaining  them,  and  the  fact  that 
they  can  seldom  be  bought  outright.  The  anomalous  and 
conservative  provisions  of  English  law  in  this  matter  have 
been  recently  discussed  both  by  Mr.  Welbourn  in  his  paper  on 
high-tension  overhead  lines  and  by  Mr.  C.  Vernier  in  his 
address  to  the'  Newcastle  Local  Section,  and  the  matter  had 
also  been  previously  raised  by  Mr.  W.  B.  Woodhouse  as  a 
result  of  his  experience  with  tTie  Yorkshire  Electric  Power 
Company.  When  a  suitable  time  arrives  the  need  for  the 
legal  changes  which  they  advocate  should  not  be  lost  sight  of. 

(h)  The  inductance  of  a  3-phase  circuit,  other  factors 
remaining  constant,  varies  as  the  logarithm  of  the  distance 
between  the  conductors  ；  the  higher  inductance  of  overhead 
lines  is  therefore  inherent  in  their  construction,  since  this  dis- 
tance must  be  many  times  the'  correppoiidiiig  distance  in  a 
cable,  owing  partly  to  the  lower  insulating  value  of  air  as 
compared  with  impregnated  paper,  but  more  particularly  to 
the  necessity  for  preventing  the  wires  being  short-circuited  by 
birds,  or  by  unequal  swinging  due  to  wind,  or  by  unequal 
sagging  due  to  snow.  This  higher  inductance  does  not  affect 
the  voltage-drop  when  the  power  factor  of  the  system  is  not  a 
lagging  one,  but  it  is  unusual  for  the  amount  of  synchronous 
plant  on  the  system  to  be-  sufficient  to  ensure  this.  The 
question  of  voltage-drop  is  dealt  with  more  fully  in  a  later 
section,  but  by  reference  to  Fig.  10  the  increase  in  voltage-drop 
at  50  cycles  with  various  lagging  power  factors  is  clearly 
shown.*  It  will  be  noted  that  it  is  quite  serious,  particularly 
in  the  case  of  heavy-section  lines,  and  consequently  the  use  of 
overliead  mains  means  either  a  reduced  radius  of  transmission 
for  a  given  voltage,  or  extra  capital  cost  in  providing  addi- 
tional copper.  To  some  extent  this  disadvantage  is  minimised 
by  the  fact  that  for  economy  overhead  mains  should  be  run  at 
a  lower  current  density  than  cables  (see  section  on  the 
economical  section  of  mains  and  Fig.  6)，  and  also  by  the  fact, 
noted  previously,  that  it  is  often  possible  to  carry  overhead 
lines  over  a  shorter  route  than  the  equivalent  cable. 

In  certain  special  cases  the  inductance  of  overhead  mains 
may  be  of  definite  benefit.  This  is,  for  example,  the  case  in 
continuous-current  traction  systems  supplied  by  rotary  con- 
verters which  can  be  arranged  to  draw  a  leading  current  from 
the  line  at  heavy  loads.  It  will  be  seen  by  again  referring  to 
Fig.  10  that  with  quite  a  moderate  leading  power  factor  the 
total  voltage-drop  in  an  overhead  line  feeding  a  rotary  con- 
verter sub-station  may  be  zero . 

(f)  If  a  cable  and  an  overhead  line  of  equal  section  are 
connected  in  parallel  the  higher  inductance  of  the  overhead 
line  causes  the  total  current  to  divide  unequally  between  the 
two  circuits.  This  not  only  prevents  the  two  circuits  being 
run  at  their  most  economical  current  density,  but  also,  owing 
to  the  resistance  losses  being  dependent  on  the  square  of  the 
current,  they  are  greater  than  if  the  current  were  divided 
equally.  Further,  owing  to  the  difference  in  the  inductance 
of  the  parallel  circuits,  there  is  a  phase  difference  between  the 
current.s  in  the  two  branches.  This  results  in  the  arithmetical 
sum  of  the  currents  in  the  branches  being  greater  than  the 
total  current,  thus  causing  additional  resistance  losses  and  a 
reduction  in  the  carrying  capacity  of  the  circuits.  To  take 
a  concrete  example,  assume  that  300  amperes  at  6,000  volts 
and  50  cycles  is  to  be  transmitted  through  a  0*15  sq.  in.  cable 
and  a  0*15  sq.  in.  overhead  line  in  parallel.  The  actual 
current  in  the  cable  will  be  210  amperes,  and  in  the  overhead 
line  105  amperes,  while  the  resistance  losses  are  increased  by 
24  per  cent,  as  compared  with  the  losses  if  both  circuits  were 
either  cable  or  overhead  line.  . 


*  Tlif  curves  aiven  in  Vit^.  10  arc  ralculak-d  for  ordinary  S-condnotoi*  mains.  If 
arranged  for  split-conductor  lu-otuctiou  tho  iuductivu  drop  is  rcducod. 


August  11，  lOKi] 


THE    MECHANICAL  ENGINEER. 


109 


((/)  It  is  at  oiu'o  cvitliMit  tliat,  so  fur  as  tluv  power  s(;it  ion 
and  U"、  iiKiins  hack  to  t lio  jiower  station  ； ire  concorned,  the 
wattless  i-urrtMit  producoti  hv  tho  extra  imluctam'e  of  an  over- 
head line  will  he  as  deloliM-ious  as  it'  it  w。r(、  productMl  l>v  con- 
sumers' apparatus. 

1.  (A).  Switchgear.  'riie  following  remarks  are  direrted  to 
I  ho  inoro  important  or  novel  features  which  should  iiiilueiK-e 
llie  choice  of  the  most  suitable  apparatus  for  sub-station  use. 
Similar  })rinciples  applv,  but  with  greater  force,  to  power- 
station  switchu^ear. 


120  60dm         I20  6opm  I20 

Midnight  Noon  Midnight 


Fui.  2.— Load  Curve  of  Typical  System  with  50  per  cent.  Load 
Factor  ani>  Corresponding  Cukvk  of  Losses  (to  enlabged 
scale )  with  a  load  factor  of  35  pkr  cent. 

Switchgear  fulfils  several  functions,  but  the  primary  one  is 
to  isolate  faulty  apparatus,  and  consequently  to  interrupt  or 
])revent  heavy  short-circuit  currents.  This  is  the  determining 
factor  in  its  design.  The  problem  is  therefore  one  of  con- 
siderable difficulty,  since  it  is  largely  beyond  mathematical 
calculation  and  the  chief  data  to  work  upon  are  those  obtained 
from  actual  experience.  With  many  problems  great  assist- 
ance can  be  obtained  from  experiments,  but  this  is  difficult 
with  switch  design,  as  the  conditions  cannot  be  adequately 
reproduced  on  a  small  scale,  and  it  is  not  usually  commercially 
practicable  to  risk  experiments  on  an  actual  system . 

As  the  tendency  is  for  distribution  i^y stems  to  supply  a 
denser  load  it  follows  that  the  maximum  short-circuit  current 
is  continually  increasing  ；  for  not  only  is  there  a  larger  kilo- 
watt capacity  of  running'  plant  on  the  system,  but  also  a 
greater  number  of  feeds  into  a  fault.  Moreover,  the  condi- 
tions are  further  aggravated  by  higher  distribution  voltages, 
without  any  corresponding  reduction  in  the  resistance  of  the 
faults.  It  therefore  follows  that  switch  design  is  a  gradual 
process  of  feeling  one's  way  ；  methods  which  have  given  good 
service  on  one  size  of  system  being  tried  on  a  larger  one  and 
modifications  introduced  if  the  more  onerous  conditions  show 
up  weaknesses. 

The  breaking  of  a  heavy  shortrcircuit  can  be  best  likened 
to  the  detonation  of  an  explosive,  and  if  the  switch  is  badlv 
designed  the  tank  will  be  blown  off  and  the  whole  switch 
wrecked.  This  was  at  one  time  thought  to  be  due  to  the  large 
quantities  of  white-hot  oil  vapour  generated  by  the  arc  rising 
to  the  surface,  and  spontaneously  i^fniting-  on  meeting  the  air. 
It  has,  however,  been  proved  by  experience  that  a  switch 
designed  to  withstand  the  inaxiinuin  explosive  pressure  of  the 
gases  may  be  unable  to  withstand  a  short-circuit  with  un- 
limited power  behind  it,  and  it  now  seems  probable  that  the 
chief  explosive  effect  is  to  be  found  in  the  rapid  generation  of 
gas  beneath  the  surface  of  tlie  oil.  Switches  for  lieavv  duty 
are  usually  designed  with  air  cushions  and  vent,  pipes  open  to 
the  atmosphere  in  order  to  remove  the  gases,  but  these 
measures  do  not  materially  relieve  the  pressure  in  the  tank,  as 
apparently  the  inertia  of  the  lion  id  causes  an  exceedingly  high 
local  pressure  which  is  transmitted  hydraulically  to  all  parts 
before  the  oil  lias  an  opportunitv  to  move  at  its  free  surface. 
It  is  therefore  necessary  either  to  reduce  the  intensity  of  the 
explosion  or  to  build  the'  switdi  strong  enoucrh  to  withstand  it. 
Since  it  becomes  an  expensive  matter  to  build  a  switch  to  with- 
stand a  pressure  of  many  hundreds  of  poamds  per  square  inch 
the  former  alternative  has  rereivec]  ninch  attention.  If  the 
arc  can  be  drawn  out  more  qiiirklv  i1'  follows  that-,  other  thinji^s 
being  eoiial.  extra  resistance  is  iiitroducpd  and  t h e  circuit  is 
more  quickly  broken,  tlnis  cuUii、"  flown  the  rate  of  heat  gene- 
ration and  limiting  the  period  during  which  it  is  being  gene- 


r;i((Ml,  Hcccul  pract.ic/e  (■()nso(|iUMitly  ioiuls  (owards  (piirken- 
ing  t  he  hicjik  l>y  (lecrca.siii^  t  lie  inert  ia  oi'  the  moving  parts 
； ukI  by  a('('el('n"  h、g  their  moveme'"  hv  iiicmiis  of  powerful 
springs.  Attempts  have  also  been  niadt;  ">  unit  t  lie  rnagiielic 
forces  of  the  current  for  this  purpose,  Hinc©  such  an  arran^e- 
inent  has  the  advantage  that  the  more  severe  the  short-d rcuit 
the  greater  is  the  speed  of  break.  One  of  the  most  interesting 
suggestions  in  this  connection  is  that  of  drawing  out  two  arcs 
electrically  in  series,  but  arranged  parallel  close  to  each  ot Ihm* 
in  opposite  directions,  so  that  there-  is  a  repulsive  effect 
between  them  jH'oportional  to  the  product  of  the  currents  in 
the  two  arcs,  that  is  to  say,  jjroportional  to  the  square  of  the 
current.  As  the  mass  of  the  vapour  carrying  the  current  is 
so  small  the  repulsive  force  will  produce  very  rapid  outward 
movement  of  the  arcs  in  opposite  directions,  thus  causing  them 
to  lengthen,  whicli  is  in  addition  to  and  su])oriinposed  upon  tlie 
lengtlieiiiiig  d lie  to  the  separation  of  tlie  contacts."'' 

Perha])s  the  most  obvious  way  of  reducing  the  violence  of 
the  explosions  is  to  cut  down  the  short-circuit  current  by 
reactance  coils.  Except  in  connection  with  generators  the  use 
of  these  coils  is  attended  by  many  disadvantages,  as  pointed 
out  in  the  discussions  on  the  recent  papers  read  before  the 
Institution  on  this  subject.  In  any  case  it  does  not  seem  the 
correct  procedure  to  use  measures  of  a  palliative  nature  at  the 
present  stage  of  switch  design,  since  if  there  is  one  statement 
which  can  be  made  with  more  certainty  than  another  it  is  that 
successful  design  has  not  reached  its  ultimate  development. 
If  used  at  all  reactance  coils  should  only  be  looked  upon  as  an 
extra  precaution  kept  in  reserve  to  deal  with  unforeseen  diffi- 
culties. 

Switchgear  is  the  most  vital  part  of  the  system,  because  a 
fault  on  any  part  from  the  bus-bars  to  the  far  side  of  the 
switches  is  a  bus-bar  fault  which  will  not  only  shut  down  the 
sub-station  concerned,  but  will  also  seriously  derange  the  whole 
system ,  since  even  if  it  were  possible  automatically  to  isolate 
the  particular  sub-station  all  the  "  through  "  connections  at 
the  sub-station  would  be  interrupted.  In  practice  the  only 
means  of  circumscribing  the  effects  of  a  bus-bar  fault  are  to 
divide  the  system  into  a  large  number  of  isolated  networks, 
thereby  involving  uneconomical  working,  or  to  divide  the 
system  into  sections  by  means  of  graded  overload  gear,  which 
latter  can  seldom  be  relied  upon  to  discriminate  properly.  It 
is  accordingly  imperative  to'  make  the  switchgear  a  sound  job, 
and  any  saving  in  capital  expenditure  is  dearly  bought  if  it  in 
any  way  increases  the  risk  of  breakdown,  particularly  as  the 
cost  of  switcligear  is  relatively  small  compared  with  that  of 
the  mains.  One  very  common  error  is  to  save  money  by  pro- 
portioniiior  switchgear  according  to  the  capacity  of  the  appa- 
ratus which  it  controls  ；  this  entirely  overlooks  the  primary 
duty  of  switchgear,  namely,  that  of  dealing  with  short-circuits, 


Time 

Fig.  3.— FlXTKEMK  Forms  of  TjOAD  Curve  for  a  given  number  op 

UNITS  AT  50  PER  CKNT.  LOAD  KaCTOU. 

the  severity  of  which  may  be  as  great  on  small  apparatus  as 
on  large. 

Faults  on  switchgear  fall  into  three  categories  :  (1)  Faults 
under  short-circuit  conditions.  (2)  Failure  of  apparatus  under 
m)i'mal  conditions.    (3)  Faults  due  to  mistakes  in  operation. 

(1)  The  means  for  preventing  the  failure  of  switches  under 
short-circuit  have  already  been  considered,  but  if  for  any 
reason  the  switch  is  unable  to  operate  properly  an  explosion 

•  Hunter  and  Shaiul,  British  Patent  No.  11586  (1912). 
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may  occur  when  breaking  a  short-circuit,  and  it  is  therefore 
desirable  to  limit  the  ensuiiii^  damage  as  far  as  possible  by  j)re - 
venting  the  explosion  affecting  other  panels  and  by  discharg- 
ing anv  gases  which  may  be  produced  in  such  a  way  that  they 
do  not  cause  short-circuits  either  on  the  damaged  panel  or  on 
others.  Even  though  a  switch  should  explode  it.  will  often  still 
interrupt,  the  circuit,  and  it  should  therefore  be  isolated  from 
other  apparatus  on  the  panel  and  all  the  leads  to  it  should  be 
insulated  in  order  to  prevent  them  being  short-circuited  by  the 
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i.— Effect  of  shape  of  Load  Curve  on  K.M.S.  Current  and 
Load  Factor  of  Lossks. 


products  of  the  explosion.  Other  effects  of  a  short-circuit, 
even  on  switchgear  other  than  that  immediately  involved,  are 
the  large  mechanical  forces  and  the  fusing  of  connections  by 
the  heavy  currents.  The  latter  effect  is  iiior<3  particularly 
liable  to  occur  in  current>transformer  primary  windings, 
which  should  therefore  always  be  of  heavy  section. 

(2)  Failure  of  apparatus  under  normal  conditions  】iiay 
occur  owing  to  such  causes  as  plaster  falling  on  bus-bars,  and 
short-circuits  due  to  mice,  rats,  &c-，  but  such  dangers  can  be 
readily  guarded  against  once  they  are  realised.  Another 
fruitful  cause  of  trouble  is  the  potential  transformer  ；  these 
should  not  only  be  most  carefully  constructed,  but  their 
number  should  be  strictly  limited,  aud  under  no  circumstances 
should  they  be  connected  to  the  bus-bars  without  the  inter- 
vention of  an  oil  switch. 

(3)  Mistakes  in  operation  probably  account  for  more 
switchgear  faults  than  any  other  cause  and  they  are  liable  to 
be  made  even  by  the  most  careful  operator,  so  that  so-called 
" foolproof  "  arrangements  should  not  be  considered  as  dis- 
paraging to  the  operating  staff  and  undoubtedly  justify  their 
slight  extra  expense,  quite  apart  from  the  increased  safety  for 
operators  and  other  persons  who  may  be  working  on  the 
switchgear. 

The  first  and  most  obvious  precaution  is  an  interlock 
between  each  oil  switch  and  its  corresponding  isolating 
switches  in  order  to  prevent  the  isolating  switches  being  either 
opened  or  closed  unless  the  oil  switch  is  open,  thus  preventing 
any  possibility  of  making  or  breaking  circuit  on  an  isolating 
switch. 

The  second  precaution  is  an  arrangement  to  facilitate  the 
routine  earthing  of  feeders,  which  is  responsible  for  numerous 
mistakes  owing  partly  to  the  fact  that  the  person  who  is  carry- 
ing out  the  earthing  cannot  be  at  both  ends  of  the  feeder  at 
once  and  has  therefore  to  rely  on  a  second  party  to  see  that 
the  feeder  is  dead  from  the  far  end.  By  using  permanent 
earthing  switches  it  is  a  simple  matter  to  interlock  at  the 
earthing-end  so  as  to  ensure  that  the  earthing  switches  cannot 
be  closed  until  the  oil  switch  is  opened,  and  vice  versa  ；  it  is, 
however,  difficult  to  protect  against  earthing  a  feeder  which 
is  alive  from  the  far  end,  and  all  that  can  be  done  is  to'  operate 
the  earthing  switches  from  a  safe  distance  and  to  make  the 
earth  as  quickly  and  definitely  as  possible. 

The  third  and  equally  important  precaution  is  to  guard 
all  live  apparatus  either  by  screens  or  by  making  the  switch- 
gear  ironclad.  Although  it  may  sound  difficult  it  is  really  a 
simple  matter  so  to  interlo<'k  the  guarding  arrangements  with 
the  switchgear  mechanism  that  it  is  quite  im possible  to  obtain 
access  to  live  conductors  or  to  make  any  such  conductors  alive 
while  access  can  be  obtained  to  them.  Briefly,  the  guarding 
arrangements  should  fulfil  the  following  conditions  ：  {a)  That 


access  cannot  be  obtained  to  the  feeder  ends  unless  they  are 
earthed,  {h)  That  access  cannot  be  obtained  to  the  oil  switch 
unless  it  isolated  or  earthed  from  both  sides,  (r)  That  access 
cannot  be  obtained  to  the  bus-bars  or  gear  in  connection  with 
them  unless  all  the  circuits  connected  to  the  particular  section 
of  bu-s-bai's  are  isolated. 

11.  ((f).  The  Economical  Section  of  Mains.— Although  it  is 
generally  known  that  the  ecoiiomical  cross-section  of  a  main  is 
that  at  which  the  sum  of  the  annual  charges  aud  the  value  of 
energy  】ost  is  a  minimum,  it  is  seldom  that  any  practical  use  is 
made  of  the  formula.  This  is  partly  owing  to  the  difficulty  of 
calculating  the  losses  and  of  placing  the  correct  value'  upon 
them  when  calculated,  and  also  partly  because  there  is  an 
impression  that  the  resulting  cross-section  would  work  out  to 
a  figure  inconsistent  with  that  required  by  considerations  of 
carrying-capacity  and  voltage-drop.  In  the  following  investi- 
gation an  attempt  is  made  to  apply  the  formula  to  the  special 
case  of  high-pressure  distribution  systems,  and  this  seems  to 
show  that  for  this  case  at  any  rate  the  results  are  commercially 
useful. 

The  annual  charges  which  have  been  taken  for  under- 
ground and  overhead  mains  at  various  voltages  are  shown  in 
Fig.  1.  These  are  based  on  average  commercial  prices,  allow- 
ing interest  at  the  rate  of  5  per  cent,  per  annum,  and  depre- 
ciation at  2  per  cent,  for  underground  mains  and  3  p-er  cent, 
for  overhead  mains,  suitable  allowance  being  made  for  trencli 
work  in  the  former  case  and  for  wayleave  charges  in  the  latter. 
With  compound  interest  at  5  per  cent,  the  rates  allowed  for 
depreciation  are  sufficient  to  enable  the  underground  mains  to 
be  replaced  after  22i  years  and  the  overhead  mains  after  17^ 
years,  allowing  a  scrap  value  of  20  per  cent,  in  each  case.  It 
is  probable  that  these  figures  considerably  underestimate  the 
life  of  mains,  but  conservative  values  have  been  taken  so  that 
there  may  be  no  question  of  the  importance  of  capital  charges 
being  minimised. 十  It  will  be  noticed  that  in  the'  case  of  over- 
head mains  only  one  curve  is  given,  as  up  to  20,000  volts  the 
only  difference  is  in  the'  insulators,  and  this  is  so  small  that  it 
is  usually  worth  while'  to  make  the  line  suitable  for  20,000 
volts,  although  it  may  only  be  intended  to  operate  it  at  a  lower 
voltage.  Higher  voltages  than  20,000  will  not  be  considered, 
as  the  design  and  manufacture  of  apparatus  for  such  higher 
voltages  is  not  sufficiently  standardised  to  enable  definite 
annual  charges  to  be  assumed. 

The  only  losses  which  are  important  enough  to  be  taken 
into  account  in  this  investigation  are  the  resistance  losses  in 
the  copper  conductors ;  and  in  estimating  their  value  it  is 
necessary,  as  in  all  estimates  of  the  cost  of  producing  electri- 
city, to  take  account  of  tha  effect  of  the  addition  of  the  load 
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Fig.  5. 一 Combined  Annual  Cost  of  Intp^rest,  Depreciation, 
AND  Enkuoy  Losses  per  Mile  of  6,000  Volt  Undriigkound  Main 

(•ARRYING  A  MAXIMUM  LOAD  OF  100  AmPKUES, 

considered  to  the  normal  load  of  the  system .  It  is  not  the  load 
factor  of  the  particular  type'  of  load  which  matters,  but  its 
effect  on  the  load  factor  of  the  system  ；  in  fact  a  load  with 
quite  a  poor  load  factor  may  be  distributed  over  the  day  in 
such  a  manner  that  it  actually  im  proves  the  load  factor  of  the 
system  considered  as  a  whole.  Unfortunately  resistance  losses 
constitute  a  load  which  is  far  from  beneficial  ；  not.  only  is  there 
no  diversity  between  the  curve  of  losses  and  the  main  load 
curve,  but  the  peaks  of  the  former  are  accentuated  owing  to 

•  This  is  assumed  to  be  a  reasonable  fifiure  for  a  sound  industrial  concern 
operating  on  a  fairly  large  scale  ；  municipalities  and  similar  bodies  would  usually 
he  able  to  obtain  their  capital  at  a  somewhat  less  rate  of  interest. 

t  No  allowance  is  made  for  repairs,  as  these  consist  almost  entirely  of  jointing 
and  labour,  which  are  independent  of  the  cross -section  of  the  main. 
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the  fact  that  resistance  losses  vary  as  the  square  of  the  load. 
Of  course  the  Uxsses  in  diiYerent  parts  of  the  system  will  have 
different  load  factors,  depeiuliiii^  on  the  lojul  factors  of  th© 
currents  in  the  pai'ticulai'  pm'ts，  but  considering  them  as  a 
whole  it  is  safe  to  assume  that  on  the  average  the  curve  of 
total  losses  is  proportional  to  the  square  of  the  main  load 
curve. 

In  order  to  obtain  definite  figures  as  to  the  value  of  the 
energy  lost  certain  fundamental  data  must  be  assumed,  and 
accordingly  a  system  has  been  taken  having  a  maximum  load 
of  not  less  than  r)0, 000  kw.  and  an  average  load  factor  of  50  per 
cent.  ；  figures  which  fairly  closely  correspond  to  what  may  be 
expected  if  the  system  deals  with  the  general  demand  over  a 
reasonably  extended  area. 
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Fig.  6.— Most  Eco 、- omical  Cross  Sections  op  3-Phask  Mains  for 
various  maximum  currents. 

In  Fig.  2  the  full-line  curve  shows  the  assumed  load  curve 
of  the  typical  system  with  a  load  factor  of  50  per  cent"  and  the 
dotted  curve  shows  to  an  enlarged  scale  the  shape  of  the  corre- 
sponding loss  curve,  which  has  a  load  factor  of  only  35  per 
cent.  From  an  analysis  of  the  fixed  and  running  charges  the 
cost  p^r  unit  of  generating  these  losses  at  the  power  stations 
can  be  calculated,  and  to  this  must  be  added  the  fixed  charges 
on  the  increased  capacity  of  the  distribution  system  necessary 
to  transmit  these  losses.  They  do  not  directly  increase  the 
carrying  capacity  of  the  distribution  system  since  they  are 
manifested  as  voltage  drop,  but  this  causes  the  load  to  be 
supplied  at  a  lower  voltage  and  thus  incidentally  increases  the 
current  that  the  distribution  system  has  to  carry.  Since  the 
power  stations  can  seldom  be  located  at  the  exact  electrical 
centre  of  gravity  of  the  load,  the  losses  have  to  be  transmitted, 
on  the  average,  over  say  two-thirds  of  the  distribution  system 
and  should  therefore  bear  two-thirds  of  the  fixed  charges  of 
the  latter.  There  are  of  course  further  losses  in  transmitting 
the  primary  losses,  but  these  are  quantities  of  the  second  order 
and  may  be  neglected.  Taking  the  cost  of  the  distribution 
system  as  two-thirds  that  of  the  power  stations,  the  value  of 
resistance  losses  on  the  typical  system  considered  is  about 
0'25d.  per  unit. 

Since  the  resistance  losses  over  a  given  time  are  propor- 
tional to  the  mean  square  of  the  current,  it  is  very  necessary 
in  calculating  them  to  take  account  of  the  shape  of  the  current 
load-curve.  This  will  be  readily  seen  by  considering  the  two 
extreme  forms  of  a  50  per  cent,  load-curve  shown  in  Fig,  3. 
In  the  first  case  the  R.M.S.  current  is  equal  to  the  average 
current,  while  in  the  second  case  it  is  、/2  times  it  for  the 
particular  load  factor  of  50  per  cent.  ；  or  more  generally  for 
any  load  factor  it  is  、/(100  +  load  factor)  times  the  average 
current.  The  load  curves  which  are  met  with  in  practice  lie 
between  these  extremes,  and  for  the  typical  50  per  cent,  load 
curve  given  in  Fig.  2  the  R.M.S.  current  is  118  times  the 
average  current.  The  full  lines  iu  Fig.  4  show  the  extreme 
values  of  this  multiplier  for  different  load  factors,  and  the 
dotted  line  the  approximate  values  for  the  usual  type  of  load 
curve  ；  corresponding  extreme  and  usual  values  for  the  load 
factor  of  the  losses  are  also  indicated. 

On  the  system  which  we  are  considering,  the  load  factor  of 
the  mains  nearest  the  power  stations  will  not  be  much  less 
than  the  system  load  factor,  viz.,  50  per  cent.,  but  for  mains 
on  the  outskirts  it  will  be  much  less,  probably  as  low  as  30  per 
cent.  Over  the  whole  network  the  average  would  probably  be 
about  40  per  cent"  and  it  will  be  seen  from  Fig.  4  that  the 


corresponding  R.M  .S.  current  would  V)e  1 ' 25  tiir»es  the  average 
current.  Caloulatiii*;  the  losses  on  this  basis  and  taking  their 
value  as  0"25d.  per  unit,  the  annual  value  of  the  losses  j>er 
mile  of  3-phase  main  is  i!0*()()()29(>  I'-'/ A,  where  i  is  the  inaxi- 
iiium  current  in  amperes  and  A  is  the  cross-sectional  area  of 
the  conductor  of  each  phase  in  square  inches.  The'  value  is 
expressed  for  convenience  in  terms  of  the  inaxiniuin  current, 
since  mains  are  usually  laid  to  suit  a  given  maximum  current. 

By  adding  the  curves  of  annual  charges  and  value  of  losses 
for  mains  of  various  sizes  for  any  particular  maxirnurn  current, 
a  curve  is  obtained  of  the  type  shown  in  Fig.  ，「)，  which  refers 
to  a  6,000-volt  underground  cable  required  to  deal  with  a 
maximum  current  of  100  amperes.  The  most  interesting 
feature  of  this  curve  is  that  the  most  economical  section  is  not 
very  definite  ；  it  is  actually  0  09  sq.  in.,  but  for  2 A  per  cent, 
increase  in  the  total  annual  costs  the  section  can  be  increased 
44'5  per  cent.,  or  decreased  27  2  per  cent.,  the  corresponding 
figures  for  5  per  cent,  increase  iu  annual  costs  being  65*5  per 
cent,  and  36*1  per  cent,  respectively.  It  follows  that  it  is  not 
sound  practice  to  cut  the  section  of  mains  too  fine,  more 
especially  since  it  is  a  most  expensive  matter  after  a  main  is 
once  laid  to  increase  its  carrying  capacity  if  this  should  prove 
too  small. 

In  order  to  see  to  what  extent  the  results  are  dependent  on 
the  particular  system  load  factor  which  has  been  selected,  a 
corresponding  curve  has  been  calculated  in  exactly  the  same 
way  but  assuming  a  system  load  factor  of  only  40  per  cent. 
This  is  shown  dotted  in  Fig.  5  and  gives  a  reduction  of  only 
2  per  cent,  in  the  most  economical  section,  and  2  per 
cent,  in  the  minimum  total  annual  cost  per  mile,  compared 
with  the  original  curve.  The  difference  between  the  two 
curves  is  so  small  because  the  reduction  in  the  number  of  units 
lost  at.  the  lower  load  factor  is  nearly  balanced  by  the  extra 
value  of  the  losses  per  unit  due  to  the  lower  load  factor  of  the 
losses.  A  further  curve  has  also  been  added ― shown  chain 
dotted 一 to  show  the  extent  to  which  the  results  are  affected  by 
the  price  of  copper  and  lead .  The  original  curve  corresponds 
to  basis  prices  of  £60  and  £15  per  ton  respectively,  while  the 
chain-dotted  curve  corresponds  to  basis  prices  of  £80  and  £20 
per  ton.  This  shows  that  the  influence  of  ordinary  variations 
in  metal  prices  is  negligible. 

By  platting  a  series  of  curves  similar  to  the  full-line  curve 
in  Fig.  5，  the  curves  shown  iu  Fig.  6  have  been  obtained.  The 
full  lines  in  Fig.  6  give,  for  underground  and  overhead  mains 
at  various  voltages,  the  most  economical  cross-section  for  any 
given  maximum  current,  while  the  dotted   lines  show  the 
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Fig.  7.— Minimum  Total  Annual  Cost  per  Mile  of  3- Phase  Mains 
FOR  VARIOUS  Maximum  Currents. 

increased  cross-section  corresponding  to  5  per  cent,  extra 
annual  cost.  It  will  be  noticed  that  up  to  11,000  volts  in  the 
case  of  underground  mains,  and  up  to  20,000  volts  in  the  case 
of  overhead  mains,  the  voltage  makes  no  difference  to  the 
economical  cross-section  ；  and  from  Fig.  1  it  will  be  seen  that 
this  is  because  between  those  limits  the  annual  charges  happen 
to  differ  by  approximately  constant  quantities  which  are 
independent  of  the  cross-section . 

To  show  how  the  economical  cross-sections  compare  with 
sections  settled  by  considerations  of  the  safe  carrying-capacity, 
a  further  curve  has  been  plotted  showing  the  carrying-capacity 
of  armoured  3-core  3，000- volt  cable  on  the  basis  of  the  rules 
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of  the  Verba nd  Deutscher  Elekiroteclmiker.  As  the  rules 
refer  to  continuous  loads,  and  the  maxiiiuun  load  is  usually 
not.  maintained  for  a  sufficient  time  to  heat  uj>  the  cable  fully, 
the  curve  has  been  plotted  on  the  assumption  that  the  equiva- 
lent heating  current  is  the  mean  between  the  R.M.S.  current 
and  the  maxiiiuini  current,  '"'.，  0'75  of  the  maximum  current 
in  the  present  instance  with  a  40  per  cent,  feeder  load  factor. 
The  reduction  for  voltages  up  to  11,000  is  not  more  than 
10  per  cent-.,  but  uii fortunately  no  figures  are  available  at 
present  for  20,000-volt  cables.  It  will  be  seen  that  except  for 
20,000-volt  cables  the  economical  section  gives  an  overload 
inaii^iu  of  as  much  as  100  per  cent,  in  nearly  all  cases,  and 
even  for  20,000-volt  cables  it  is  evident  that  a  considerable 
margin  exists,  so  that  it  is  quite  permissible  to  settle  the 
cross-section  of  mains  on  the  basis  of  maximum  economy. 
That  it  does  not  pay  normally  to  operate  cables  at  the  niaxi- 
mura  current  density  allowed  by  heating  limits  is  of  interest, 
since  it  means  reduced  voltage-drop  per  mile  and  consequently 
an  increased  radius  of  distribution  for  a  given  voltage. 

From  the  series  of  curves  used  in  determining  the  econo- 
mical sections  it  is  also  readily  possible  to  find  the  minim  tun 
annual  costs  of  interest  charges,  depreciation,  and  losses  per 
mile  of  main  for  given  niaxiniiun  currents,  on  the  assumption 
that  the  economical  sections  wliich  correspond  to  those  currents 
are  used.  If  an  allowance  for  repairs  is  added,  the  resultincr 
figures  will  orive  the  total  minimum  annual  cost  per  mile  of 
main,  thus  providing  a  definite  basis  on  which  the  relative 
economy  of  alternative  arrangements  of  mains  can  be  deter- 
mined. The  curves  in  Fig.  7  have  been  obtained  in  this 
manner,  the  allowance  for  repairs  being  taken  as  a  certain 
percentag^e  of  the  cost  of  a  0*15  sq.  in.  main,  since  repairs  con- 
sist almost  entirely  of  jointing  and  labour  and  their  cost  is 
therefore  independent  of  the  cross-section.  The  percentao:es 
which  have  been  taken  are  1  per  cent,  for  underground  mains 
and  2  per  cent,  for  overhead  mains,  but  these  must  only  be 
looked  upon  as  approximations,  since  the  cost  of  repairs 
depends  on  so  many  conditions. 

{To  hi 
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Engines  worked  })y  mixed  prod'ifts 

Yvoiuiean.  0068. 
Percussive  tools.    Gawley.  7525. 

Valve  mechanism  for  locomotives.    O'Donnell.  8805. 
Distillation  of  heavy  oil's,  oil  residues,  and  bitumens.    Hall.  8830. 
Carliuretter  for  internal-combustion  engines.     Gertz.  8894. 
Regenerative  coke  oven.    Tmray.  8944. 

Revorsin^  valvo  for  ^as  ami  air  regenerators  for  n  combined  coko 

oven.    lmr;)y.  8945. 
Ignition  of  foiiibiistihlo  gas  jnixtiires  in    burners    used    in  icier 

water.     I)<Mits<-li  Liixcinhin-t^isoho  IkM'kwei'ks-nnd-Hutton-Akt.- 

Ges.  l()2r,n. 

Supply  of  fuol  ill  internal  combustion  oiigiiies.  Tacchi,  and  Cen- 
trum Syiulicato,  Ltd.  10254. 

Carhurottors  for  iiitornal  fomhiistion  engines.    Patersoii.  1{)498. 

Compressed-air  bra kos.     11  ildobraiid.    10542  and  10010. 

Gas  and  fluid  motors.    Tsiula.  10621. 

Plug  gauges.    Pailthorpo  &  Ciilclirist.  10624. 

Separation  of  ores.    Seale  &  Shollshoar.  lOGOG. 

Hotary  cylinder  intprnal  combustion  engine.    Ortholaii.  108112. 

Power-traiismittiiig  niocliaiiisni.     Fairweather.     1 0996. 

Means  for  iiuliustrially  utilising  oxiiaust  steam  for  heating  piir 
poses,    Houhon.  11018. 

Heat  transmitting  tubes  for  eviiporators  Watson  &  Hilletop. 
11127. 

Steam  superlioaters.    Brettell.  11788. 

Kotary  coinprcssoi'  or  exhauster.    Jolinston,  ； uid  (ilobe  PiiPimiatif 

Engiiieerinf^  Company.    1 2359 . 
Kiiriiaoo  grates.    Comet  A-  Coiilon.  ]2()18. 

ll( 山 l('r  attafliriHMit  f«r  tool  grim] in niaoliiiio.  Bengtsson.  J 3091. 
Solder  for  tho  jointing  (>i  nlniiiiniiiin  or  ； illovs  thereof.  Sollo 

way.  num. 
Aorinl  railways.    HnniiIto:i.  1.?209. 

Signalling  niecliaiiism  for  railways.    Hollands.  14261, 


()il-I)urniiio;  furnaces.    Brown  &  Hall.  14352. 

Fnniaco  lircbridges.      Jiiverpool   Patents  Company,  and  CI  egg. 
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Means  for  propelling  ships.    Robinson.  14770 
(； ear  cutting  machinery.    Roberts.  15126. 

G as  I'll  rn a ces .     H a rv ey .    1 7543.  ' 
Process  of  :iml  apparatus  for  rolling  metal.    AVade.  17553. 

1916. 

Fiirnacos  for  melting  metal  for  brass  castings.  Price,  C.  F.  215. 
Apparatus  for  testing  springs.    Hindlev,  L.  A.,  Hiiidley   H.  D.， 

and  Stanford,  W.    1490.  ' 
Devices  for  automatically  controlling  the    lead    of   ignition  in 

internal-combustion  engines.    Renault,  L.  1766. 
Two-stroke  internal-combustion  engines.    Morgan,  R.  2581. 
Centrifugal  pumps.    Weir,  G.  &  J.,  aiul  McCowatt,  W.  4599. 
Heating  and  ventilating  apparatus.   WalterSj  B.  H，  and  Creasey, 

H.  H.  7296. 
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Electric  motor  starters  and  contrcjllers.  Schattner,  Travis,  and 
Walton.  '  10752. 

Means  for  siispemliiig  and  adjusting  electricity  overhead  con- 
ductors. British  Insulated  and  Helsbv  Cables,  Ltcl._,  and 
Astley.    11172.  ' 

Electrical  windings.    British  Thomson-Houston  Company.  11263. 

Lamp-holders  for  electric  lamps.    Guth.  11723. 

Rectifiers  for  electric  currents.  British  Thomson-Houston  Com- 
pany. 12666. 

Electro-magnetically-operated  brake.    Lewis.  13679. 

1916. 

Kloctric  lighting  melius.    Woods,  R.  S.  288. 

Kloc'tric  motor  control  systems.    Igranic  Electric  Company. 

Switching    apparatus    for    interconnecting    telephone    lines  by 

electro  nipchiuiically-coii trolled     switches.        Aldendorff,  Y. 

4f)99.  ^ 


METAL  QUOTATIONS. 

TUESDAY,  AUGUST  8th. 

Aluminium  ingot    ―  per  cwt. 

,,         wire,  according  to  sizes,  &c  from  ―  ，， 

,,         sheets       ,,  ,，   ，'  一  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled..   l/3f  per  lb. 

，，    tubes  (brazed)    1/4:}  " 

"       ，， (solid  drawn)    1/2 J  ，， 

，，        ，， wire    1/2:  ，， 

Copper,  Standard    £107/10/-  per  ton. 

Iron,  Cleveland    87/0  " 

，， Scotch    ―  " 

Lead,  English   £29/15/-  ，， 

" Foreign  (soft)   £28/15/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

，，  ，，        ，，         medium   3/6  to  6/—  ，， 

，，  ，，       ，，         large    7/6  to  14/— ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    31  §d.  per  oz. 

Spoltor  (American)   £44/—/-  per  ton. 

Tin,  block    £167/5/-  per  ton. 

Tin  plates,  I.C   29/-  per  box. 

Zinc  sheets    £72  per  ton. 


State  of  the  Skilled  Labour  Market. ― According  to  the  July 
issue  of  the  Board  of  Trade  Laliour  Gazette,"  the  high  level 
of  ernployinent  of  recent  months  was,  on  the  whole,  niaintained 
in  June.  The  war  trades  were  still  extremely  active  ；  in  the 
o'thers  there  were  slight,  fluctuations,  some  showing  an  im- 
provement and  others  a  decline.  The  luiniber  of  workpeople 
in  industry  was,  of  course,  much  le^s  than  a  jear  ago,  but 
those  remaining  were  more  hilly  employed.  Employment  in 
June  in  the  coal  mining  industry  contiinied  very  good .  Iron 
and  shale  mines  were  well  em  ployed,  hut  in  tin  mines  employ- 
ment was  still  quiet.  In  the  quarrying  industry  employment 
was  fairly  good  on  the  whole.  The  pig  iron  industry  still 
suffered  from  shortages  of  labour  and  raw  material,  but  em- 
ployment coiitiinied  good  ；  at  iron  and  steel  works  it  was 
very  good .  Great  activity  prevailed  in  the  engineering  and 
ship])uilf)i!io^  trades,  and  much  overtime  was  worked.  There 
was  a  further  reduction  in  the  number  of  tin  pi  ate  and  steel 
sheet  mills  in  operation,  but-  most  of  the  other  metal  trades 
continued  very  active,  and  much  overtime  was  worked. 


August  18,  191  (5  J 


THE    MECHANICAL  ENGINEER. 


113 


FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  2> 


ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 


HEAD  OFFICE : 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON.  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 


Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 

The  "PERFECT"  VISE 


， YORKS. 


The  Practical  Metallography 
of  Iron  and  Steel. 

By  JOHN  S.  G.  PRIMROSE,  a.r.t.c.  a.i.m.m  .m.i.m. 

Lecturer  on  Metallurgy,  and  demoDBtrator  on  Metallography  at  the 
Royal  Technical  College,  Glasgow. 

Price   3s.  3d.  Post  Free. 


Every  Iron  and  Steel  Works  should  be  provided  with  a  metallographic  laboratory 
with  a  suitable  equipment  in  which,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  improved,  and  that  tliis  may  be  eflicient,  every  worker  should 
be  fasiiiliar  with  tlie  principles  on  which  the  researches  are  based  This  book  has 
been  prepared  for  the  use  of  those  who  arecommencinf;  the  study  of  metnlJography. 
The  work  is  a  thoroughly  practical  one.  theoretical  considerations  being  made  as 
brief  as  possible.  The  contents  comprise  exhauBtive  chapters  on  Microstructure 
of  Iron  and  Steel  ；  Constitution  of  Iron  and  Steel  ；  Heat  Treatment  of  Iron  and 
Steel  ；  Micrographic  Examination  of  Failures  ；  Metallographic  Apparatus  and  its 
Manipulation, 


Vol.  38,  No.  969 


Telegrams 
Telephone  No.  6655  City 


Edited  by 
WILLIAM    H.  FOWLER, 

Wh.  Sc..  M.Inst.C.E. 
Scientific,"  Manchester. 


SUBSCRIPTION  RATES- 


THE  SCIENTIFIC  PUBLISHING  COMPANY. 

53,  New  Bailey  Street,  Manchester* 


United  Kingdom  :  12/6  per  annum,  post  free. 

Canada :  14/6  per  annum,  post  free. 

Anywhere  Abroad  : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  ，，  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 

Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Publishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Fusible  Plugs. 

The  advantages  and  disadvantages  of  the  fusible  plug  in  loco- 
motive boilers  was  the  subject  of  a  report  of  a  committee  and 
subsequent  discussion  at  a  recent-  meeting  of  the  American 
Master  Boiler  Makers'  Association,  from  which  it  appears 
that  the  device  has  met  with  a  large  amount  of  disfavour  in 
the  States,  and  is  now  to  a  great  extent  being  dispensed  with. 
According  to  the  committee,  this  attitude  is  due  (1)  to  the 
location  of  these  plugs,  which  is  generally  between  the  first 
and  second  row  of  crown  bars  at  the  forward  end  of  the  fire- 
box ； where,  owing  to  the  extreme  heat,  the  plug  often 
burns  out  and  requires  renewal  ；  (2)  to  the  overheating 
of  the  brass  part  of  the  plug,  owing  to  excessive  thick- 
ness, which  often  results  in  the  fusible  metal  being  melted 
without  low  water  ；  (3)  to  variation  in  temperature  of  the 
plug,  and  the  crown  sheet  surrounding  it  rendering  it  difficult 
to  maintain  tightness  without  resorting  to  a  caulking  tool  or 
renewing  the  plug  entirely,  a  procedure  which  the  committee 
state  they  deem  necessary  once  a  week,  and  which,  they  add, 
" rapidly  enlarges  the  hole  in  the  crown  sheet  and  makes  it 
necessary  to  apply  a  patch  or  bush  the  hole  ，，  ；  (4)  to  trouble 
involved  by  the  frequent  lowering  and  raising  of  the 
water  level  each  time  the  plug  is  renewed,  and  tlie  filling 
up  with  cold  water  which  is  often  necessary,  with  its 
damaging  effect  to  tlie  smoke  flues  and  firebox  sheetvS.  It 
seems  curious  that  this  fitting,  the  usefulness  of  which  is 
almost  universally  recognised  by  engineers  in  this  country, 
should  have  a  tarnished  reputation  in  the  States,  and  we  can- 
not help  thinking  that  the  difference  of  opinion  is  due  to  the 
cruder  designs  of  plug  there  used.  In  this  country  the  fitting 
has  received  a.  great  deal  of  attention,  especially  during  the  last 
quarter  of  a  century,  owing  to  the  steady  increase  of  tempera- 
ture, due  to  rise  in  pressure  and  the  effect  this  exerts 
when  long  continued   on  fusible  alloys.      Patient  investi- 
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gation,  however,  has  enabled  tlie  diiricuUies  on  this  score  to 
be  surmounted,  and  ihougli  the  conditions  of  a  locomotive  in 
respect  to  temperature  are  extreme  as  compared  with  other 
t-Vpes,  and,  generally  speaking,  more  severe  in  this  country 
than  in  tlie  States,  it  is  unusual  for  locomotive  boilers  not  to 
be  equipped  with  this  fitting,  and  we  are  not  aware  that 
troubles  such  as  apparently  attend  its  use  in  tlie  States  are 
met  with  here.  Tlie  necessity  for  cleanliness  is,  of  course, 
realised,  for  the  accumulation  of  even  a  thin  coating  of  scale 
is  sufficient  to  render  a  fusible  jjlug  useless.  It  is  equally 
recognised  also  that  a  fusible  alloy  cannot  be  depended  upon 
for  an  indefinite  period.  With  a  well-designed  plug,  however, 
the  renewal  of  tlie  fusible  alloy  once  every  12  months  is  suffi 
cient,  or,  in  extreme  cases,  say  half  that  period.  It  will,  we 
think,  be  news  to  most  British  locomotive  engineers  that,  in 
order  to  maintain  tightness,  it  is  necessary  to  remove  the 
plug  seating  once  a  week,  and  it  is  difficult  to  avoid  the  con- 
clusion that  this  procedure,  if  it  is  imperative,  is  due  to  defec- 
tive design,  and  that  locomotive  engineers  in  the  States  might 
benefit  by  a  study  of  the  types  that  are  used  here.  The 
question  of  tlie  best  alloy  to  use  depends  on  circumstances,  and 
makers  naturally  keep  information  of  this  kind  to  themselves, 
thougli  til  ere  is  no  special  secrecy  about  them,  and  mixtures  of 
lead  and  tin  can  be  formed  having  melting  points  as  high  as 
600。  Fall,  or  as  low  as  36(^  Fah.  Some  little  time  ago  the 
question  of  fusible  plugs  was  made  the  subject  of  investigation 
by  the  U.S.  Bureau  of  Standards  owing  to  disastrous  explosions 
occurring  through  plugs  failing  to  act.  A  large  number  or 
plugs  were  collected  from  a  variety  of  sources,  which  had  been 
in  service  from  four  to  12  months,  and  analysis  showed  that 
the  majority  of  these  consisted  in  the  main  of  tin,  the  per- 
centage varying  from  96  to  99  per  cent.,  and  tliat  the  remain- 
ing 4  per  rent,  was  composed  of  zinc  and  lead  in  varying 
quantities.  The  Bureau  stated  that  in  many  of  these  plugs 
an  interlockiiio^  network  of  oxide  developed  throughout  the  tin 
after  a  period  of  service,  and  formed  a  solid,  hard  mass  on  the 
fire  side,  which  greatly  raised  the  melting  point  ；  in  some  cases 
beyond  that  of  gunmetal  or  even  of  boiler  plates,  and  it  is 
easy  to  understand  that  with  the  gradual  building  up  of  such 
a  constituent  the  behaviour  of  plugs  may  be  erratic.  The 
fact  that  stood  out  most  prominently  in  this  investigation  was 
that  zinc  is  the  objectionable  constituent,  and  that  for  the 
manufacture  of  alloys  in  fusible  plugs  the  tin  should  be  as 
pure  as  possible,  and  that  in  no  case  should  the  amount  of 
lead  or  zinc  impurity  be  permitted  to  exceed  one-tenth  of 
1  per  cent. 


BOARD  OF  TRADE  DEPARTMENTAL  COMMITTEE  ON  THE 
IRON  AND  STEEL  INDUSTRIES. 

The  Departmental  Committee  consists  of  Mr.  G.  Scoby  Smith, 
chairman,  Sir  Hugh  Bell,  Bart.,  Mr.  Archibald  Colville,  Mr. 
Jolin  Hodge,  M.P.,  Mr.  James  Gavin,  Mr.  George  Mure 
Ritchie,  Mr.  Henry  Summers,  Mr.  Benjamin  Talbot,  Mr.  John 
King,  Mr.  John  E.  Davison,  and  was  appointed  "to  consider 
the  position  of  the  Iron  and  Steel  Industries  after  the  War, 
especially  in  relation  to  International  Competition,  ami  io 
report  what  measures,  if  any,  are  necessary  or  desirable  in 
order  to  safeguard  1  hat  position."  Tn  order  to  carry  out  its 
investigations,  the  Committee  desires  to  elicit  exact  and 
detailed  information  from  a  number  of  representative  and 
individual  firms,  and  from  industrial,  cominercial,  and  jalxjur 
organisations,  with  respect  to:  (1)  The  extent  and  area  of 
trade,  and  capital  iiorrnally  employed.  (2)  The  deperideiicy 
upon  resources  external  to  this  country  for  supplies  of  materia) 
and  plant.  (3)  Labour  relations,  labour  restrictions  (if  any), 
and  comparative  conditions  in  the  industry.       (4)  British 


methods  of  conducting  foreign  business  contrasted  with  foreign 
methods  of  conducting  export  business.  (5)  The  effects  of 
iiiauufactiuing  and  commercial  co-operation  upon  trade  at 
home  and  abroad.  (6)  The  extent  to  which  British  industry 
is  adversely  affected  whether  as  regards  (a)  the  retention  of 
business  hitherto  or  previously  secured,  or  (h)  its  capacity  for 
expansion  by  the  existence  of  foreign  tariffs,  preferential 
arrangements,  bounties,  subsidies,  or  special  facilities  granted 
by  foreign  governments,  railways,  or  trade  combinations,  to 
their  manufacturers  or  exporters  ；  and  what,  in  your  opinion, 
is    the    remedy.      (7)    Terms    of  payment   and    of  credit. 

(8)  Technical    education,   skill,    and    nature    of  employes. 

(9)  The  effect,  if  any,  of  wayleaves,  and  mining  or  other 
royalties  upon  the  industry,  either  as  regards  home  or  export 
trade.  (10)  The  effect,  if  any,  of  railway  and  shipping  rates 
upon  the  industry,  as  regards  home,  or  export  trade. 
(11)  General  information.  The  recommendations  of  the  Com- 
mittee must  depend  for  their  effectiveness  upon  the  co-opera- 
tion of  all  who  are  interested  in  the  British  iron  and  steel 
industries.  The  Committee,  therefore,  invites  the  active 
support  and  assistance  not  only  of  individuals,  but  also  of 
industrial  organisations  of  whatever  character.  The  Com- 
mittee suggests  that  the  various  trade  organisations  should 
submit  either  through  their  secretaries  or  through  small  com- 
】nifctees，  a  general  statement  of  their  views  together  with 
suggestions  which  in  their  opinions  might  desirably  form  the 
foundation  of  practical  measures  in  the  future.  The  general 
evidence  might  suitably  be  supported  by  tlie  presence  of  a 
deputation  representative  of  the  organisation  as  a  whole.  The 
Committee  will  be  glad  to  receive  statements  supported  by 
verbal  evidence  from  representative  firms,  and  from 
individuals,  whose  depositions,  in  the  opinion  of  the  Com- 
mittee, will  be  valuable  to  their  work.  It  will  also  welcome 
the  assistance  of  import  and  export  merchants  who  are 
interested  in  the  handling  of  the  products  of  the  iron  and 
steel  industries  at  home  and  abroad. 


LOSSES  IN  CABLES  AT  HIGH  FREQUENCIES. 

The  results  of  some  tests  to  determine  if  there  is  any  appreci- 
able difference  in  the  losses  in  cables  which  depends  upon  the 
arrangement,  the  size,  and  the  insulation  of  the  individual 
strands  which  make  up  a  cable,  and  to  determine  what  com- 
binations of  these  various  features  will  give  a  cable  best  suited 
for  use  at  liigh  frequencies  lander  specified  conditions,  are 
given  in  a  paper  by  E.  F.  Northrup  and  R.  G.  Thompson 
recently  presented  before  the  Franklin  Institute.  The  follow- 
ing are  the  conclusions  drawn  from  the  tests  ： ― 

In  a  cable  the  strands  of  wliich  are  parallel  the  loss  is 
appreciably  greater  than  it  is  in  a  solid  wire  having  the  same 
cross- section  ；  and,  surprising  as  it  may  appear,  if  this  same 
cable  is  very  Tnuch  twisted,  so  that  the  wires  lie  in  concentric 
spirals,  the  loss  decreases  50  per  cent,  or  more  and  becomes 
less  til  an  in  a  solid  wire.  The  tests  appear  t  o  show  that  the 
more  the  cable  is  twisted  the  greater  is  the  reduction  in 
the  loss. 

With  the  exception  of  the  case  lUst  mentioned,  the  alter- 
nating-current resistance  of  a  cable  is  less  than  that  of  a  solid' 
wire  of  'he  same  cross-section.  The  smaller  the  individual 
wires  and  the  better  they  are  stranded  or  braided  and  the 
more  ])(Mfectlv  thev  are  insulated  from  each  other,  ilie  more 
iiearlv  does  the  alternating^-current  resistance  approach  the 
direct-current  resistance  for  a  gfiven  cable.  Tt  is,  further. 
iniDortran t  ih at  individu al  wires  should  be  stranded  or  braided 
sf)  fliat  in  passing;  along'  the  cable  an  outside  wire  becomes  an 
iiisifle  wire,  and  then  again  vice  versa. 

WoU-irisulatecl  cable  strands  are  obtained  by  usingf 
cnaTnelled  wire,  though  good  insulation  niav  be  partiallv 
()])taiped  bv  thorougfhly  treating  the  cable  with  an  insulat'iiig 
varnish.  Our  tests  seemed  to  indicate  t'l、at  the  decrease  in 
loss  obtained  bv  using*  eTiamel-insiilatpd  wire  in  cables  would 
hardlv  warrant  the  extra  cost  of  this  kind  of  insulation, 
l)nrtioularlv  in  cases  where  only  a  yiortion  of  the  total  current 
which  flows  is  hiVli-fren ueiicy  current.  A  case  of  this  char- 
^ctPT  is  wliere  the  second arv  of  a  high-tension  transformer 
feprls  an  oscillatinsr  circuit,  some  of  tlie  hipfh-freouencv 
osfillalins:  current  finding  its  way  into  the  secondary  winding;" 
of  til e  transformer. 
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SILENCING  THE  EXHAUST  AND  UTILISING  THE  WASTE 
HEAT  OF  INTERNAL-COMBUSTION  ENGINES. 

A  PATENT  recently  granted  to  Mr.  F.  W.  Kixon,  93，  Cromwell 
Road,  Bishopston,  Bristol,  relates  to  silencers  for  internal- 
combustion  engines  of  the  kind  in  which  thermopiles  are  em- 
ployed for  the  conservation  of  energy  which  would  otherwise 
be  dissipated  as  waste  heat.  Whilst  more  especially  designed 
for  use  on  tho  engines  of  vehicles  driven  by  internal-combus- 
tion engines,  it  is  also  applicable  to  gas  and  similar  engines. 
The  products  of  combustion  of  such  engines  are  generally  of 
comparatively  liigli  temperature  when  they  enter  the  exhaust, 
pipe,  and  the  more  particular  object  of  the  invention  is  to 
convert  the  heat  energy  into  electrical  energy  which  would 
be  available  for  the  charging  of  accumulators  and  used  for 
the  purposes  of  ignition,  lighting,  and  so  on. 

Referring  to  the  illustrations,  the  cylindrical  wall  of  the 
silencer  is  composed  of  a  plurality  of  substantially  triangular 
thermopile  couples  A,  B,  lying  m  transverse  planes  and 
arranged  in  longitudinal  series  between  circular  end  plates, 
held  together  by  bolts  E  disposed  between  adjacent  series  of 
couples,  the  series  of  couples  being  spaced  apart  angularly  by 
insulating  medium  F.  Each  couple  is  constituted  by  a  pair 
of  substantially  triangular  plates  A,  B  of  different  metals  or 
metallic  alloys,  the  plates  A  of  one  metal  in  a  series  alter- 
nating with  the  plates  B  of  the  other  metal,  and  the  apices 
of  the  plates  are  bent  towards,  and  are  united  to,  one  another 
by  welding,  and  are  directed  towards  the  axis  of  the  silencer, 
whilst  their  bases  are  bent  away  from  one  another  and  simi- 


are  oarriod  in  insiilat in^^  huslios  by  lugs  secured  \o  iho  oml 
plate.  The  insulat  ing  inedivnii  V  does  not  exteiuJ  to  tlic  outer 
"nds  of  t  he  couples  and  consequent  ly  longit  udinal  grooves 
are  left  between  adjacent  series  so  that  in  use  the  inner  ends 
()f  the  couples  are  submitted  to  the  heat  of  the  exhaust  gases 
whilst  the  outer  ends  thereof  are  cooled  by  the  ambient  atmo- 
sphere. The  plates  A  and  B  are  made  of  iron  and  copper- 
i]i(、kel  alloy  respectively,  and  the  series  of  couples  may  be  con- 
nected in  series  or  in  parallel  8o  as  to  ensure  the  {generation 
of  current  of  the  required  value  for  effecting  ignition  of  tlie 
explosive  charges  in  the  engine  cylinders,  lighting  of  lamps, 
and  charging  of  accumulators. 


Silencer  and  Waste  Heat  Utiliskr  for  Internal-combustion 
Engines  . 

larly  united  to  the  bases  of  tlie  adjacent  plates  B  and  A 
respectively  of  the  couples  on  either  side  thereof  in  the  series. 
The  plates  in  each  series  are  separated  from  one  another  by 
thill  sheets  of  asbestos,  paper,,  or  other  suitable  insulating 
medium,  and  the  couples  are  so  arranged  in  the  series  that  one 
series  has  at  the  left-hand  end  a  plate  A  and  at  the  right- 
hand  end  a  plate  B，  whilst  the  next  series  has  at  the  left-hand 
end  a  plate  B  and  at  the  right-hand  end  a  plate  A,  and  so 
on  around  the  series,  and  the  plate  A  at  the  left-hand  end  of 
one  series  is  connected  with  the  plate  B  at  the  same  end  of 
one  of  the  adjacent  series  by  a  copper  strip  H,  whilst  the  plate 
B  at  the  right-hand  end  of  the  series  is  connected  with  the 
plate  A  at  the  same  end  of  the  other  of  the  adjacent  series 
by  a  copper  strip  J，  and  so  on  around  the  series,  so  that  the 
strips  H  and  J  are  staggered  angularly. 

The  edges  of  the  plates  A,  B  are  cut  away  at  K  to  accom- 
modate sufficient  insulating  medium  between  the  edges  and 
the  bolts  E,  and  the  insulating  medium  does  not  extend 
towards  the  axis  of  the  silencer  to  so  great  an  extent  as  the 
couples  A,  B,  so  that  on  the  one  hand  the  inner  junctions  of 
the  couples  are  exposed  to  the  heat  of  the  exhaust  gases  and 
on  the  other  hand  an  enlarged  space  is  provided  for  the  expan- 
sion of  the  gases,  the  diameter  to  the  bottoms  of  the  longi- 
tudinal grooves  formed  between  adjacent  series  of  couples 
being  greater  ilian  that  of  the  exhaust  pipe  M.  The  series  of 
couples  are  insulated  from  the  end  plates  by  rings  of  asbestos, 
and  the  plates  A，  B  at  the  same  end  of  two  adjacent  series, 
instead  of  being  connected  together  by  a  copper  strip  J,  are 
electrically  connected  with  terminals  P,  Q  respectively,  which 


THE  MANUFACTURE  OF  ELECTRIC  CABLES. 

The  Society  of  Engineers  is,  we  are  informed,  experiencing 
considerable  difficulty  this  year  in  arranging  its  usual  visits  U) 
engineering  works  during  the  sununer.  Recently,  however, 
Messrs.  Jchiisou  &  Phillips  were  able  to  show  them  a  portion 
of  their  works  at  Charlton,  including  a  large  plant  for  the 
manufacture  of  telephone  cables  capable  of  dealing  with 
cables  up  to  1,000  pairs  of  small  wires  for  local  lines,  and 
also  trunk  ，'  cables  consisting  of  fewer  but  heavier  wires. 
One  shop  contained  a  large  number  of  multiple-headed 
machines  for  covering  the  single  wires  with  one  or  two  layers 
of  paper  put  on  longitudinally  or  spirally,  and  forming  a  in  ore 
or  less  loose  tube  of  paper,  also  a  number  of  special  high-speed 
twinning  machines  which  are  used  to  twist  two  of  the  covered 
conductors  together,  forming  the  "  twin/'  which  is  wound  on 
to  a  larger  bobbin.  These  bobbins  are  taken  to  the  -'  laying- 
up  "  machines ― in  another  shop.  Several  of  the 
" laying-up  "  machines  are  arranged  for  laying-uj) 
pair  telephone  cables,  of  which  large  quantities  are 
made. 

Other  larger  machines,  consisting  of  three  oi 
four  sections,  each  carrying  different  numbers  ot 
bobbins,  are  designed  to  "  lay-up  "  the  twinned 
conductors  into  cables,  each  layer  of  conductors 
being  stranded  in  opposite  directions.  These 
machines  will  deal  with  cables  up  to  150  pairs. 
If  the  cable  has  to  be  made  up  with  a  larger 
number  of  pairs,  it  then  goes  to  a  still  larger 
machine  having  four  or  five  sections,  the  largest  of 
which  carries  70  standard  bobbins,  or  if  necessary, 
100  or  more  narrower  bobbins.  The  cable  can  be 
built  up  in  this  machine  with  several  more  layers 
of  conductors  put  on  in  opposite  directions,  until 
it  reaches  a  total  of  800  to  1,000  pairs,  accord- 
ing to  requirements.  The  cable  so  made  is 
coiled  oil  to  steel  drums,  which  are  then  placed  in  large  steam- 
heated  hermetically-sealed  chambers  to  dry  the  paper  cover- 
ing, the  moisture  being  carried  off  by  means  of  an  air  pump 
which  causes  a  more  or  less  perfect  vacuum  in  the  chamber. 

When  the  cable  is  thoroughly  dried  it  is  taken  to  the  lead- 
covering  press  and  coated  with  lead.  These  presses  consist  of 
a  lead  container  having  a  point  or  core  and  die  through  which 
the  cable  to  be  covered  passes.  Two  hydraulic  rams  are 
arranged  to  work  into  the  lead  container  and  operated  on  the 
lead.  Above  the  container  is  the  lead-nieltiiig  pot,  the  molten 
lead  being  run  from  the  pot,  into  the  container,  where  it  is 
allowed  a  few  minutes  to  "  set  "  and  then  the  hydraulic  pres- 
sure is  applied.  The  point  or  core  through  which  the  cable 
passes  is  cone-shaped,  so  that  when  the  pressure  is  applied  the 
lead  moves  forward  off  the  core  and  through  the  die,  this 
being  the  only  exit,  and  the  point  of  the  core  being  close  to 
the  die  a  tube  of  lead  is  formed  of  such  size  as  to  cover  the 
cable,  take  a  grip  of  it,  and  pull  it  through  the  press  as  the 
pipe  is  formed.  The  cable  so  covered  is  coiled  on  to  drums 
and  tested  under  water ― with  the  ends  of  the  pipe  and  cable 
projecting ― to  see  that  the  pipe  is  quite  sound  and  watertight. 
These  lead-covering  presses  can  deal  with  cables  of  any  prac- 
tical length  without  any  joint  in  the  lead  pipe,  because  when 
a  charge  has  as  far  as  practicable  been  extruded  the  hydraulic 
ram  is  withdrawn  and  a  further  charge  of  molten  lead  is  run 
into  the  container  and  automatically  burns  itself  on  to  the 
l)lock  of  lead  which  is  left  in  the  chamber  and  around  the 
cable. 

In  the  same  department  there  were  a  number  of  stranding 
machines  of  various  sizes  for  dealing  with  copper  strands  com- 
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posed  of  diflerent  sizes  and  numbers  of  wires  as  used  for  cables 
lor  power  transmission  and  lighting,  also  a  number  of  paper- 
insulating  machines  for  covering  the  strands  with  varying 
numbers  of  layers  of  paper  according  to  the  thickness  of 
insulation  required.  These  machines  each  have  four  or  five 
heads,  each  head  having  three  arms,  and  each  arm  adapted  to 
carry  three  discs  of  paper,  enabling  the  machines  to  put  on  36 
to  45  layers  of  paper  at  one  operation.  The  heads  of  these  ma- 
chines have  hollow  mandrels  through  which  the  cable  passes, 
while  the  head  revolves  laying  the  strips  of  paper  on  the  cable 
spirally.  From  these  machines  the  cable  is  coiled  into  steam- 
lieated  hermetically-sealed  pans,  all  moisture  being  evaporated 
and  drawn  off  by  means  of  an  air  pump.  A  resinous  coin- 
pound  is  admitted  into  the  pan  while  it  is  still  under  vacuum, 
and  the  d rv  paper  readily  takes  up  the  compound,  and  in  a 
short  time  becomes  thoroughly  saturated.  When  this  con- 
dition is  readied  the  vacuum  is  broken,  the  pan  opened,  and 
the  cable  is  passed  through  the  lead-covering  press,  as  before 
described  in  connection  with  the  telephone  cables. 

After  lead  covering,  the  power  and  lighting  cables  are 
usually  armoured  with  steel  wires  or  steel  tapes,  and  protected 
with  preservative  tapes  or  jute  yarns  and  compounds.  The 
wire-armouring  machine  is  practically  the  same  as  the  large 
stranding  maciiine,  arranged  to  carry  a  large  number  of 
bobbins,  it  sometimes  being  necessary  to  use  as  many  as  100 
or  nioi'e  v/ires.  The  steel-taping  machine  has  a  very  massive 
head  provided  with  two  worm-adjusted  quadrants,  each  of 
which  carries  a  disc  of  steel  tape.  The  head  has  a  hollow 
mandrel  through  which  the  cable  passes,  and  the  head  revolv- 
ing lays  the  tapes  on  the  cable  helically.  Each  tape  is  laid 
on  in  an  "  open  "  helix,  the  tapes  being  adjusted  so  that  the 
outer  one  covers  the  space  between  the  coils  of  the  inner  tape 
so  as  to  provide  a  perfect  shield.  Over  the  steel  tapes  it  is 
usual  to  put  one  or  two  tapes  or  layers  of  jute  and  compound, 
and  this  is  done  at  the  same  time  as  the  armouring. 

In  the  rubber  cable  department  were  seen  wires  and  cables 
of  various  sizes  being  covered  with  pure  and  coinpounded 
rubbers,  afterwards  vulcanised  and  protected  by  tapes,  braid- 
ing, &c.  Especially  interesting  were  the  longitudinal  rubber- 
covering  machines,  which  are  arranged  to  cover  12  conductors 
siin ultaneously  with  two,  three,  or  tour  layers  of  rubber.  In 
these  machines  the  wires  are  made  to  puss  side  by  side  through 
grooved  rollers,  while  strips  of  rubber  are  fed  in  with  the 
wires ― one  above  and  one  below  the  rollers,  crushing  the 
rubber  strip  together  between  the  wires  and  practically  form- 
ing a  band  of  12  covered  wires  with  a  fine  fin  of  rubber 
between  them.  The  crushing  of  the  rubber  has  the  effect'  of 
uniting  the  two  strips  of  rubber  at  the  side  of  each  wire,  and 
the  fin  is  so  thin  that  the  band  easily  splits  up,  leaving  12 
separate  covered  wires,  which  are  coiled  on  to  separate  drums. 
These  rubber-covered  conductors  are  then  wound  on  to  steel 
cylinders  and  placed  in  steam-heated  pans  in  which  they  are 
submitted  to  a  certain  temperature  for  a  certain  period, 
according  to  the  size  of  the  wire  or  cable  and  to  the  quality 
of  the  rubber  being  dealt  with.  After  this  operation  the 
cable  is  protected  with  tapes  or  braiding  and  preservative 
compound  according  to  specification. 

For  making  the  smaller  strands  Messrs.  Johnson  and 
Phillips  have  installed  many  of  their  latest  high-speed  strand- 
ing machines,  which  run  at  speeds  of  1,250  to  1,000  revs,  per 
minute.  These  are  comparatively  long  machines,  with  bobbin 
carriages  arranged  in  a  long  cage,  tandem  to  one  another,  and 
supported  in  ball  bearings  in  such  a  manner  that  they  remain 
stationary  while  the  cage  revolves  around  them.  The  cages 
are  sj)lendidly  balanced  and  they  are  supported  at  intervals 
in  1  heir  length  on  special  rollers  which  ensure  very  quiet 
running.  In  addition  to  the  stranding  and  covering  machines 
there  were  also  various  machines  for  cutting  the  rolls  of 
rubber  and  cloth  into  strips  to  suit  the  various  sizes  of  con- 
ductors. The  majority  of  the  rubber-covered  cables  when 
completed  are  tested  under  water,  and  the  visitors  saw  several 
large  testing  tanks  and  special  testing  rooms  engaged  upon 
this  work.  Practically  all  the  machines  used  by  Messrs. 
Johnson  k  Phillips  in  their  cable-making  department  are  of 
their  own  manufacture,  this  work  being  a  speciality  of  theirs. 
(Jwing  to  the  short  time  at  the  disposal  of  the  members,  they 
were  unable  to  go  throuf^li  various  other  shops  engaged  in  the 
manufacture  of  iraiisfonners,  KwitchlKjards,  and  swiicli^oar, 
instruments,  arc  lamps,  &c:.，  but  a  short  time  was  spent  in  the 
general  engineering  shop. 


EQUALISATION  OF  LONG  LOCOMOTIVES.* 

The  first  American-built  locomotive  of  which  we  have  record 
appears  to  be  the  small  experimental  engine  constructed  by 
Peter  Cooper,  and  used  on  the  Baltimore  and  Ohio  Railroad 
from  Baltimore  to  Ellicotts  Mills,  August  28th,  1830.  This 
embodied  a  rigid  frame,  upright  boiler,  and  a  single  3|in.  by 
14^in.  vertical  cylinder  connected  to  one  axle  through  a  cross 
shaft  and  gearing.  The  four  30iii.  wheels  of  the  engine  had 
no  springs  and  were  not  equalised.  On  January  4th,  1831， 
the  B.  and  O.  advertised  a  competition  to  be  held  June  1st, 
and  offered  to  pay  §4,000  for  the  best  engine  and  |3,500  for 
the  next  best,  which  should  meet  the  conditions  of  tractive 
power  and  speed  and  weigh  not  more  than  3^  tons.  Several 
builders  offered  engines  for  trial,  but  only  one  met  the  require- 
ments, and  this  only  after  some  modification.  It  was  built 
by  Davis  &  Gartner,  of  York,  Pennsylvania,  and  consisted  of 
an  upright  boiler  supported  on  a  rigid  frame,  carried  by  four 
wheels  30in.  diam.,  having  outside  crank  axles  and  trussed  side 
rods,  to  the  centre  of  which  was  attached  a  main  rod  on  each 
side  operated  by  vertical  cylinders  fastened  to  the  side  of  the 
boiler.  It  is  stated  that  the  engine  worked  badly  in  con- 
sequence of  the  action  of  the  springs,  due  to  inequalities  of 
the  track  and  the  alternating  vertical  movement  of  tlie  pis- 
tons.   Here  were  springs  but  still  no  equalisers. 

In  1828,  Horatio  Allen  had  gone  to  England  with  autho- 
rity to  purchase  three  locomotives  for  the  Delaware  and 
Hudson  Company  J  which  in  1827  had  commenced  the  construc- 
tion of  a  16-mile  railroad  between  Honesdale  and  Carbondale, 
Pennsylvania.  This  road  was  opened  in  1829,  at  first  using 
horses ;  and  on  August  9th  of  that  year  the  first  locomotive 
to  operate  in  this  country  was  tried  on  that  line.  It  was 
named   the    "  Stourbridge    Lion,"    and    was   built    by  the 


Stephensons,  who  were  at  that  time  the  foremost  locomotive 
builders  of  the  world. 

In  1830，  the  South  Carolina  Railway  Company  had  a  loco- 
motive built  at  the  West  Point  Foundry,  named  the  "  Best 
Friend/'  and  in  1831  another  engine,  named  "The  South 
Carolina,"  was  delivered  by  the  same  builders,  and  was  the 
result,  of  a  design  prepared  by  Mr.  Allen  after  his  visit  of 
investigation  to  England.  It  consisted  of  a  double-ended 
boiler  carried  by  two  pivoted  trucks,  each  containing  one  pair 
of  small  wheels  and  one  pair  of  larger  driving  wheels.  Here 
were  swivelling  trucks,  and  the  first  Mallet,  a  2 ― 2 ― 2 ― 2. 
The  arrangement  of  the  pivoted  trucks  under  "  The  South 
Carolina  "  seems  to  be  the  first  effort  to  provide  equalisation, 
and  this  scheme  was  suggested  by  Mr.  Allen  in  a  report  to  the 
South  Carolina  Canal  and  Railroad  Company,  dated  May 
16th,  1831. 

In  the  latter  part  of  this  year  John  B.  Jervis,  a  prominent- 
civil  engineer,  invented  what  he  called  ''a  new  plan  of  frame, 
with  a  bearing  carriage  for  a  locomotive  engine, "  for  the  use 
of  the  Mohawk  and  Hudson  Railroad.  In  a  letter  published 
in  the  "  American  Railroad  Journal,"  July  27th,  1833,  he 
described  the  objects  aimed  at  in  the  use  of  the  truck  as 
follows :  ''  The  leading  objects  I  have  in  view,  in  the  general 
arrangement  of  the  plan  of  the  engine,  did  not  contemplate 
any  improvement  in  the  power  over  those  heretofore  con- 
structed by  Stephenson  &  Co.,  but  to  make  an  engine  that 
would  be  better  adapted  to  railroads  of  less  strength  than 
are  connnon  in  England  ；  that  would  travel  with  more  ease 
to  itself  and  to  the  rail  on  curved  roads  ；  that  would  be  less 
affected  by  inequalities  of  the  rail,  than  is  obtained  by  the 
arrangement  in  the  most  approved  engines. ，，     This  device 

♦  Re))ort  of  a  committee  presented  at  the  annual  convention  of  the  American 
Kailway  Master  Mechanics'  Association,  June  20th,  1916. 
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was  never  patcMilod  ami  t  lio  4 ― 2—0  wil  li  a  pivotod  truck  was 
eiit'irely  sat  isTiiclory  for  (liose  early  days.  Tlio  efTectpivencss 
of  this  iirrahgoiuonl  in  accomplishing  what.  M r.  Jorvis  in- 
tended was  at  aiu'o  recognised,  and  its  almost  (MUM'al  adoption 
oil  American  locomotives  followed. 

Tli^  early  Norris  and  Baldwin  engines,  each  of  wliicli  firms 
began  the  construction  of  locomotives  in  Philadelphia  in 
18:^2，  adopted  this  wheel  arrangement,  the  Norrks  engines 
having  the  driving  axle  placed  in  front  of  the  firebox  of  the 
horizontal  boiler,  and  the  Baldwin  engines  behind  it.  Thus 
early  was  the  arrangement  corresponding  to  the  3 -legged  stool 
adopted,  and  the  success  of  locomotives  on  tlie  poorly  con- 
structed railroads  of  this  country  must  be  credited  to  the 
arrangement-  devised  by  Mr.  Jervis,  who  was,  perhaps,  in- 
fluenced by  Mr.  Allen's  plan  of  '(  The  South  Carolina."  In 
1834，  Ross  Winaus  patented  the  application  of  the  principle 
to  passenger  and  otlier  cars,  and  a  number  of  suits  were 
brought  against  various  railroads  for  infringement,  but 
the  matter  was  finally  decided  against  Winans  by  the  United 
States  supreme  court. 

As  the  demand  for  increased  power  became  more  insistent, 
a  further  improvement  in  the  wheel  arrangement  was 
patented  by  Henry  R.  Campbell,  February  5tli,  1836，  who 
devised  the  4 ― 4 ― 0  type,  and  secured  broad  claims,  as  fol- 


in  less  than  10  years  after  tho  iniroduft ion  of  t lie  first  looo- 
motivo  into  this  country,  all  iho  pi'inripal  elements  for  the 
satisfactory  (H[ualisatjon  of  ilio  rnacliiiio  to  run  su(;<;eH»fully 
on  our  cheaply  coiisf  rucied  irack.s  had  been  developed.  Tlie 
； Merged  stool  pdm'iple,  the  weight  carried  ou  springH,  the 
e(|ualiser,  and  the  4-wheel  pivoted  guiding  truck  are  all  shown 
ill  (he  ''  Mercury,"  sister  eii^ane  of  the  "  Atlas,"  turned  oui  in 
September,  1839.  The  American  type,  or  4. 一 4—0，  was  a  logical 
development,  and  it  came  to  stay.  Progress  did  not  stop  at 
this  point;,  however,  and  shortly  after  a  third  pair  of  driving 
wheels  was  added,  and  tho  patent  dated  August  25tli,  1842, 
issued  to  M.  W.  Baldwin,  shows  a  "  flexible  beam  truck/' 
which  was  used  under  large  numbers  of  engines  built  by  the 
Baldwin  Locomotive  Works  for  many  years  after.  Tlie  next 
step  was  the  addition  of  still  another  pair  of  driving  wheels, 
and  a  patent  covering  this  innovation  was  issued  to  Ross 
Winans,  June  28th,  1843.  In  the  meantime,  it  may  be  noted 
in  passing,  the  variable  exhaust  nozzle  had  been  patented  in 
1840  ]  the  Walschaert  valve  gear  was  invented  in  1844,  the 
feed-water  heater  in  1849,  and  the  superheater  in  1850. 

Having  thus  briefly  traced  the  early  development  of  the 
locomotive  in  this  country,  the  methods  followed  in  working 
out  the  actual  equalisation  of  the  various  classes  of  locomotive 
in  common  use  may  now  be  noted.   The  simplest  form  of  wheel 
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lows :  "  What  I  claim  as  my  own  invention,  and  not  previously 
known  in  the  above  described  machine,  is  the  combination 
and  application  to  each  locomotive  steam  engine  of  two 
pairs  of  driving  or  propelling  wheels  and  two  pairs  of  guide 
wheels,  and  also  as  a  modification  and  part  of  my  improve- 
ment, I  claim  the  combination  and  application  to  each  loco- 
motive steam  engine  of  two  pairs  of  driving  wheels  and  one 
pair  of  guide  wheels  for  the  purposes  liereinbefore  described." 
This  departure  from  tlie  3 -legged  stool  principle  was  not 
wholly  satisfactory  in  operation,  although  the  driving  boxes 
were  carried  in  pedestal  jaws,  and  the  weight  of  the  back 
end  of  the  locomotive  was  supported  on  four  springs,  one  over 
each  box,  the  springs  being  the  standard  semi-elliptic  type  in 
use  at  the  present  time,  and  the  spring  hangers  secured  to  the 
frame  under  each  end. 

In  order  to  overcome  the  inability  of  the  engine  to  accom- 
modate itself  to  the  inequalities  of  the  track  the  next  step 
forward  was  the  invention  of  the  "vibrating  beam,"  by 
Joseph  Hairison,  jun.,  of  Philadelphia,  patented  April  24th, 
1838.  This  patent  embodies  the  first  use  of  the  equaliser, 
and  various  methods  are  shown  for  distributing  the  load  from 
the  frame  to  the  driving  boxes,  so  that,  as  Mr.  Harrison 
states,  "  The  two  wheels  on  each  side  may  readily  adapt  them- 
selves to  tlie  ine({ualities  of  the  road  without  alternating  their 
relationship  to  the  action  of  the  spring."    We  thus  see  that 
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base  is  the  0 ― 4 ― 0，  or  4-wheeled  switcher.  In  order  to  allow 
the  wheels  to  follow  the  irregularities  in  the  track  without 
materially  changing  the  loads  on  the  journals,  it  is  necessary 
to  adopt  the  3-legged  stool  principle.  It  is  well  known  that  a 
stool  having  three  legs  will  stand  firmly  no  matter  how  uneven 
the  ground  on  which  it  rests,  while  one  having  four  legs  will 
rock  about  and  bear  unevenly  if  there  is  the  slightest  irregu- 
larity from  a  true  plane  surface. 

This  involves  designing  the  spring  rigging  so  that  the 
engine  frames  and  all  parts  attached  to  them  shall  be  carried 
on  the  fundamental  points  of  support,  commonly  called  the 
3 -point  suspension.  Both  ends  of  the  rear  driving  springs 
are  anchored  directly  to  the  frames,  and  these  springs,  having 
equal  arms  and  resting  on  the  driving  boxes,  deliver  the  load 
they  carry  directly  to  the  journals  of  the  back  axle  and  tlius 
constitute  two  of  the  three  legs  of  the  stool.  The  front  springs 
have  their  rear  ends  anchored  to  the  frames  and  their  front 
ends  connected  to  a  cross  equaliser,  the  centre  of  which  is 
attached  to  a  frame  brace  as  shown  in  Fig.  1.  If  the  weight 
of  the  spring-borne  parts  of  the  engine  be  denoted  by  W，  and 
tlie  distance  of  the  centre  of  gravity  of  this  mass  from  the 
front  axle  be  A,  and  from  the  rear  axle  B,  then  the  weight 

WB 


carried  by  the  front  axle  will  be 


A-fB 


and  the  weight  carried 


by  the  back  axle  will  be  what  is  left  over  after  subtracting  the 
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， ，       "T  WB 
weight  on  the  front  axle  ironi  llie  entire  load,  or  W  -  ^ ^ g- 

Since  the  front  springs  are  provided  witli  a  cross  equaliser, 
these  springs  form  a  unit  support  S^,  located  midway  between 
the  springs  and  on  the  centre  line  of  the  axle,  thus  constitut- 

WB 

ing  the  third  leg  of  the  stool.    The  load  carried  is      =：  ^ 

The  rear  springs  are  independent  of  each  other,  not  being 
provided  with  a  cross  equaliser,  and  form  the  unit  supports 

WB 


So  and  S3,  the  load  carried  by  each  being  J  (W- 


A+B' 

On  a  locomotive  of  the  0 ― 6 ― 0  type,  having  six  driving 
wheels  and  no  truck,  the  back  ends  of  the  front  driving  springs 
are  anchored  directly  to  the  frames,  while  a  cross  equaliser 
is  provided  between  the  front  ends  of  the  same  springs.  This 
forms  a  unit  support  S^,  which  is  located  midway  between 
the  frames  and  on  the  centre  line  of  the  front  axle.  The 
front  ends  of  the  second  springs  and  the  rear  ends  of  the  rear 
springs  on  each  side  of  the  locomotive  are  anchored  to  the 
frames,  while  the  other  ends  of  the  springs  are  connected  to 
each  other  through  longitudinal  equalisers.  Usually  these 
longitudinal  equalisers  are  equal-armed,  in  which  case  the  unit 
supports  So  and  S3  come  directly  at  the  centre  of  the  equali- 
sers. Assuming  that  the  centre  of  gravity  of  the  spring-borne 
weights  W  comes  at  a  distance  A  from  the  front  axle  and  B 
from  the  centre  of  the  longitudinal  equalisers,   the  weight 

W  B 

carried  bv  the  front  axle  will  be  - —— - =8,  while  the  weight 
"  A  +  B 

W  B 

carried  by  the  other  two  pairs  of  wheels  will  be  W  ―  ^ 

= S2+  S3.  In  case  longitudinal  equalisers  are  not  equal- 
armed,  as  is  indicated  in  Fig.  3，  the  unit  supports  83  and  S3 

Q 

are  located  as  follows  ：  Keeping  in  mind  that  R  —  P  — ,  take 
moments  about  the  rear  end  of  the  spring 


E 


P  +  Gx  P 


which  locates  and  S3.  Assuming  the  centre  of  gravity  of 
the  spring-borne  parts  W  located  back  of  front  axle  at  a 
distance  A,  then  the  weight  carried  by  the  front  axle  is 
W  B 

-,  -, while  the  weight  carried  by  the  rear  axles  is  W  ― 
A+B  &  ^ 

)V  L  the    weight  carried 
A  +  B  5 

Jfw-  i、、，  WB 

\         A  +  B/    and     by    the    rear    axle    W  一  ^-^-^ 


by    the    second    axle  being 


J+K 


J 


\        A  +  B  乂 


J  +  K 

Eight  and  ten  driving  wheel  locomotives  with  110  trucks 
are  handled  in  the  same  way  as  the  above,  the  designer  taking 
care  to  anchor  the  spring  hangers  to  the  frames  between  the 
drivers,  between  which  the  centre  of  gravity  of  the  spring- 
borne  parts  comes.  If  this  point  is  overlooked  there  will  be 
danger  of  some  of  the  wheels  not  carrying  enough  weight  in 
case  the  springs  or  spring  hangers  are  not  properly  made, 
and  a  derailment  may  occur. 

Fig.  4  represents  a  Mogul  or  2 ― 6 ― 0  type  locomotive. 
The  spring  hangers  in  this  type  of  locomotive  should  be 
ancbored  to  the  frame  between  tlie  first,  and  second  drivers 
and  at  the  rear  of  the  third  drivers,  as  the  centre  of  gravity 
of  the  spring-borne  parts  comes  between  the  first  and  second 
drivers,    lleferring  to  the  front  system  of  the  equalisation 

and  remembering  that  R  =  2P^^,  the  location  of  the  front  sup- 

port  may  be  found  thus  ： ― 


Ex2P  +  Fx2P  - 
4P  +  2P  ^ 


H. 


From  this  the  distance  A  from  the  front  unit  support  to  the 
centre  of  gravity  of  the  spring-borne  parts  can  be  found. 
Generally  the  arms  of  the  levers  between  the  second  and  third 
pairs  of  drivers  are  equal,  so  that  the  rear  unit  supports  So 
and  S3  are  located  half-way  between  the  second  and  third 
driving  axles  and  at  a  distance  B  from  the  centre  of  gravity 
of  the  spring-borne  weight  W，  and  the  weight  carried  by  each 
pair  of  wheels  can  be  readily  found. 

Locomotives  of  the  consolidation,  or  2 ― 8 ― 0，  type  and 
decapod,  or  2—10 —— 0  type,  are  handled  in  a  similar  way,  the 
front  system  of  equalisation  consisting  of  the  truck  and  one 
or  two  pairs  of  driving  wheels,  depending  on  the  location  of 
the  centre  of  gravity  of  the  spring-borne  parts. 

In  locomotives  of  the  American,  or  4 — 4 —— 0，  type,  no  cross 
equaliser  is  used,  the  centre  plate  of  the  engine  truck  forming 
the  front  unit  support  S^,  while  the  centre  of  the  equalisers 
on  each  side  of  the  locomotive  between  the  drivers  form  the 
rear  unit  supports  and  S3.  This  form  of  equalisation  is 
very  simple  (and  gives  very  little  trouble.  With  the  addition 
of  another  pair  of  drivers,  forming  the  4 ― 6 ― 0  type,  a  trailer 
truck,  forming  the  4 ― 4 ― 2  type,  or  a  third  pair  of  drivers 
with  a  trailer  truck,  forming  the  4 ― 6 ― 2  type,  the  equalisa- 
tion becomes  more  complicated,  and  unless  it  is  properly 
designed  trouble  may  be  expected.  In  all  of  these  types  of 
locomotives,  as  well  as  any  other  type,  the  equalisation  systems 
should  be  divided  as  near  as  possible  to  the  centre  of 
gravity  of  the  spring-borne  parts,  as,  if  this  is  not  done,  there 
is  danger  of  engine  truck  not  carrying  its  legitimate  load, 
which  may  result  in  a  derailment.  In  Fig.  5  is  indicated  the 
spring  rigging  for  an  Atlantic  (4 ~ 4 ― 2)  type  locomotive,  the 
method  of  determining  the  weight  distribution  being  as 
follows  ：  ~ - 

Referring  to  the  front  system  of  the  equalisation,  P  repre- 
sents the  load  on  eacli  of  the  spring  hangers  of  the  springs 

over  the  front  driving  wheels,  while  R  =  represents 

the  load  applied  to  the  front  engine  truck  centre  plate. 
Taking  moments  about  the  rear  ends  of   the   front  driving 

2PD 

E  x2P  +  rx  - 
springs  we  have   ^Wt^  =  G ,  which   gives  loca- 


4P  + 


2FD 


tion  of  front  unit  support  Sj.  This  point  may  fall  011.  in 
front  of  or  back  of  the  fulcrum  point. 

In  the  rear  system  of  the  equalisation,  L  represents  the 
load  carried  by  each  of  the  spring  hangers  of  the  springs  over 

the  main  drivers  and  M  二        represents  the  load  applied  to 

each  trailer  truck  box.    Taking  moments  about  the  centre  of 

.                 1       Hx  L  + JL  1  .  ， 

the  trailer  axle  we  have     ,、丁  ^  K,   which   locates  the 


OL 

N 


+2L 


rear  unit  supports      and  S^. 

Having  found  the  location  of  the  three  points  of  support, 

Sp  S^,  and  S:!,  then  distances  A  and  B  from  the  centre  of  gravity 

of  the  spring-borne  weight  W  can  be  found.    Then  the  weight 

WB      1.        . , , . 

this  weight  being 


carried  at  the  front  support 
2PD 


equal  to  4P  +  R  =  4P  + 


C 


A+B' 

from  which  the  amount  of 


load  carried  by  each  axle  can  easily  be  found.    The  supports 

W  B 

S3  and  S3  together  carry  the  load  W  ― 八 +  ^，  the  load  ear- 
ned by  each  axle  being  found  as  indicated  above. 

Following  the  general  principles  laid  down,  the  weight 
distribution  of  any  properly  designed  locomotive  can  be 
accurately  deterniined  There  are,  however,  locomotives  iu 
service  in  this  country  in  which  the  spring  rigging  has  not 
been  properly  designed,  and  these  locomotives  require  con- 
stant attention  to  see  that  tlie  different  axles  carry  the 
proper  weight.  In  some  cases  the'  driving  springs  are  so 
large  and  stiff  that  the  engine  truck  may  be  entirely  removed 
without  making  any  practical  difference  in  tlie  li eight  of  the 
coupler.  Under  condition  of  worn  wheels,  axles,  &c.，  or 
improper  s))riiig  hangers  the  truck  may  not  carry  sufficient 
weight  for  safe  operation. 
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CORROSION  AND  SCALE  PREVENTION  IN  STEAM  BOILERS.* 

HY  ALl.KN  H.  UAIKOCK. 

There  will  be  described  in  detail  a  radical  departure  from  tlio 
conventional  methods  of  liandling  boiler  trou])les  due  to  corro 
sicii.  At  present  the  method  considered  most  highly  scientific 
is  to  send  samples  of  water  to  a  chemist  in  order  that  a  proper 
corrective  may  be  prescribed .  The  cornpositioii  of  the  correc- 
tive is  usually  a  trade  secret,  jealously  guarded,  which  the 
purchaser  uses  blindfold.  On  the  other  hand,  the  method  to 
be  described  applies  one  corrective  to  all  waters.  A  different 
composition  of  feed  water  demands  not  so  much  a  different 
composition  of  corrective  as  a  different  quantity  thereof.  A 
simple  chemical  test,  made  by  the  engineer  of  the'  plant,  or  his 
clerk,  gives  the  condition  of  the  water  in  the  boiler,  under 
steaming  conditions,  and  determines  the  quantity  of  chemicals 
to  be  applied.    The  purchaser  now  works  with  his  eyes  open. 

It  seems  from  all  that  can  be  ascertained  at  the  present 
time,  that  at  least  there  is  a  method  of  handling  boilers,  with  a 
compound  applicable  to  any  water  under  any  conditions  of 
steaming,  without  a  material  change  in  the  formula.  The 
only  requirement  is  that  the  boilers  must  he  treated  indi- 
vidually ； it  is  not  enough  to  treat  a  battery,  or  to  treat  the 
feed  water  going  into  the  boilers  in  general.  The  first  applica- 
tion by  the  author  of  this  method  was  made  at  the  Fruitvale 
power  station  of  the  Southern  Pacific  Company,  the  boiler 
equipment  of  which  consists  of  12  water-tube  boilers,  each  of 
645  boiler  horse-power.  It  has  since'  been  used  by  the 
Southern  Pacific  Company  in  stationary  plants  in  the  oil  fields 
and  on  locomotives  in  the  same  district. 

The  method  is  in  no  respect  original  with  the  author.  It 
has  been  his  good  fortune  to  be  able  to  apply  the  work  of 
another  who  was  similarly  situated,  but  who  solved  the  pro- 
blem for  himself.  The  results  have  been  such  that  it  seems 
worth  while  putting  them  on  record,  particularly  since  a 
description  of  the  method  has  lain  in  the  technical  literature  of 
this  country  unnoticed  for  about  three  years.  Apparently  it 
has  attracted  almost  no  attention  outside  of  a  very  limited 
circle. 

The  first  inspection  of  the  boilers  of  the  Fruitvale  plant 
after  it  was  put  in  operation  showed  that  serious  corrosion 
began  a  very  short  time  after  the  plant  was  started,  although 
the  boilers  were  not  on  re^lar  load.  The  ordinary  remedial 
measures  produced  no  results  at  all.  Bearing  in  mind  that  the 
plant  was  put  in  service  to  haul  trains  in  the  fall  of  1911，  it  is 
significant  that  by  June,  1912,  the  feed  elements  of  the  boilers 
were  all  in  serious  condition.  With  a  total  of  3,360  tubes  in 
all  boilers,  252  tubes  were  requisitioned  for  replacement  during 
practically  the  first  eight  months  of  operation.  By  the  end  of 
July,  1912，  the  trouble  was  extending  to  the  second  row  of 
tubes,  and  250  more  tubes  were  requisitioned  to  take  care  of 
the  trouble.  In  September,  inspection  showed  tliat  the  drums 
were  being  attacked.  In  October,  boilers  Nos.  1  and  3，  after 
having  been  equipped  with  new  tubes  and  placed  in  service  in 
August,  and  worked  entirely  witli  water  treated  by  the  lime 
process,  were  found  to  be  pitted  worse  than  ever,  and  this  was 
after  the  first  serious  effort  to  treat  the  water  had  been  put 
into  effect.  In  November,  1912,  the  piping  was  modified 
according  to  a  plan  sent  by  the  manufacturers  of  the  boiler, 
but  in  December  of  that  year  the  inspection  showed  the  pitting 
to  be  very  severe,  and  in  January,  1913，  300  more  tubes  were 
requisitioned.  This  made  a  total  of  1,050  tubes  in  a  year  and 
a  half,  not  counting  about  90  which  were  put  in  by  the  manu- 
facturers. 

About  this  t  ime  began  the  use  of  a  com  pound  furnished  by 
one  of  the  best-known  campanies  in  the  business.  The  result 
was  apparently  to  transfer  some  of  the  trouble  from  the  tubes 
to  another  part  of  the  boiler  where  there  had  been  no  trouble 
before.  A  sediment  of  black  hit  id  formed  a  scale  which  caused 
blisters  and  tube  failures  at  those  points.  In  June,  inspection 
showed  bad  corrosion  and  pitting  in  all  parts  of  the  boiler, 
and  960  tubes  were  requisitioned.  By  October,  1913，  the  total 
work  orders  for  boiler  repairs  on  that  plant  amounted  to 
£3,200，  or  nearly  12  per  cent,  of  the  first  cost  of  the  boiler 
plant.      Three  different  special  formulre  for  coTnpoimd&  suIh 

*  Paper  presented  at  the  annual  ineetinM  of  the  American  Society  of  Mechanical 
EngineorH,  New  York,  December,  1915. 


milted  hy  the  saine  chemical  company  had  been  used,  l)ut  as 
things  were  going-  from  had  to  worse,  the  use  of  the  special 
cainjxnnicls  was  discontinued. 

In  the  fall  of  19】 3，  with  a  fine  steam  plant  in  a  very 
critical  condition,  1,160  tubes  out  of  3，360  had  been  replaced 
and  there  was  no  end  in  sight.  A  new  expert  was  called  in, 
who  began  by  suggesting  the  conventional  methods  of  zincs 
and  paints,  and  that  perhaps  electrolysis  was  to  blame, 
although  everything  had  been  kept  carefully  insulated.  The 
result  was  no  better  than  before.  Ahout  that  time  the  author 
was  handed  the  August,  1912,  number  of  the  Journal  of  the 
Arnerican  Society  of  Naval  Engineers,  which  gave  an  account, 
l>y  Frank  Lyon,  Lieutenant- Commander  U.S.  Navy,  of  what 
seemed  to  be  a  highly  significant  development  in  boiler  trouble 
treatment.  In  the  course  of  his  article,  Commander  Lyon 
said  :  The  writer  has  no  hesitancy  in  saying  that  any  boiler, 
using  any  water,  can  be  kept  from  corrosion  for  any  length  of 
time.  '  Having  been  brought  up  to  understand  that  whatever 
a  naval  officer  says  is  so,  without  qualification,  the  salvation  of 
the  Fruitvale  boiler  plant  appeared  to  be  within  reach. 

The  result  of  Commander  Lyon's  investigations  was  the 
development  of  the  Navy  Standard  Boiler  Compound.  Tliis 
compound  is  composed  of  sodium  carbonate,  trisodiuni  phos- 
phate, stai'ch,  and  tannic  acid.  The  sodium  carbonate  takes 
care  of  any  chemical  reactions  and  renders  the  solution  non- 
corrosive.  The  tannic  acid  and  starch  are  added  to'  prevent 
the  formation  of  scale,  the  action  being  to  hold  the  impurities 
in  suspension  in  a  colloidal  state'.  The  trisodium  phosphate 
prevents  the  rise  of  the  surface  tension  of  the  solution  and  con- 
sequent priming  caused  by  the  impurities  in  the  water,  and  by 
the  application  of  the  other  ingredients  in  the  compound.  In 
using  this  com  pound  to  prevent  corrosion  a  sufficient  quantity 
must  be  added  to  each  boiler  to  render  the  alkaline  strength  of 
the  water  in  the  boiler  3  per  cent,  of  normal  or  above,  and  the 
alkaline  strength  must  be  maintained  in  each  boiler.  The 
compound  may  be  purchased  from  the  Government  Contractor 
for  about  one-half  the  cost  of  the  ordinary  compounds. 

On  March  4th,  1914，  the  first  boiler  was  placed  under 
treatment  with  the  Navy  Standard  Compound.  By  March 
26th  it  was  in  use  in  all  of  the  boilers.  As  illustrating  the 
results,  the  record  of  tube  replacements  month  by  month  is 
most  significant.  In  1912，  690  tubes  were  replaced  ；  858  in 
1913.  In  January  and  February  of  1914  there  were  229  tubes 
replaced  in  the  two  months,  or  at  the  rate  of  1,374  a  year. 
The  treatment,  as  stated  above,  was  begun  on  March  4th,  and 
was  in  all  the  boilers  on  the  26th.  Thence  tJie  record  stands  : 
In  February,  171  tubes  replaced  ；  March,  24  ；  April,  15; 
May,  2  ；  and  from  May,  1914,  to  June,  1915  (date  of  writing), 
not  one  has  been  replaced  for  failures.  There  have  been 
13  tubes  replaced  since  Mav，  1914,  but  they  have  all  been 
replaced  because  they  had  to  he  taken  out  to  get  at  something 
else,  or  by  reason  of  obvious  defects. 

As  to  the  money  saved  by  the  introduction  of  this  method  ： 
In  1912  it  cost  in  labour  and  material  £1,160  ；  in  1913， 
£2,050  ；  ill  the  first  six  months  of  1914  it  was  £316  ；  and  since- 
then  the  expense  will  hardly  come  to  £20  a  month  for  every- 
thing considered,  that  is,  the  ordinary  wear  and  tear  of  the 
plant,  washing  of  boilers,  &c.  In  addition  to  this,  extra  labour 
in  the  plant  (made  necessary  by  the  failing  tubes),  to  the 
extent  of  £36  a  month,  has  been  discharged.  The  treatment 
as  practised  there  costs  about  £16  a  month,  depending  upon 
the  amount  of  compound  used .  There  is  no  scale  in  these 
boilers  ；  they  are  absolutely  clean.  Below  the  water  line  they 
show  clean  black  iron  ；  above,  a  thin  coating  like  whitewash. 

The  first  two  months'  operation  at  the  Fruitvale  power 
station  with  the  navy  compound  in  use'  showed  such  very  satis- 
factory results  that  the  management  ordered  a  trial  of  the 
method  on  probably  one  of  the  worst  locomotive  water  districts 
in  the  company's  service,  namely,  that  part  of  the  San 
Joaquin  Division  between  Bakersfield  and  Mojave,  known 
generally  as  the  Tehachapi  Pass.  Mr.  R.  S.  TWogood, 
assistant  engineer  in  the  office  of  the  consulting  electrical 
engineer,  was  detailed  on  this  work  and  for  nearly  a  year  h© 
has  oriven  practically  his  entire  time  to  this  demonstration. 
The  following  is  an  abstract  of  his  contribution  to  the  discus- 
sion at  the  December  (1914)  meeting  of  the'  San  Francisco 
section  of  the  society,  when  this  sul>je€t  came  up  for  a  general 
discussion. 

On  July  21st,  1915，  a  compound  test  was  started  on  freight 
Mallet  locomotive  No.  4,031,  operating  over  the  Tehachapi 
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Pass.  The  locomotive  was  just  out  of  shop.  It  had  a  new  set 
of  flues,  was  free  from  scale,  with  the  exception  of  a  thin 
deposit  on  the  crown  sheet  and  crown  and  stay  bolts  that  were 
not  removed  during  back  shopping.  Tlie  engine  was  left  in 
chain-gang  service.  At  first  an  effort  was  made  to  carry  the 
alkalinity  at  3  per  cent.,  but  so  far  the  best  results  have  been 
from  05  per  cent,  to  0*7  per  cent,  normal  alkalinity.  Several 
things  in  the  design  of  the  locomotive,  especially  the  Mallet, 
contribute  to  this  result  :  for  example,  a  very  small  steam 
space  and  steam  dome  ；  no  perforated  dry  pipe  to  collect  steam 
from  all  parts  of  the  boiler  ；  constant  surging  of  the  water  due 
to  the  motion  of  the  locomotive  ；  sudden  opening  of  the 
throttle  and  consequent  great  demand  for  steam,  which  reduces 
the  pressure  on  the  surface  of  the  water  under  the  throttle  and 
causes  it  to  rise  and  pass  over  into  the  steam  pipes.  Also,  the 
water  used  for  locomotive  purposes  in  this  district  contains  a 
large  amount  of  solid  matter  which  would  tend  to  cause 
priming. 

On©  point  constantly  in  mind  was  to  find  some  treatment 
in  which  one  man  could  be  made  responsible,  without  having 
to  depend  on  the  engineers  and  firemen.  This  means  that  the 
boiler  must  be  treated  at  engine  turning  points.  At  first  the 
chemicals  (enough  for  the  entire  trip)  were  put  into  the  tender 
tank,  thence  to  pass  with  the  feed  water  through  the  injector, 
feed-water  heater,  and  into  the  boiler.  By  this  method  the 
desired  percentage  of  normal  alkalinity  in  the  boiler  was  not 
reached  until  one  tank  of  water  (10,000  galls.)  had  been  used. 
Also,  considering  the  fact  that  the  tank  capacity  is  much 
greater  than  the  boiler  capacity,  the  tank  alkalinity  was  very 
low.  This  low  alkalinity,  though  strong  enough  to  bring  out 
some  solid  matter,  did  not  furnish  sufficient  tannic  acid  and 
starch  with  the  standard  proportion  of  chemicals  to  prevent 
this  solid  matter  from  forming  scale.  In  the  injector,  where 
the  cold  water  came  in  contact  with  the  steam,  and  later  where 
the  warm  feed  water  came  in  contact  with  the  hat  boiler  water, 
some  scale  was  formed.  After  tliis  was  noticed  no  more  com- 
pound was  added  to  the  tank,  but  was  pumped,  in  a  concen- 
trated solution,  through  the  injector.  This  gave  at  once  the 
desired  percentage  of  normal  alkalinity  in  the  boiler.  There 
has  been  no  further  trouble  with  scale. 

The  water  from  Bakersfield  to  Mojave  averages  about  31bs. 
of  scale-forming  matter  per  thousand  gallons.  A  Mallet  loco- 
motive in  a  helper  trip  from  Bakersfield  to  the  Summit  and 
return  will  use  from  30,000  galls,  to  35,000  galls,  of  water, 
which  means  about  lOOlbs.  of  scale  per  helper  trip.  With  the 
present  method  of  treatinsr,  201bs.  of  compound  are  pumped 
into  the  boiler  before  leaving  Bakersfield  yards.  Tliis  gives  an 
alkalinity  of  about  0'6  per  cent.,  and  as  this  percentage 
remains  approximately  constant  between  engine  turning 
points,  it  is  possible  to  treat  the  boiler  for  an  entire  trip  before 
it  leaves  the  round-house. 

If  too  little  compound  is  used  the  precipitate  is  fine  and 
does  not  settle  readily  ；  but  when  the  amount  is  sufficient  the 
precipitate  is  lar^e  and  flakv  and  settles  very  rapidly.  This 
makes  it  easy  to  clear  the  boiler  of  some  of  the  solid  matter  by 
blowing  down  after  the  engine  has  been  standing"  on  the  siding 
a  few  minutes  awaiting  passing  trains.  Present  practice  is  to 
wash  the  boiler  every  second  trip.  A  large  percentage  of  the 
solid  matter  runs  out  with  the  water  while  draininec  the  boiler 
and  the  rest  is  easily  washed  out.  The  solid  matter  has  no 
tendencv  to  cake,  but  will  remain  indefinitelv  in  the  form  of  a 
soft  brown  mud.  It  must  be  borne  in  mind  that  the  frequency 
of  washing  is  a  function  of  the  amount-  of  solid  inatter  in  the 
watpr  and  the  amount  of  water  used . 

Prevention  of  corrosion  and  scale  formation  was  the  main 
endeavour,  and  vet  another  result  was  obtained,  just  as  im- 
portant. Absolutely  no  boiler  troubles  were  encountered 
during  the  first  four  months  of  the  test,  and  then  the  record 
was  broken  only  by  a  minor  leak,  a  record  that  gives  some  idea 
of  the  import 9 nee  of  keeping  the  boiler  free  from  scale  and 
tlnis  prevent  the  hi^h  and  uneven  temperatures  in  the  steel 
which  cause  the  opening  up  of  joints. 

Tt  is  standard  practice  to  carry  from  l，0001bs.  to  l,5001bs. 
of  sand  on  a  Mallet  locomotive  to  cut  the  soot  from  tlie  inside 
of  the  flues.  Why  is  it  not  lUst  as  important,  for  good  steam- 
ing, to  use  some  method  to  keep  the  outside  of  the  flues  free 
from  scale  ？ 

The  ingredients  of  the  navy  compound  originally  were  pro- 
portioned for  use  in  station arv  and  marine  hoilers,  and  at  an 
alkaline  strength  of  3  per  cent,  normal.    The  10  per  cent,  of 


trisodium  phosphate  was  added  to  prevent  light  water.  The 
locomotive  type  of  boiler,  in  general,  shows  a  greater  tendency 
to  foam  than  other  types  of  boilers  and  should,  therefore,  have 
a  stronger  non-foaming  reagent.  In  cutting  down  the 
alkalinity  from  3  per  cent,  of  normal  to  less  than  1  per  cent., 
the  amount  of  trisodium  phosphate  has  been  greatly  decreased 
with  good  results.  The  amount  required  seems  to  vary  so 
much  with  different  runs  and  conditions  that  as  yet  no'  decision 
can  be  made  as  to  a  definite  amount  for  general  use. 

A  new  water  was  obtained  at  Bakerbfield  in  January  that 
is  a  great  deal  better  than  the  old,  as  far  as  content  of  incrus- 
tating  matter  is  concerned,  but  it  is  very  light.  Foaming  and 
priming  became  so  bad  in  one  of  the  passenger  locomotives 
that  the  water  in  the  glass  rose  as  much  as  Sin.  when  the 
throttle  was  open.  No  compound  of  any  kind  had  been  used 
in  this  boiler.  Six  pounds  of  trisodium  phosphate  (no  com- 
pound) was  then  put  in  the  boiler  through  the  injector  just 
before  the  engine  left  the  roundhouse  for  each  trip.  There  has 
been  no  foaming  on  this  locomotive  since. 

During  the  early  part  of  the  test  on  Mallet  No.  4,031  &ome 
light  water  and  foaming  were  experienced.  It  was  feared  at 
that  time  that  water,  passing  over,  would  loosen  superheater 
units  and  high-pressure  steam  piping,  and  would  cut  cylinder 
bushings  and  packing,  but  these  fears  proved  to'  be  un- 
grounded .  The  engine  has  made  more  miles  between  shop- 
pings for  boiler  repairs  than  any  other  Mallet  operating  out 
of  Bakersfield. 

On  this  division,  where  tlie  water  is  poor，  practically  all 
of  the  locomotives  are  back-shopped  on  account  of  the  boiler 
and  not  the  machinery.  The  present  indications  are  that  the 
use  of  this  compound  will  make  the  life  of  the  boiler  longer 
than  that  of  the  machinery.  During  the  last  month  the  use 
of  this  compound  has  been  extended  to  all  freight  Mallets 
(seven)  operating  out  of  Bakersfield.  Some  of  these  had  been 
in  service  for  several  months  and  large  quantities  of  scale  had 
formed.  The  cutting  of  this  scale  made  very  dirty  boilers, 
causing  frequent  blowing  and  boiler  washing.  After  two  or 
three  weeks,  scale  from  ^in.  to  ^in.  thick  calne  off  in  large 
quantities,  which  proves  that  the  compound  will  cut  the  old 
scale,  but  this  action  causes  such  dirty  boilers  that  such  pro- 
cedure cannot  he  recommended.  By  the  practice  outlined 
above,  a  clean  boiler  can  be  kept  clean  and  operated  with 
success,  using  water  classed  by  boiler  people  as  very  poor. 

The  results  in  the  Fruitvale  power  station  boilers  caused 
prompt  steps  to  be  taken  to  extend  tlie  use  of  the  compound 
to  other  stations  either  operated  or  controlled  by  the  Southern 
Pacific  Company.  The  Associated  Pipe  Line  Company 
operates  an  oil  pipe  line  from  the  oil  fields  in  the  southern  end 
of  the  San  Joaquin  Valley  to  tidewater  near  San  Francisco. 
On  this  pipe  line  are  30  steam  pumping  stations  equipped, 
some  with  three  and  some  with  four  250  h.p.  water- tube  boilers. 
The  feed  water  is  of  practically  every  known  s^rade  from  ^ood 
to  very  poor,  and  nearly  every  known  type  of  boiler  compound 
has  been  used  from  time,  to  time  in  the  worst  of  these  stations. 
Mr.  E.  B.  Partridge,  junr.,  superintendent  of  the  pumping 
plants  in  the  fields,  came  to  Fruitvale  power  station  for  a  studv 
of  the  method.  He  began  his  investigation  in  the  most 
sceptical  frame  of  mind  and  he  introduced  the  com  pound  first 
into  a  station  where,  as  lie  said,  it  could  do  the  least  harm. 
Eight  months  later,  at  the  Dewniber  meetinsf  of  the  S^n 
Francisco  section  of  the  society,  where;  the  subject  was  dis- 
cussed, lie  crave  an  account  of  his  experienoe  which  is  here 
briefly  summarised  :  In  the  30  different  Dunipiner  stations 
there  were  30  different  kinds  of  water,  with  a  solid  content 
running  from  6  er.  to  230  gr.  per  gallon.  In  the  first  station, 
a  three  months'  trial  of  the'  compound  showed  that  a  turbine 
tube  cleaner  was  no  longer  necessary,  because  the  boiler  was 
readily  washed  out  and  cleaning  would  not  be  required  oftener 
than  every  three  months. 

These  results  were  confirmed  at  the  next  station  where:  the 
compound  was  tried.  It  was  then  introduced  in  a  station 
which  most  of  the  feed-water  experts  in  the  State  had  turned 
down  as  impossible.  The'  water  carries  230  orrains  to  the 
gallon.  In  these  hoilers;  2^in.  extra-heavy  boiler  blow-off 
nipples  coTroded  away  In  from  three  to  four  months  and  Sin. 
extra  heavy  feed-water  lines  pitted  through  in  the  same  leno:th 
of  time.  Nearly  every  known  variety  of  boiler  trouble  had 
been  experienced  at  this  plant,  hut-  the  navy  compound 
eliminated  corrosion  and  precinitated  the  solids  in  a  soft  slushy 
form  easily  washed  out.     Owing  to  the  unusually  large  quan- 
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tity  of  solid  ！ natter  in  the  water,  however,  it  was  necessary 
to  blow  the  boilers  every  lunir  aiul  to  clean  every  be"  clays. 

At  anotluM'  statu 川 where  rom)si<m  very  siiiiiljir  to  that  in 
the  Fruit val^  hoilors  had  been  experieiuHnl  from  t he  start  ； uul 
all  kiiuivS  of  conipomuls  had  faile<l  to  relieve  the  trout)Ie,  1  ho 
navy  c'ompouiRl  was  iiitrodured.  Up  to  that  time  they  had 
used  No.  9  i^uuge  seamless  tubes  in  tlie  boitoiii  boikr  rows, 
and  No\  10  gaui^e  special  spellerised  tubes  in  the  upper  rows, 
but  no  lie  o(  them  lasted  more  than  three  months.  Feed  lines, 
blow -o If  pipe  li'uevs,  boiler  dnuns  and  headers,  together  with 
the  tubes,  were  all  alYected  by  corrosion  ;  Imt  the  navy  com- 
pound straighttM^ed  out  all  their  trouble  in  this  station  pre- 
cisely as  in  all  the  others.  In  order  to  have  further  verifica- 
tion, pieces  of  new  tubes  were'  hung  in  these  boilers  and  after 
three  months  they  showed  not  the  slightest,  signs  of  corrosion. 

lu  geu-eral,  Mr.  Partridge  found  that  when  he-  coniinenced 
to  use  the  compound  there  were  a  great  number  of  tubes  which 
had  been  badly  pitted  and  that  these  failed  gradually,  hut 
they  held  up  su rj>risi ngly  well,  considering  their  condition. 
Ouiy  a  very  few  of  these  old  tubes  have  been  lost  and  none 
that  were  put  in  just  prior  ta  the  introduction  of  the  navy 
compound  treatment.  He  found  that  to  get'  results  it  is 
necessary  to  work  intelligently  and  not  at  all  in  the  old 
haphazard  fashion.  He  detailed  an  inspector  on  the  work  who' 
travels  from  station  to  station,  uot  only  to  see  that  the  com- 
pound is  being  properly  used  and  in  sufficient  quantity,  but 
also  to  instruct  engineers  and  to  quiz  them  as  to  the  results 
they  obtain. 

At  every  pumping  plant  a  printed  form  is  filled  out  and 
mailed  to  the  general  office  every  morning.  From  these  Mr. 
Pajtpidge  keeps  a  close  supervision  over  all  of  the  plants. 
The  reports  show  how  much  com  pound  is  used  ；  what  per- 
centage of  alkalinity  is  carried  ；  how  often  the  boilers  are 
blown,  that  is,  a  bottom  or  a  surface  blow  ；  when  any  particu- 
lar boiler  is  cut  in  or  cut  out,  and  why  ；  and  the  condition  of 
the  boiler  when  it  is  opened  for  cleaning.  The'  importance  of 
th^se  results  is  best  understood  by  engineers  who  know  the 
operating  conditions  of  an  oil  pipe  line,  where  all  the  pumping 
plants  are  in  series  from  one  end  of  the  line  to  the*  other,  and 
a  delay  or  a  stoppage'  at  any  one'  station  affects  the  output  of 
the  entire  line,  and  consequently  the  earning  capacity  of  the 
whole  property. 

The  use  of  the  navy  standard  boiler  compound  was  dis- 
cussed in  a  preliminary  way  at  a  meeting  of  the  San  Francisco 
Section,  after  which  it  was  sug^sted  to  the  author  that  it 
would  be  well  to  go  slow  in  using  navy  compound,  for  the 
reason  that  some  vesse'ls  had  experienced  such  serious  damage 
to  their  boilers  from  it  as  to  cast  discredit  upon  this  method 
of  boikr  treatment.  The  substance  of  the  statement  was  that 
for  some  years  evidence  has  accumulated  to  show  that  under 
certain  circumstances  th©  use  of  sodium  carbonate  or  sodium 
hydrat&  in  boilers  makes  the  steel  brittle  and  causes  failure  of 
th©  joints  by  cracks  ；  that  at  present  it  is  imp<x''sil)Ie  to  state 
how  or  why  the  action  occurs,  but  it  is  possible  to  name  the  cir- 
cumstances under  which  it  is  likely  to  occur,  the  characteristics 
of  the  cracking  when  it  does  occur,  and  the'  principal  cases  that 
have  come  under  direct  notice. 

Briefly,  the  theory  advanced  to'  the  author  as  to  the  trouble 
is  as  follows  ;  That  sodium  carbonate  is  always  partiallv  con- 
verted into  sodium  hydrate  when  in  solution  under  boiler 
temperature,  so  that  it  makes  no  difference  whether  the 
carbonate  is  used  in  the  beginning,  or  caustic  soda,  or  both,  as 
sodium  hydrate  will  always  be  present  sooner  or  later.  When 
either  of  these  substances  is  used  far  the  treatment  of  scale,  no 
trouble-  from  the  cracking  of  the  steel  is  likely  to  occur,  because 
they  react  with  the  scale  and  there  is  little  or  no  excess 
hydrate.  Where  cracking  has  occurred  it  has  always  been 
true  that  free  hydrate  has  been  present  in  the  boilers  in  the 
absence  of  sulphate :  so  that  the'  statement  is  warranted  thai 
whenever  sodium  carbonate'  or  sodium  hydrate  is  introduced 
into  a  boiler  in  the  absence  of  substances  reacting  with  them, 
brittleness  will  result  sooner  or  later.  Cases  have  been  known 
in  which  the  brittleness  approaches  that  of  neat  cement  of  the 
same  thickness  as  the  plate.  It  occurs  only  in  the  seam  of  the 
boiler,  either  due  to  the  fact  that  the  joints  are  at  liio-her 
stresses  here  than  in  the  rest  of  the  plate,  or  that  the'  joints 
are  the  only  place  in  which  this  solution  can  concentrate,  and 
it  is  known  that  unconcentrated  solution  does  not  attack  steel 
at  all.  The  cracks  that  result  are  distinguished  from  ordinary 
forms  of  cracking  by  the  following  characteristics  : ― 

They  are  more  fully  developed  at  the  surfaces  of  the  contact 


of  the  joints  than  they  are  at  other  surfaces,  so  that  a  crack  at 
a  rivot  hole  will  often  measure  ',Mn.  on  llie  coiita i  surface  of 
a  .Uii.  plate  wit  hout  rtliowiii*^  at  all  oti  the  other  surface  ；  in 
other  words,  the  surface  of  the  crack  itself  is  usually  trian- 
i^ular,  wit  h  t  he  base  of  the  triangle  on  the  contact  surface. 
They  usually  originate  at  the  rivet  holes  and  show  scarcely 
any  temJ("i('y  to  follow  the  lines  of  stress.  】{<umiiiig  i'rom 
adjareiii  rivet,  holes,  two  (，i'a(-'ks  will  often  pass  each  other  and, 
after  passing,  join,  leaving  an  island  in  the  plat^  ；  that  is,  the 
cracks  show  no  strong  tendency  to  join  each  other.  They 
change  their  direction  sharply  and  often,  to  an  extent  of  90。 ； 
they  are  always  unaccompanied  by  any  elongation  of  the 
plate  ；  and  finally,  they  are  always,  of  course,  below  the  water 
line. 

The  statement  made-  to  the  author  gave  also  a  mimln'r  of 
cases  of  such  defective  plates.  Among  others  werei  named  t  he 
boilers  of  the  U.S.  torpedo  boat  destroyer  "  Aylwiii,"  wherein 
occurred  a  fracture  of  one  drum,  and  cracking  of  one  or  more 
drums  of  three  boilers  out  of  four  ；  also  the  U.S.  coast  guard 
cutter  "  Unalga/'  where  a  cracking  of  one  drum  out  of  two 
in  a  period  of  operation  of  about  14  months  was  noted.  The 
statement  concluded  by  a  note  to  the  effect  thai  in  the  case  of 
the  coast  o^uai'd  service,  an  order  had  been  issued  discontinuing 
the  use  of  the  navy  compound. 

Because  the  treatment,  at  least  in  this  form,  origrinated  iii 
the  Navy  Department,  because-  the  "  Aylwin's  ，，  boilers  were 
cited  among  others  as  having  failed  from  this  cause,  and 
because  the  navy  boilers  are  operated  in  general  with  water 
that  is  practically  free  from  sulphates,  the  statements  with 
reference  to  navy  experience  were  investigated  as  fully  as 
possible,  and  the  following  facts  were  developed  : —— 

The  use  of  navy  compound  has  not  been  discontinued  in 
the  navy,  but  the  compound  is  used  ordinarily  only  in  sufficient 
quantity  to  maintain  the  water  in  the  boiler  at  a  low  alkaline 
strength,  and  not  above  ^  of  1  per  cent,  normal,  the  point  at 
which  corrosion  changes  in  character  from  ereneral  corrosion  to 
local  corrosion  or  pitting.  In  a  steaming  boiler  no  difficulty 
is  experienced  in  maintaining-  the  alkaline  strength  of  the 
water  at  or  above  3  per  cent,  normal  ；  but  naval  boilers  are 
idle  during  a  large  part  of  the'  time,  and  owing  to  the  fact  that 
the  compound  does  not  remain  in  solution  in  idle  boilers,  but 
settles  to'  the  bottom,  the  alkaline  strength  of  the  water  in  the 
upper  part  of  the  boiler  frequently  falls  between  the  limits 
of  1  per  cent,  and  2*5  per  cent,  of  normal.  As  is  well  known, 
the  effect  of  this  alkaline  strength  is  to  promote  corrosion  in 
its  most  dangerous  form —— local  corrosion  or  pitting. 

The  early  experiments  with  the  boiler  com  pound  deter- 
mined the  facts  that  good  steel  will  corrode  almost  evenly  over 
its  entire  wetted  surface'  when  placed  in  distilled  water,  and 
that  as  boiler  compound  is  added  to  give  the  water  a  low 
alkaline  strength,  the  rate  of  corrosion  is  somewhat  decreased, 
but  the  character  of  the  corrosion  remains  the  same.  There- 
fore, low  alkalinity  inhibits  all  but  a  light  general  corrosion, 
which  is  so  small  in  amount  that  its  effect'  may  be  disregarded 
for  practical  purposes.  Further,  since  the  navy  uses  distilled 
water  to'  a  large  extent,  only  small  quantities  of  scale-forming 
substances  are  ever  present  in  the  boilers,  and  hence  large 
amounts  of  boiler  compound  are  not  required  to  prevent  the 
formation  of  scale. 

In  the  case  of  the  "  Aylwin's  '，  boilers  the  Naval  Engineer - 
ing  Experiment  Station  conducted  an  extensive  investic^ation 
of  the  rupture  of  the  drum,  and  authority  was  granted  for  a 
representative  of  the  manufacturer  to  be  present  during  the 
tests.  The  conclusions  of  this  investigation  were  that  no 
experimental  or  other  evidence  indicated  tliat  the  failure  of 
the  "  Avlwin's  "  boiler  was  due  to  the  use  of  boiler  conipouiKl 
containing  sodium  carbonate  or  sodium  hydrate.  Tt  is  need- 
less to  sav  that  any  condition  of  design  or  constriiction  that 
causes  leakv  seams  which  can  be  made  tiglit  only  by  excessive 
caulking  might  possibly  produce  brittleness  in  the  metal  of  the 
plate.  The  White- Forster  boiler  installed  in  the  "  Aylwin  ，， 
class  has  D -shaped  water  drums,  similar  to  the  Yarrow  type. 

With  reference  to  the  "  Unalga  "  as  another  vessel  having 
had  trouble  of  a  similar  nature,  not  enough  is  known  at  the 
present  time  upon  which  to  venture  a  statement  as  to  the  cause 
of  failure.  It  is  known,  however,  that  the  cracks  in  the  steam 
d rum  plates  of  these  boilers  are  similar  to  those  observed  in 
the  "  Aylwin's  "  lower  drum  plates  ；  that  the'  manufacturer  of 
the  boiler  has  conducted  tests  of  the  material,  and  that  at  the 
suggestion  of  the  company  the  Naval  Engineering  Experiment 
Station  will  soon  begin   an   independent  examination  and 
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investigation  of  the  material  with  a  view  to  determining  the 
cause  of  the  peculiar  conditions  existing.  It  has  also  been 
learned  that  boiler  compound  in  considerable  quantity  was 
used  in  this  boiler,  and  that  another  vessel  with  a  duplicate 
boiler,  but  in  which  only  small  quantities  of  the  compound 
were  used,  has  not  had  trouble. 

APPENDIX. 

Synopsis  of  Investigations  by  Frank  Byon,  Lieutenant- 
commander  U.S.  Navy.* 

From  July,  1896，  to  August,  1899，  Commander  L'you  ^vas 
assii^tanl  engineer,  U.S.S.  "  Oregon,"  and  for  the  greater  part 
of  the  time  was  iu  direct  charge  of  her  boilers.  The  feed  water 
was  kept  in  practically  an  open  tank  and  was  kept  so  strongly 
alkaline  as  to  render  it  unfit  for  ordinary  purposes.  In  tJiis 
vessel  corrosion  of  boilers  was  almost  unknown. 

From  Mav，  1906,  to  May,  1909，  Mr.  Lyon  was  senior 
engineer  officer  of  the  U.S.S.  New  Jersey."  Troubles  from 
corrosion  were  experienced  throughout  the  three  years.  The 
corrosion  was  most  noticeable  in  the  piping  in  which  the  water 
was  heated  more  or  less  between  its  entrance  to  and  exit  from 
the  system. 

The  "  Oregon  ,'  had  fire  tubular  boilers,  and  the  "  New 
Jersey  ，'  Babcock  and  Wilcox  boilers.  The  water  in  the  latter 
was  kept  slightly  alkaline,  but  owing  to  fear  of  priming  in 
these  small  drum  boilers,  it  was  never  kept  as  alkaline  as  that 
in  the  "  Oregon's"  boilers.  It  was  felt  that  every  effort  to 
prevent  corrosion  and  to  keep  the  boilers  clean  had  been  made, 
yet  destructive  local  corrosion  was  going  on  and  increasing  in 
effect  in  spite  of  the  zincs,  non-acidity  of  the  water,  cleaning 
and  other  efforts  to  stop  it.  The  navy  regulations  had  been 
followed,  and  experiments  made,  yet  Mr.  Lyou  had  failed  in 
every  particular  to  stop  corrosion  of  metals  having  their  sur- 
faces in  contact  with  water,  and  he  was  detached  from  that 
duty  and  left,  knowing  that  there  was  something  woefully 
wrong  in  the  methods  he  had  pursued  and  with  the  general 
methods  of  treating  corrosion  on  shipboard. 

With  this  excellent  grounding  in  a  knowledge  of  the  effects 
of  corrosion,  he  began  at  the  Naval  Engineering  Experiment 
Station  an  experimental  investigation  of  the  problem  of  pre- 
venting corrosion.  Tests  were  made  in  distilled,  sea,  and 
brackish  waters,  in  diluted  sea  and  brackish  waters  with  jars 
open  and  closed  ；  in  steel  pots,  glass  jars,  and  in  a  boiler. 
Very  soon  after  starting  this  investigation  it  was  seen  that  in 
the  untreated  distilled  or  in  fresh  waters  the  specimens  of  steel 
corroded  all  over  ；  that  as  the  concentrations 十 increased,  the 
rate  of  corrosion  at  first  decreased  slightly  and  then  began  to 
increase.  In  the  concentration  where  the  rate  showed  an 
increase  there  were  always  evidences  of  local  corrosion  or 
pitting,  and  as  the  concentrations  increased  the  rate  of  loss 
increased  to  a  ma^dmum,  then  fell  rapidly  to  zero  and  remained 
there,  the  areas  of  local  corrosion  becoming  smaller  and  mare 
pronounced  until  they  disappeared  altogether  in  the  concen- 
tration in  which  the  loss  was  zero. 

The  concentration  whose  strength  is  just  below  the  one  in 
which  local  corrosion  or  pitting  first  appears,  he  called  the 
lower-limit  concentration  ；  the  one  in  which  the  rate  of  corro- 
sion is  a  maxim  urn,  t  he  critical  ；  and  the  one  just  above  the 
one  in  which  the  last  si^ns  of  corrosion  appear  the  upper-limit 
one  for  the  metal  tested. 

In  general  the  fundaiiieiital  fact  was  established  that  if  the 
solution  is  ke})t  sufficiently  concentrated  with  sodium  car- 
bonate, corrosion  is  inhibited.  That  is  the  sum  and  substance 
of  it.  Also,  that  the  order  of  magnitude  in  which  corrosion 
occurs  in  distilled-water  solutions  in  the  normal  concentration 
of  sodium  nitrate,  chloride,  and  sulphate  was  in  about  the 
order  of  the  strength  of  the  acid  radicals.  The  upper  and 
lower  limit  concentrations  in  those  solutions  in  which  they  are 
found,  varv  with  the  "letals  iininersed,  and  with  the  conditions 
of  the  surface  of  the  metal  in  contact  with  the  solution,  both 
with  regard  to  impurities  in  it  and  to  the  physical  treatment 
it  has  received. 

The  last  two  points  are  very  important,  to  rernernlier  as 
accounting  for  local  corrosions  ；  and  also  this  vital  point  :  That 
the  rate  of  loss  in  the  critical  concentration  is  greater  than 

•  The  Journal  of  the  American  Society  of  Naval  Rneineers  Ansiust,  1912.  Navy 
Department.  Wash  in  t;  ton.  T>.C.  Manv  of  the  i>arB.t,'raphs  above  which  refer  to  Mr. 
Lyon'H  work  are  abstracted  liberally  from  his  article. 

十 In  this  disftUKKion,  Mie  concontrations  rnentiontid  are  the  alkaline  salts  in  the 
water  ax^reHHcd  in  iH'rcentaupH  of  "  normal  solution."  E(nial  volumes  of  norma! 
HolutionH  will  iiiHt  Kiitinfy  a  cluMni (； al  reaction  (:otni)letely  without  any  surplus  of 
reagents  reniainin(i  on  either  side  of  the  equation, 


that  in  the  untreated  water.  In  other  words,  it  is  better  not 
to  treat  the  water  at  all  than  to  treat  it  near  the  critical 
values,  and  this  can  be  done  very  readily  by  pouring  compound 
into  a  boiler  without  paying  attention  to  what  the  concentra- 
tion is  in  the  boiler,  a  fact  that  demonstrates  the  necessity  for 
the  individual  testing  of  the  water  in  the  individual  boiler 
under  steaming  conditions. 

The  limit  and  critical  concentrations  of  the  following  solu- 
tions for  one  grade  of  steel  were  determined  very  carefully. 
Expressed  in  percentages  of  normal  strength  in  distilled  water, 
they  are  : ― 

Solution  Upper  limit    Critical    Lower  limit 

Sodium  carbonate  (calcined)     2*6  0*8  0*16 

Caustic  soda  2*6  0'8  0-16 

Lime  2*6  06  0'15 

These  are  the  three  salts  used  extensively  in  boiler  treatment. 
They  have  practically  the  same  characteristics  as  regards  solu- 
tion pressure,  which  is  the  measure  of  the  tendency  to  corro- 
sion. 

Further  work  along  these  lines  with  open  jars  showed  that 
the  concentration  of  lime  solutions  weakened  very  rapidly, 
while  those  in  caustic  soda,  sodium  carbonate,  disodium  phos- 
phate, and  the  ohromates  maintained  or  increased  their  con- 
centration as  the  water  evaporated.  Solutions  of  lime  water 
exposed  to  the  air  may  be  non-corrosive  to  steel  one  day  and 
corrosive  the  next,  due  to  the  absorption  of  carbonic  acid  from 
the  air,  while  if  the  upper-limit  concentration  of  sodium 
carbonate  is  made,  steel  thrown  in  it  will  not  corrode  until  the 
concentration  is  brought  below  the  upper  limit  by  some 
external  means.  The  English  of  that  is,  use  sodium  carbonate 
if  possible  ；  do  not  use  lime  unless  forced  to,  and  when  Hrae  is 
used  be  careful  not  to  work  near  the  critical  value. 

Commander  Lyon  found  that  steel  connected  to  copper  by 
a  good  metallic  conductor  does  not  corrode  in  an  upper-limit 
concentration  of  sodium  carbonate,  lime,  caustic  soda,  or 
disodium  phosphate.  In  similar  concentrations  air,  oxygen, 
carbonic  acid  gas,  graphite,  zinc  oxide,  mill  scale,  and  other 
supposed  exciters  of  corrosion  have  no  effect  upon  steel  or  iron 
until  the  concentration  is  reduced  be】o\v  the  upper  limit  for 
that  st-ee] -  Steel  was  suspended  in  a  glass  basin  in,  and  above, 
the  limit  concentration  of  sodium  carbonate,  and  pure  oxygen 
was  blown  under  it  in  such  a  way  that  60  bubbles  a  minute 
impinged  on  the  steel  and  passed  up  along  its  sides  ；  this  con- 
tinued for  eight  days,  and  no  signs  of  corrosion  were  evident, 
and  there  were  no  losses  of  weight.  This  was  continued  for 
15  days  longer,  using  air  instead  of  oxygen,  with  the  same 
result. 

Zinc,  being  of  higher  potential  than  iron,  will  corrode  in  an 
upper-limit  concentration  for  iron  or  steel -  It  was  found  that 
the  upper-limit  concentrations  for  all  irons  and  steels  was 
about  2*6  per  cent,  normal  alkaline  strenerth  of  sodium  car- 
bonate and  of  caustic  soda  solutions,  in  distilled  and  in  sea 
water.  The  highest  concentration  of  any  of  these  chemicals  in 
which  corrosion  was  found  is  2'5  per  cent,  of  normal. 

With  pure  feed  water,  sodium  carbonate,  and  trisodium 
phosphate,  properly  proportioned,  will  stop  corrosion  and 
primin.cr  if  enough  of  the  mixture  is  used.  If  impure  water  is 
used,  then  sodium  carbonate,  trisodium  phosphate,  and  cutch 
(containing  tannic  acid),  when  used  in  the  right'  amounts,  will 
stop  corrosion,  prevent  priming,  and  also  prevent  scale  from 
forminer  unless  the  saturation  of  sludge  gets  too  high.  Such  a 
mixture  is  the  navy  standard  boiler  compound  ；  and  if  by  the 
use  of  this  compound  the  water  in  the  boiler  is  always  kept  at 
a  concentration  of  or  above  3  per  cent,  normal  alkaline 
strenoftli,  no  corrosion  will  take  place,  no  scale  will  form,  and 
the  water  will  be  no  more  likely  to  prime  than  it  would  be  if 
it  were  untreated. 

The  ingredients  of  the  navy  coin]>oiuid  are  intimately 
united  by  thorough  digestion,  dried,  finely  powdered,  and  well 
mixed.  They  are  readily  soluble  in  water.  The  compound 
must  show  on  analysis  at  least  76  per  cent,  of  anhydrous 
sodium  oarl)onate  (NaX'O.j),  10  per  cent,  of  trisodium  phos- 
phate (Na.,P0^.12H.,0),  1  per  cent,  of  dextrine  or  starch,  and 
sufficient  cutch  to  yield  at  least  2  per  cent,  of  tannic  acid,  the 
remainder  to  consist  of  water  and  only  such  impurities  as  are 
common  to  the  ingredients. 

These  investigations  demonstrated  why  the  boilers  of  the 
"Oregon"  showed  no  signs  of  corrosion  in  three  years,  and 
why  those  of  the  "  New  Jersey  were  considerably  corroded  in 
the  same  time.    In  the  one  the  corrosion  had  been  prevented 
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by  keeping  t  ho  water  striot'ly  alkalino  ；  in  tho  other  it  li;ul 
been  itiat-erially  aided  by  an  insu(K(Menl  degree  of  alkalinity. 
Mr.  Lyon's  coucliisions  are  tersely  expressed  as  follows  ：  "  The 
writer  has  no  hesitancy  in  saying  that  any  boiler  using  any 
water  can  be  kept  free  froiii  corroding'  for  any  length  of  time' 
if  treated  with  soda,  and  if  its  coiu^entration  is  maintained  at 
m'  above  3  per  cent,  normal  alkaline  strength.  If  the  water 
is  not  to  be  kept  sufficiently  alkaline,  it  had  better  be  kept 
neutral/' ― A  statement,  that  is  absolutely  borne  out  by  th© 
results  of  his  treatnieut  as  applied  at  the  Fniitvale  power 
plant  according  k)  his  ^iiethod. 


PERMANENT  GRAPHITE  MOULDS  FOR  METALS  AND  ALLOYS. 

A  PATENT  has  recently  been  granted  to'  Mr.  Charles,  Vickers, 
Niagara  Falls,  N.Y.,  on  a  permanent  mould  made  of  graphite 
for  making  non-ferrous  metal  castings,  which,  he  has.  assigned 
to  the  Titanium  Alloy  Manufacturing  Company,  of  Niagara 
Falls,  N.Y.,  with  which  he  is  affiliated.  The'  mould  is  made 
of  graphitised  carbon  used  preferably  in  tlie  form  known  as 
artificial  graphite.  This  is  exceedingly  refractory  and  is 
resistant  to  high  temperatures,  and,  therefore,  the  mould  can 
be  used  repeatedly  for  making  castings.  This  substance  is  one 
of  tlie  most  rapid  heat  conductors  known,  and  consequently 
has  a  rapid  chilling  effect  on  the  metal,  preventing  liquation 
attributable  to  slow  cooling  of  the  metal  in  thei  mould. 

It  is  well  known  that  the!  production  of  castings  from  alloy 
comprising  two  metals,  the  one  of  which  is  of  a  high  and  the 
other  of  a  relatively  low  melting  point,  a  separation  through- 
out the  casting  into  alloys  of  different  composition  takes  place. 
Such  allays  liaving  the  highest  fusing  point  solidify  first  and 
the  entire  mass  becomes  only  gradually  solid  by  further  cool- 
ing. Therefore,  when  freezing  or  solidification  commences,  an 
alloy  rich,  in  the  metal  of  the  higher  melting  point  and  poor  in 
the  metal  of  the  lower  melting  point  will  first  separate  as  a 
solid,  and  this  is  followed  by  the  solidification  of  various'  other 
alloys  containing  progressively  less  of  the  former  metal  and 
more  of  the  latter,  the  last  alloy  to  separate  and  to  solidify 
being  proportionately  very  rich  in  the  metal  of  the  lower 
melting  point  and  correspondingly  poor  in  the  other.  The 
resulting  casting  thus  lacks  homogeneity  and  consequently  is 
weaker  in  spots  than  it  should  be.  The  graphite  mould,  it'  is 
claimed,  overcomes  this  liquation  and  causes  the  rapid  cooling 
of  the  metal. 

It  also  is  pointed  out  that-  graphitised  carbon  is  capable  of 
having  its  heat- conductive  property  modified  and  adjusted  to 
meet  the  requirements  of  different  metals  or  even  different 
parts  of  the  same  casting.  For  example,  when  meeting  special 
requirements,  Mr.  VickerS'  has  constructed  these  permanent 
moulds  from  graphite,  either  artificial  or  natural,  with  a 
binder  such  as  tar  or  pitch,  which  then  was  baked  in  a  furnace 
similar  to  the'  procedure  in  ordinary  carbon  manufacture. 
When  a  heat  conductivity  was  imparted  to  the  mould  too 
great  for  successful  use  in  certain  forms  of  castings  by  this 
process,  he  adjusted  the  lieat  conductivity  to  that  required  by 
adding  to  the  constituent  mixture  a  certain  amount  of  amor- 
phous carbon,  determined  to  be  sufficient  to  reduce  the  heat 
conductivity  of  the  mould.  He  also  states  that  he  can  form 
his  permanent  moulds  wholly  out  of  the  amorphous  carbon 
and  then  graphitise  them  in  an.  electric  furnace.  Here  again 
he  is  able  to  adjust  their  heat  conductivity  as  required.  By 
correspondingly  adjusting  the  temperature  of  the  furnace,  he 
is  able  to  reflate  the  extent  of  the  graphitisation  of  the 
amorphous  carbon  and  thereby  correspondinglv  control  the 
heat  conductivity  of  the  resulting  mould.  The  heat  conduct- 
ing properties  of  the  permanent  mould  can  be  adjusted  locally 
by  varying"  its  thickness  at  different  points  or  zones,  corre- 
sponding to  the  thicker  and  thinner  parts  of  the  casting's,  and 
hy  this  means  he  ensures  more  rapid  heat  withdrawal  from  the 
thicker  parts  and  less  rapid  from  the  thinner  parts  of  the 
mould,  thus  ensurine;  substantial  uniformity  of  heat-withdrawal 
from  all  parts  of  the'  casting  at  the  same  rate  and  an  equal 
amount  durinof  a  given  time. 

In  cases  where  a  permanent  mould  is  not  required,  a 
temporary  mould  can  be  made  from  a  form  of  graphite 
ohtaiiied  bv  the  decomposition  of  silicon  carbidei  or  other 
similar  carbides,  since  this  form  possesses,  plastic,  coherent 
properties  when  subjected  to'  pressure.  Also,  the  tempo rarv 
nioulcl  may  be  made  from  a  mixture  of  graphitised  carbon  and 


iiiouldor'n  sand,  regulating  Ihe  proporiionH  so  as  to  imparl  to 
tlio  mould  Uio  degree  of  l\G!vt  (； (HuJurtivily  best  .suited  to  the 
IKulicular  kind  of  cast i tig-  desired.  For  the  purjxjso  of 
(leriionstrating  the  iiifluenc©  of  the  graphitised  carbon  perrria- 
I 履 I:  mould  on  the  physical  properties  of  non-ferrous  irietal 
castings,  Mr.  Vickers  mad©  a  series  of  bests  with  an  alloy  con- 
taining  aluminium  92 】)ot  cent,  and  copper  8  per  cent.  From 
this  alloy  he  made  castings  from  tliei  same  heat  in  four  diffe- 
rent moulds  Tnade  respectively  of  sand,  arnoryjiiaus  carbon, 
i 謂， and  graphitised  carbon.  The  results  of  these  tests 
follow  ： —— 


Ultimate 

Per  cent. 

Per  cent. 

Casting. 

Strength, 

Elonf^a- 

Rodiic- 

Lbs. 

tion. 

t  ion. 

】 2,300 

1-0 

0-7 

In  amorphous  carbon  raoukl  .... 

17,700 

1-8 

1-3 

25,500 

3-5 

4-1 

In  graphitised  carbon  mould  .... 

26,300 

3-8 

4-4 

The  four  substances  thus  employed  are  superior  to  each 
other  in  heat  conductivity  as  moulds  in  the  order  named,  that 
of  sand  being  the  least  and  that  of  graphitised  carbon  the 
greatest.  Similar  tests  with  other  alloys  gave  analogous 
results.  Tests  also  were  made  on  temporary  moulds  consisting 
of  a  mixture  of  sand  with  graphite  as  compared  with  that  of 
sand  moulds,  the  alloy  used  having  consist/ed  of  92  per  cent, 
aluminium  and  8  per  cent,  copper.  The  ultimate  strength  of 
the  castings  made  in  the  sand  mould  was  21，6501bs.  and  that 
from  the  graphite  and  sand  moulds  26，7801bs. 

In  view  of  the  rapid  chilling  properties  of  the  graphitised 
carbon  mould,  it  is  necessary  to  employ  risers  or  feeders  of 
ample'  size  made  of  a  lower  heat- conducting  substance  or 
mixture  than  tlie  mould  itself.  Tlie  riser  is  made  of  moulder's 
sand,  and  by  its  use  the  casting  is  continuously  fed  until 
solidification  takes  place.  In  casting  in  sand  moulds,  for 
example,  for  some  alloys  it  has  been  found  necessary  to  have 
the  riser  fully  as  bulky  as  the  casting,  and  in  making  some 
alloys,  such  as  aluminium  bronze,  the  ratio*  of  bulk  of  riser  to 
that  of  the  casting  has  been  as  high  as  1^  to  1.  However, 
with  the  use  of  the  graphitised  carbon  permanent  mould  the 
relative  proportions  of  riser  to'  casting  are  materially  reduced 
and  in  usual  practice  it,  does  not  exceed  one-fourth  of  the 
bulk  of  the  casting.  This  permanent  mould  has  been  found 
advantao:eous  in  casting  copper,  nickel,  lead,  zinc,  aluminium, 
and  many  alloys  comprising  some'  of  these  metals,  such  as 
German  silver,  brass,  bronze,  gun- metal,  and  the  white  metals, 
and  it  also  has  proved  useful  in  casting  ferrous  metals  and 
their  alloys. ― "  The  Foundry." 


THE  TUNGSTEN-MOLYBDENUM  SYSTEM. 

The  tungsten- molybdenum  system  is  discussed  by  Dr.  Frank 
A.  Falirenwald,  of  Cleveland,  Ohio,  in  a  paper  to  be  pre- 
sented at  the  Arizona  meeting  of  the  American  Institute  of 
Mining  Engineers  in  September.  Tlie  results  of  an  investi- 
gation of  alloys  of  these  two  elements,  in  which  methods 
were  employed  that  avoided  th©  usual  difficulties  accompany- 
ing liigh-t^mperature  alloy  investigations,  are  summarised  as 
follows  ：  (1)  By  compressing  the  mixed  reduced  powders  of 
tungsten  and  molybdenum  into  briquettes  and  then  heating 
with  an  electric  current  in  an  atmosphere  of  hydrogen,  alloys 
of  this  series  were  prepared  varying  in  composition  from  100 
per  cent,  tungsten  to  100  per  cent,  molybdenum.  (2)  The 
solidus  curve  for  the  series  was  located  by  means  of  optical 
pyrometer  temperature  measurements  and  checked  by  com- 
paring the  fusing  current  with  a  standardised  wattage-tem- 
perature curve.  (3)  The  equilibrium  diagram  for  this  series 
shows  no  critical  points,  appearing  as  resistance  fluctuations, 
corresponding  to  a  separation  of  a  new  phase.  Its  construc- 
tion lias  been  based  upon  tliis  fact  and  upon  results  of  micro- 
scopical analysis.  (4)  Curves  for  hardness  and  for  equiaxing 
temperatures  are  smoothly  convex,  being  typical  of  an  unin- 
terrupted series  of  solid  solutions  (mixed  crystals).  (5)  As  a 
result  of  thermal  and  microscopical  analysis,  the  metals 
tungsten  and  molybdenum  are  reported  to  be  completely 
isomorplious.  (6)  All  alloys  of  this  series  are  malleable  and 
ductile  under  proper  conditions. 
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LIGHT  AND  ILLUMINATION.* 

BY  DR.  CHARLES  P.  STEINMETZ. 

(( 'one! luler!  from  p(igc  100.) 

The  problem  of  producing  light  from  heat  ,  by  combustion 
or  by  an  electric  current,  therefore,  involves  raising  the  light- 
giving  body  to  as  high  a  temperature  as  possible,  because  the 
higher  the  temperature  the  greater  is  the  percentage  of  the 
total  vibrations  emanated  that  fall  within  the  visible  range. 
But  even  at  the  very  best,  if  it  were  possible  to  make  use  of  a 
temperature  of  5,000°  C.，  we  could  not  get  more  than  10  or 
12  per  cent,  of  the  vibrations  as  light.  Unfortunately 
tungsten  evaporates  at  between  3,000''  and  4,000°  C.，  and  other 
available  substances  vaporise  at  still  lower  temperatures  ；  tlius 
we  are  prevented  in  practice  from  attaining  the  maximum 
efficiency  possible  by  radiation  due  to  temperature. 

Nevertheless,  all  tlie  advance  in  illuminating  engineering 
has  been  made  by  utilising  higher  and  higher  iemperatures. 
In  the  beginning,  light  was  obtained  through  the  temperatures 
obtained  by  combustion,  ranging  from  lower  to  higher  tempe- 
ratures according  to  the  combustible  used,  as  flaming  pine 
sticks,  vegetable  oil,  whale  oil,  mineral  oil,  kerosene,  &c.，  with 
an  upper  possible  limit  of  about  2,000°  C,  determined  by  loss 
of  chemical  affinity  of  oxygen  for  other  elements  at  still  higher 
temperatures.  At  the  temperatures  of  combustion  red,  yellow, 
and  at  the  highest  limit,  a  whiter  flame  was  produced,  but  all 
of  them  of  low  percentages  of  efficiency  for  obvious  reasons 
heretofore  given. 

Then  we  came  to  the  electric  light.  Although  higher 
temperatures  than  2,000°  C.  cannot  be  reached  by  combustion, 
we  can  go  1  uglier  by  means  of  the  electric  current.  Attempts 
at  producing  light  by  the  electric  current  were  made  by  heat- 
ing wire  conductors  to  a  high  temperature,  and  the  first 
attempt  at  an  incandescent  lamp  was  with  a  platinum  wire  ； 
but  platinum  melts  at  about  1,760°  C.，  therefore  the  efficiency 
of  light  production  by  this  means  is  very  low.  Then  Edison 
discovered  that-  a  wire  of  carbon — a  carbon  filament ― could  be 
used  in  place  of  platinum.  Now  carbon  does  not  melt,  or  boil, 
until  a  temperature  of  about  4,000°  C.  is  reached.  Conse- 
quently it  should  stand  a  very  much  higher  temperature  in  an 
incandescent  lamp  than  platinum.  The  old  carbon  filament 
lamps  were  run  at  about  1，800°  C.，  somewhat  above  the  melt- 
ing point  of  platinum,  and  thus  with  higher  efficiency,  and  no 
danger  of  melting.  About  45  watts  of  electrical  energy  were 
required  per  candle  power. 

The  question  arose  :  Why  could  not  the  carbon  be  operated 
at  a  higlier  temperature  and  thus  at  higher  efficiency  ？  If 
instead  of  running  at  a  temperature  of  1,800°,  requiring 
45  watts  per  candle  power  of  light  produced,  the  carbon  was 
raised  to  2,500°,  the  candle  power  would  be  doubled  for  the 
same  watts.  But  the  limitation  there  was,  not  that  the  fila- 
ment melts  or  boils,  but  another  limitation ^ evaporation. 
We  know  materials  can  evaporate  below  their  boiling  point, 
for  exam  pie,  that  water  at  ordinary  temperatures  will  evapo- 
rate within  a  few  days,  and  that  even  ice  and  snow  below  the 
melting  point  gradually  disappear.  The  carbon  filament  at 
1，800。，  wav  below  the  melting  and  boiling  point,  also  slowly 
evaporated,  the  carbon  vapour  being"  deposited  on  the  lamp 
bulb.  With  continuous  evaporation  the  filament  got  thinner, 
t hereby  the  temperature  went  down  and  the  light  became  less. 
The  deposited  carbon  vapour  also  obstructed  the  light.  If 
the  filament  were  raised  to  2,500°  C.,  the  temperature  would 
rapidly  iro  down  through  excessive  thinning  of  the  filament'  hv 
evaporation,  and  the  deposited  carbon  on  the  ^lobe  would 
blacken  it  to  sucli  a  degree  that  even  the  filament  itself  would 
oiilv  faintly  be  seen  through  the  glass. 

So  we  were  limited  as  to  the  operatincr  temperature  of  the 
carbon  filament  because  it  had  to  be  kept  below  tlie  melting 
or  boilintj  point,  where  the  rate  of  evanoration  does  not  unduly 
reduce  the  light  production,  and  efficiency  of  that  production, 
within  a  reasonable  time,  say,  500  hours  or  so.  That  was  the 
limitation  to  the  efficiency  of  the  old  carbon  filament  light. 

The  problem  later  was  to  make  it  possible  to  run  carbon 
at  hifrher  temperature  without  undue  evaporation,  and  thereby 
eet  hi£{her  f^fficiency.  Carbon  is  a  rather  indefinite  body  : 
there  is  carbon  and  carbon,  for  instance,  the  carbon  obtained 

•  Paper  presented  at  a  ioint  nieetlim  of  the  electrical  spction  of  the  Western 
Society  Engineers  flnrl  the  Chicago  section  of  the  American  Institute  of  Electrical 
Engineers,  October  2(ith.  1915. 


from  bamboo  fibre,  the  carbon  from  silk  strands,  and  that 
from  cellulose,  and  so  on.  The  material  obtained  by  carbonis- 
ing fibre  evaporates  rather  rapidly,  but  carbon  deposited  from 
gasolene  at  high  temperature  is  of  another  kind,  which  does 
not  evaporate  so  easily,  and  thus  can  be  run  at  higher  tempe- 
ratures. Therefore,  if  a  shell  of  carbon  from  gasolene  vapour 
is  deposited  upon  the  carbon  filament  of  old  producer  from 
fibre,  it  can  be  run  at  higher  temperature  with  equal  falling 
off  in  light  and  blackening  of  globe,  but  we  will  get  a  higher 
efficiency,  and  this  was  done. 

About  10  or  12  years  ago  still  another  useful  modification 
of  carbon  was  found,  represented  in  the  so-called  metallised 
carbon  filament,  which  somewhat  possesses  the  strength  and 
resiliency  of  a  hard-drawn  metallic  wire,  and  evaporates  still 
less  rapidly  than  the  earlier  carbon  ；  therefore  it  can  run  at 
a  higher  temperature.  This  carbon  is  used  in  the  filaments  of 
the  so-called  "Gem"  lamp,  which  can  be  operated  at  about 
twice  the  efficiency  of  the  old  carbon  lamp  with  the  same  rate 
of  evaporation,  the  same  rate  of  blackening,  and  the  same 
light.  ' 

But  even  the  temperature  of  the  metallised  carbon  in  the 
" Gem  "  lamp  is  still  way  below  the  temperature  of  boiling. 
We  can  produce  light  by  running  the  temperature  of  carbon 
up  to'  the  limit,  that  is,  to  the  boiling  point,  nearly  4,000°  C. 
W©  cannot  do  it  with  a  filament,  however,  but  must  use  the 
arc  lamp,  in  which  the  current  passes  through  hot  vapour  in 
the  space  between  two  slightly  separated  carbon  rods  and 
raises  the  tip  of  the  positive  carbon  to  the  boiling  point.  The 
light  emitted  has  the  efficiency  that  would  be  obtained  at  about 
4,000°  ；  all  the  evaporation  takes  place  at  the  positive  carbon, 
and  probably  8  or  10  per  cent,  of  all  the  vibrations  radiated 
are  visible.  Thus  the  arc  lamp  would  give  a  very  high 
efficiency  were  it  not  that  an  excessive  amount  of  heat  energy 
is  conducted  off  by  the  carbon  rods  and  carried  away  by  the 
air.    That  is  the  main,  and  a  serious  loss. 

The  problem  thus  became  one  of  finding  something  that 
can  stand  higher  temperatures  than  carbon  under  all  practical 
requirements.  Tantalum,  osmium,  and  tungsten  are  all 
metals  of  extremely  high  melting  points,  but  they  have  a 
characteristic  advantage  over  carbon  in  that  their  rate  of 
evaporation  is  much  less  at  high  temperatures .  The  carbon 
filament  in  the  old  incandescent  lamp  evaporated,  although  it 
was  operated  at  a  temperature  much  below  the  boiling  and 
melting  point.  Tungsten,  on  the  other  hand,  can  be  run  up 
high  in  the  temperature  scale  nearly  to  the  melting  point 
with  very  little  evaporation.  So  you  see  that  the  melting 
point,  or  boiling  point,  and  the  evaporating  point  have  no 
necessarily  fixed  relation  for  different  substances.  Benzine 
and  water,  for  example,  boil  at  about  the  same  temperature, 
but  a  plate  full  of  benzine  will  evaporate  long  before'  a  plate 
full  of  water.  If  carbon  and  tungsten  are  kept  at  the  same 
high  temperature,  the  carbon  will  evaporate  rapidly  while 
evaporation  from  the  tungsten  will  be  very  much  slower. 
Therefore  we  can  run  tungfst'en  at  much  higher  temperature 
than  carbon  with  the  same  evaporation,  although  really  the 
tungsten  would  melt  before  the  carbon .  Carbon  will  stand 
higher  temperature,  but  it  then  evaporates  too  rapidly. 

In  respect  to  the  three  metals  mentioned,  osmium  proved 
very  good  as  the  illuminant  in  a  lamp,  but  is  too  rare  to  be 
generally  used.  Tantalum  ^ave  good  results,  having  a  higher 
resistance  than  carbon,  but  has  been  superseded  by  tungsten 
because  the  melting  noint  of  the  latter  is  much  higher,  and  it 
can  thus  be  run  at  a  hig^her  temperature,  and  it  is  now  used  in 
all  lamps  having  metallic  filaments.  The  so-called  "  Mazda  " 
is  a  tune^sten  lamp.  Since  the  tungsten  lamp  can  be  operated 
at  a  much  hig-her  temperature  than  any  carbon  lamp,  a  greater 
percentage  of  all  the  vibrations  produced  come  within  the 
visible  three-quarter  octave.  The  carbon  lamp  requires  three 
watts  per  candle,  while  the  tungsten  lamp  requires  only  one 
watt  because  with  the  carbon  filament  only  three-fourths  per 
cent,  of  the  total  vibrations  are  in  the  visible  range,  while  with 
the  tung^sten  burner  we  get  about  2  per  cent.,  or  about  three 
times  the  percentage. 

Two  per  cent,  is,  however,  very  little.  Most  of  the  vibra- 
tions are  still  outside  the  visible  range,  either  too  slow  or  too 
fast.  So  the  further  problem  has  been  somehow  to  get  a  still 
higher  operating  temperature.  In  the  carbon  and  tuners  ten 
lamps  a  vacuum  has  been  used.  Naturally  tlie  lamp  having  a 
carbon  filament  must  at  least  be  exhausted  of  air  to  prevent 
its  combustion,  but  that  is  not  the  fundamental  reason  for  the 
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vacuum  because  the  Iain]>  bulb  might,  be  filled  with  a  ga.s  in 
which  carbon  will  not  burn,  such  as  nitrogen,  hydrogen,  or 
argon.  Hut  to  maintain  the  carbon  filament  in  such  a  gas  at 
the  ttMnj>erature  it  would  have  in  a  vacuum  would  require 
much  more  energy.  By  conduction  and  convection  the  gas 
will  carrv  awav  a  verv  large  part  of  the  energy  supplied  to  the 
Hlainent,  which  will  be  given  up  to  the  glass  globe  and  dis- 
sipated uselessly,  and  therefore  a  much  greater  energy  con- 
sum  j>t  ion  is  required,  if  the  filament  is  to  be  maintained  at  the 
proper  teini)erature.  Without  the  extra  supply  of  energy  the 
filament  would  not  attain  a  light-giving  temperature.  So 
the  reason  for  the  vacuum  in  incandescent  lamps  has  been  to 
avoid  the  enormous  loss  of  energy  through  heat  conduction 
and  convection  where  the  globe  filled  v.'ith  a  gas. 

The  use  of  a  vacuum,  however,  is  disadvantageous  because 
it  facilitates  evaporation,  and  thus  sets  a  lower  and  less 
efficient  limit  to  the  temperature  to  which  in  practice  the 
filament  should  be  raised,  even  though  far  below  the  melting 
or  boiling  point. 

Now,  the  boiling  point  and  rate  of  evaporation  of  water  at 
other  low  temperatures  depend  upon  the  pressure.  At 
ordinary  atmospheric  pressure  water  boils  at  100^  C.  ；  at 
higher  pressure  it  will  boil  at  higher  temperature  ；  and  at 
lower  pressure  it  boils  at  lower  temperature.  In  a  vacuum 
water  may  boil  at  the  melting  point  of  ice,  and  it  the  vacuum 
is  excellent,  no  water  will  be  present,  the  boiling  point  drops 
below  the  freezing  point,  and  the  ice  passes  directly  into  water 
vapour.  If,  likewise,  in  the  incandescent  lamp  we  can 
decrease  the  evapoi'aticm  by  lowering  the  boiling  point,  it 
follows  that  the  vacuum  is  a  disadvantage  because  without  the 
vacuum,  evaporation  aud  blackening  would  be  verv  iiiucli  less 
at  the  same  temperature. 

Xow,  suppose  that  instead  of  having  a  vacuum  in  a  100- watt 
tungsten  lamp  it  is  filled  with  inert  gas,  say,  nitrogen  at 
atmospheric  pressure.  To  maintain  the  filament  at  the  same 
temperature  as  before  will  require  more  energy  because  much 
of  the  heat  is  carried  away  by  the  gas,  the  pressure  of  which, 
however,  will  cause  the  evaporation  to  be  much  less,  therefore 
the  filament  can  be  raised  to  a  still  higher  temperature  with  au 
evaporation  no  greater  than  with  a  vacuum.  The  pressure 
has  raised  the  boiling  point  and  reduced  the  evaporation  rate 
lor  equal  temperatures. 

Assume  the  evaporatiou  iu  a  vacuum  to  be  such  as  to  limit 
the  life  of  the  lamp  to  1.000  hours  at  the  temperature  pro- 
duced by  100  watts,  theu  with  nitrogen  at  atmospheric  pres- 
sure we  could  use,  say,  200  watts  with  the  same  rate  of 
evaporation  and  blackening.  But  this  would  raise  the  tempe- 
rature, so  that  while  100  watts  will  give  200  candles,  200  watts 
would  give  600  candles,  were  it  not  that  the  nitrogen  carries  a 
lot  of  heat  away  from  the  filament.  Consequently  an  addi- 
tional 100  watts  must  be  supplied  to  make  up  for  this  loss  and 
raise  the  temperature  sufficientlv  to  give  the  600  candles.  In 
this  way  the  candle  power  of  the  lam p  has  been  increased 
from  200  candles  with  an  expenditure  of  100  watts  to  600 
caudles  for  300  watts  with  the  same  evaporation,  blackening, 
and  life,  which  means  an  increase  in  efficiency  over  the  vacuum 
lamp  from  one  candle  per  watt  to  two  candles  per  watt. 

Now,  suppose  we  take  another  lamp,  sav，  one  requiring 
20  watts  with  a  vacuum.  If  filled  with  uitrogeu,  the  tempe- 
rature could  be  raised,  probably  not  so  high  as  to  get  six  times 
as  much  light,  because  a  20-watt  filament  is  so  thin  the 
evaporation  that  occurs,  even  at  the  lesser  rate  due  to  the 
pressure,  would  wear  it  away  too  fast.  Furthermore,  the  per- 
centage of  energy  lost  through  the  gas  is  very  much  greater, 
because  the  surface  of  a  thin  filament  iu  contact  with  the  gas 
is  much  larger  compared  with  its  volume  than  in  the  large 
filaments  of  lamps  of  high  candle  power.  Whether  the  loss  of 
energy  due  to  the  gas  will  be  more  or  less  than  the  gain  made 
by  the  higher  temperature  and  higher  efficiency  depends  upon 
the  relation  of  surface  to  bulk  of  the  filament.  With  a 
filament  in  the  form  of  a  closely  wound  helix,  where  there  is  a 
relatively  small  surface  to  carry  away  heat,  the  gain  mav  be 
considerable.  But  with  a  straight  filament  of  exceedi'nglv 
small  wire  there  may  be  only  an  insignificant  gain,  and  even  a 
loss.  In  the  small  •'  Mazda  "  lamp  of  10  or  20  watts  more 
would  be  lost  than  gained  by  filling  the  lamp  with  a  gas.  In 
the  big  units  of  300  or  500  watts,  verv  much  more  is  gained 
than  lost  by  using  the  gas.  The  gas-filled  lamp  represents  a 
compromise  based  on  allowing  a  big  loss  by  heat  conduction 
and  convection  by  the  gas,  which  is  more  than  compeusated  by 


tlie  hii^lier  temperature  i)ennissible,  lx;cau.se  the  rate  of 
evaporation  is  kept  down  by  the  pressure  of  tlie  gas. 

All  kinds  of  inert  gases  would  not  serve  tlie  jmrjwse  equally 
well.  Other  things  being  equal,  obviously  the  gas  having  the 
lesser  heat  conducting  and  convecting  capacity  is  the  better. 
Thus  nitrogen  is  much  suj>€rior  to  hydrogen,  and  argon  a 
little  better  than  nitrogen.  Therefore,  while  large  lanips  may 
be  filled  with  nitrogen,  in  the  smaller  type  of  gas  filled  lamps, 
say,  100-watt  lamps,  iu  which  nitrogen  would  result  in  no 
appreciable  gain,  it  pays  to  use  argon. 

In  the  gas-filled  tungsten  lamp,  the  efficiency  is  raised  from 
the  five  watts  per  candle  of  the  early  carbon  filament  lamp  of 
Edison  to  two  candles  per  watt,  an  increase  in  the  ratio  of 
ten  to  1，  due  not  only  to  the  gas  pressure  keeping  down  the 
rate  of  evaporation  and  permitting  a  higher  operating  tempe- 
rature, as  before  explained,  but  further  to  inherently  different 
characteristics  of  the  two  material:^,  in  that  a  greater  propor- 
tion of  all  the  vibrations  emanating  from  tungsten,  when  at 
the  same  temperature  as  carbon,  falls  withiu  the  visible  three- 
quarter  octave.  The  radiations  from  tungsteu  iu  the 
" Mazda  "  lamp  are  thus  to  some  extent  favourably  selective, 
compared  with  the  radiations  from  the  carbon  filament. 

True  selective  radiation  was  found  out  some  years  ago  by 
Auer  von  Welsbach  and  utilised  by  him  in  greatly  improving 
gas  lighting.  In  investigating  various  elements  he  discovered 
that  the  rare  oxides  of  some  metals,  as  thorium  aud  cerium, 
wheu  heated  to  incandescence,  give  out  much  more  light  than 
materials  iu  general,  say,  for  example,  carbon  or  platinum,  at 
the  same  temperature.  When  platinum  is  heated  to  incau- 
desceuce  iu  a  flame  it  will  emit  visible  radiations  mainly  in  the 
yellow  part  of  the  spectrum.  But  place  one  of  these  rare 
oxides  ill  the  flame  aud  it  will  give  a  greenish-white  light  much 
stronger  than  the  light  from  the  platinum,  and  entirely  beyond 
what  would  naturally  be  expected  considering  the  temperature. 
Thus  these  materials  have  the  curious  property  at  flame  tempe- 
ratures of  producing  an  abnormal  number  of  vibrations  of 
high  frequencies  falling  within  the  visible  three-quarter  octave. 
Such  oxides  are  iu  practice  formed  into  a  mantle,  which  is 
heated  bv  a  Buuseu  tlame,  resulting  iu  an  increase  of  lighting 
efficiency  much  greater  than  is  obtainable  directly  from  gas. 
The  liigh  efficiency  cannot  be  due  to  the  temperature,  because 
the  temperature  of  a  gas  mantle  is  relatively  low.  The  quality 
of  the  light  corresponds  in  general  to  low  temperature,  aud 
furthermore  at  no  temperature  could  any  merely  radiating 
incandescent  body  give  off  just  the  same  quality  of  light  which 
these  materials  give.  This  was  the  first  production  of  light 
not  directly  due  to  temperature  but  to  some  selective  radiation, 
the  nature  of  the  materials  resulting  not  in  all  kinds  of  vibra- 
tions, but  more  particularly  in  useful  ones. 

The  question  arises,  is  it  possible  to  gain  the  same  advan- 
tage for  the  incandescent  lamp  that  has  beeu  obtained  in  gas 
lighting  from  the  Welsbach  mantle  by  using  some  such  selec- 
tive material  for  the  filament?  This  has  beeu  accomplished 
to  some  degree  in  the  ••  Xernst  incandescent  lamp,  but  the 
gain  \va<  insignificant  compared  to  that  obtained  with  the  gas 
mantle.  The  reason  is  this  ：  The  temperature  of  a  gas  flame 
comparativelv  low,  consequent Iv  it  alone  gives  little  light. 
But  by  selective  radiation  of  "  luminescence,"  that  is,  light  not 
direct"'  dependent  upon  temperature  effect,  the  added  mantle 
at  the  same  temperature  gives,  say,  ten  times  as  much  light, 
thus  increasing  the  efficiency  ten  times. 

Now  iu  the  "  Xernst  ，，  lamp  the  temperature  is  much 
higher  than  the  gas  flame,  so  that  we  obtain,  say,  20  times 
as  much  light  as  from  the  gas  flame.  And  since  the  mantle 
gives  10  times  as  much  light  as  the  gas  flame  and  the 
Xernst  ''  filament  gives  20  times  as  much  light  as  the  gas, 
the  increase  in  efficieucv  of  the  ''  Nernst  '，  lamp,  partly  due  to 
selective  radiation  and  partly  to  the  higher  temperature,  is 
only  50  per  cent.  So  the  "  Nenist  "  filament  is  more  efficient 
than  the  carbou  filament  at  the  same  temperature,  but  the 
increase  is  very  small  compared  to  the  increase  iu  the 
Welsbach  mantle.  The  percentage  of  light  added  by  lumines- 
cence in  the  '•  Nernst  ，•  filament  is  probablv  the  same  as  that 
in  the  mantle,  but  the  filament  itself  gives  so  much  more  light, 
due  to  the  higher  temperature  alone,  that  eventually  very  little 
is  gained.  That  is  why  the  *'  Xernst  "  lamp  did  not  show  such 
a  startling  gain  over  the  Welsbach  mantle  as  compared  with 
ordinary  gas  lighting,  and  further  because  it  could  not  be 
heated  to  the  increased  temperature  possible  in  the  tantalum 
lamp  and  still  higher  temperature  in  the  later  tungsten  lamp. 
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The  "Mazda''  is  much  】nore  efficient  than  the  '(  Nernst  ，' 
】amp，  for  while  the  ''  Nernst  '，  lamp  gains  by  higher  lumines- 
cence, the  tungsten  lamp  more  than  makes  up  for  this  by  its 
higher  temperature. 

The  onlv  way  to  produce  real  selective  vibration,  corre- 
sjx)nding  with  the  note  from  the  air  column  in  an  organ  pipe, 
or  from  a  violin  string,  is  by  causing  vibration  of  the  atom. 
But  even  here  we  get  not  a  single  vibration  but  a  nnxture  of 
all  the  vibrations  of  which  tlie  atom  is  capable.  Therefore  it 
cannot  be  accomplished  by  ineam  devisee!  as  one  would  build  a 
piano,  bv  an  assemblage  of  wires  of  suitable  lengths  undei' 
proper  tensions,  because  there  are  only  a  certain  number  of 
elements  at  command,  and  the  atoms  must  be  used  as  we  find 
them,  for  we  are  powerless  to  modify  them  or  their  actions. 

Solids  aud  liquids  are  not  available,  because  their  atoms 
are  so  close  together  that  they  cannot  vibrate  freely.  They 
may  be  compared  to  a  heap  of  sand.  While  each  grain,  if 
separate,  could  send  out  its  own  vibrations  and  produce  a 
separate  colour  effect,  in  the  heap  all  we  get  is  a  general  sand 
colour,  a  mixture  of  all  those  kinds  of  vibrations  that  are  char- 
acteristic of  sand  particles.  So  a  solid  or  a  liquid  can  give  no 
definite  vibration  of  the  spectrum,  but  only  general  vibrations 
of  all  kind  of  frequencies,  like  the  incandescent  tmigsteu 
filament.  Only  the  at  onus  oi  gas  and  vapour  give  spectro- 
metric  light. 

Let  us  see  which  of  the  gases  and  vapours  give  a  large 
percentage  of  visible  rays.  Atoms  of  the  same  material,  for 
instance,  mercury  vapour,  will  give  the  same  vibrations  regard- 
less of  whether  the  temperature  is  high  or  low.  With  higher 
temperature  the  intensity  will  increase,  but  the  frequency 
remains  the  same,  just  as  with  the  violin  string,  the  note  is  the 
same  whether  the  string  is  bowed  heavily  or  lightly,  only  in 
the  former  case  the  intensity  or  volume  of  sound  will  be 
greater  than  in  the  latter,  it  will  he  louder.  So  with  atoms 
of  vapour,  whether  they  be  highly  heated  or  not,  whether  a 
large  or  a  small  current  is  sent  through  them,  they  still  keep 
the  same  frequency  of  vibrations,  only  more  or  less  intense, 
and  thus  giving  more  or  less  light,  although  there  will  also  be 
other  vibrations  too  fast  or  too  slow  to  come  within  the  visible 
range. 

In  order  to  secure  efficient  lighting  in  this  way,  that  is,  by 
luminescence,  we  should  select  those  chemical  elements  that 
happen  to  have  a  considerable  percentage  of  their  natural 
vibrations  in  the  visible  range.  There  are  practically  three  of 
them  ：  mercury,  calcium,  and  titanium.  In  mercury  vapour 
the  green  colours  predominate,  in  calcium  the  orange  and  red, 
and  in  titanium  vapour  the  atomic  vibrations  have  frequencies 
fairly  well  distributed  over  the  whole  visible  range.  With  any 
one  of  them,  under  favourable  conditions,  as  much  as  20  per 
cent,  of  the  total  radiation  comes  within  the  visible  range,  the 
three-quarter  octave,  which  is  several  times  more  than  can 
possibly  be  obtained  from  an  incandescent  body  at  any  tempe- 
rature, even  at  the  teni])erature  of  the  sun.  There  is,  there- 
fore, a  possibility  in  this  direction  of  an  efficiency  in  lighting 
materially  higher  than  is  possible  with  incandescence. 

This  brings  us  to  the  final  consideration  of  the  question  : 
what  improvements  are  possible?  Take  the  gas-filled 
" Mazda  ，，  lamp  with,  which  two  candles  per  watt  are  obtained. 
Possibly  the  economy  may  be  increased  by  going  to  a  still 
higher  temperature,  close  to  the  melting  point  of  tungsten, 
and  there  is  still  quite  a  latitude  permissible  in  this  direction. 
It  would  mean  higher  gas  pressure  to  keep  the  evaporation 
down,  and  a  transparent  globe  of  different  composition  than 
at  present  used  because  the  gas  would  be  very  much  hotter. 
Then  the  loss  from  heat  conduction  and  convection  under  the 
greater  gas  pressure  would  be  much  increased.  A  better  gas 
for  the  purpose  than  nitrogen  might  be  used,  perhaps  argon. 
Possibly,  an  improvement  up  to  three  candles  per  watt  could 
be  obtained,  but  the  prospect  of  any  substantial  gain  is 
limited. 

Another  question  is :  can  we  find  a  material,  a  metal, 
having  a  higher  melting  ])oint  than  tungsten  ？  Doubtless,  it 
must  be  an  element,  because  for  chemical  reasons  the  melting 
point  of  aiiv  coinpound  of  two  materials  must  lie  soniewliere 
between  that  of  either  of  the  materials  entering  into  it.  For 
exrirn])le,  all  tungsten  conipoumls  have  lower  melting  points 
than  t  ungsten  itself,  all  carbon  ('cmipmimis  have  lower  iiielting 
points  than  carbon,  and  so  on. 

In  conclusion,  we  may  hojwf  to  increase  the  efficiency  from 


two  candles  to  three  or  four  caudles  per  watt  by  incandescence. 
In  the  case  of  the  luminous  spectrum  produced  by  an  electric 
current  flowing  through  a  gas  or  vapour  there  is  iio'  theoretical 
limitation  because  definite  rates  of  vibration  result.  With  the 
most  efficient  vapours,  those  of  mercury,  calcium,  or  titanium, 
we  can  probably  get  something  like  eight  to  ten  caudles  per 
watt  under  favourable  conditions,  an  efficiency  much  higher 
than  can  ever  properly  be  expected  from  incandescent  radia- 
tion, but  this  is  under  the  most  favourable  laboratory  condi- 
tions, not  as  yet  at  all  attainable  in  any  arc  lamp  in  com- 
mercial practice.  It  shows,  however — and  now  we  are  con- 
sidering theoretical  possibilities ― that  within  the  range  of 
luminescent  lighting,  exemplified  iu  the  vacuum  tube,  and  in 
the  luminous  arc  and  flaming  arc,  there  is  no  theoretical  limita- 
tion of  efficiency,  while  in  incandescent  lighting  there  is  a 
limitation  set  by  the  unavoidable  production  of  all  kinds  of 
vibration,  of  which  the  useful  embrace  only  three-quarters  of 
an  octave.  By  luminescence  we  may,  as  already  stated,  pro- 
bably attain  an  efficiency  of  eight  candles  per  watt,  but  should 
some  new  way  of  producing  luminescence  be  discovered  by 
which  all  the  vibrations  would  have  a  frequency,  say,  between 
four  hundred  and  six  hundred  millions  of  millions  of  cycles 
per  second,  about  50  candles  per  watt  would  be  obtained.  This 
can  be  done,  because  the  firefly  does  it,  but  we  do  not  yet  know 
how  he  does  it. 


NOTES  ON  LOCOMOTIVE  BOILERS. 

When  a  newly  designed,  boiler  for  a  locomotive  is  being  built 
in  the  shops,  considerable  speculation  will  doubtless  develop 
among  those  interested  in  its  construction  as  to  the  probable 
effects  of  working  couditious  ou  it，  especially  if  any  departure 
from  what  may  be  termed  orthodox  details  h.as  been  made. 
The  regular  examination  necessary  during  service  will  be 
closely  watched,  aud  when  the  boiler  firs't  comes  to  the  shops 
for  overhaul  and  repair  its  condition  will  he  very  critically 
enquired  into.  A  very  considerable  volume  might  be  devoted 
to  the  opinious  of  experts  in  boilermaking  on  the  different 
boilers  which  have  been  construcied  under  their  supervision 
or  of  those  iu  their  ciiarge,  and  similarly  much  could  be 
heard  of  the  special  treatment  necessary  for  the  peculiarities 
iu  details  requiring  their  attention. 

Treating  of  generalities,  the  local  effects  of  the  great  varia- 
tions in  temperature  to  which  a  boiler  and  its  firebox  are 
subjected  affect  very  intimately  its  life  ；  the  treatment  a  boiler 
is  accorded  will  also  influence  this.  Further,  to  go  into  details, 
the  water  which,  wheu  used  alone,  is  quite  harmless,  may 
become  dangerous  in  its  action  when  mixed  with  other  sup- 
plies. The  result  may  be  corrosion  of  the  plates  and  eating 
away  of  the  metal  over  large  areas,  or  it  may  give  rise  to 
" pitting  '  in  more  closely  defined  areas.  With  some  water 
the  impurities  deposited  from  it  form  a  scale  which  acts  as  a 
hard  protecting  "  shell  ，，  over  tli&  internal  parts  of  the  boiler  ； 
with  others  the  earthy  matter  held  in  suspension  is  thrown 
down  as  sediment  iu  the  form  of  mud.  In  either  case,  if  the 
deposit  is  allowed  to  accumulate,  it  may  act  as  a  preventive 
agaiiifat  the  water  having  free  access  to  the  plates,  with  the 
consequence  that  they  will  b©  overheated  by  fire  and  suffer 
accordingly.  Water  spaces  of  restricted  area  will  get  blocked 
up  with  these  deposits,  preventing  the  circula'tiou  of  water  and 
reducing  the  efficiency  of  the  boiler.  ， 

The  frequent  changes  of  temperature  to  which  a  boiler  is 
subjected  cause  constant  movement  of  the  different  parts  form- 
ing it,  and  there  is  in  consequence  a  continual  variation  in 
length,  & c.，  of  the  various  plates.  This  continual  movement  is 
often  known  as  the  "  breathing  of  tlie  boiler.  It  is  quite 
impossible  to  prevent  it,  and  therefore  it  should  be  allowed 
for.  As  some  parts  move  more  than  others,  and  at  varying 
times,  a  hingeiiig  "  action  occurs  in  places,  and  as  tJiis  is 
often  concentrated  at  points  close  to'  where  a  rigid  part  is 
attached  to  something  less  solid,  it  is  here  where  grooving  ，， 
will  be  expected  to  take  ]>]ace. 

The  "  groove  "  made  is  a  more  or  less  continuous  line  of 
dee])  furrows  close  together,  probaWy  caused  l)y  the  continual 
rnoveineiit  (hie  to  varying  temperature.  This  latter  causes  the 
protecting  scale  to'  be  dislodged,  and,  allowing  the  fresh 
" naked  "  plate  t'o  be  exposed  to'  the'  action  of  the  water,  the 
]j];ite  is  thus  rusted  or  eaten  away  at  these  poiiits.  This  action 
seldom  takes  place  above  the  water  level  or  in  the  steam  space 
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o(  iho  boiler  ；  in  some  }>nrts  ilie  cfTcct  is  very  severe,  as,  for 
ius'taiu'e,  rouml  the  outtM*  lirohox  casing  plate,  level  with  the 
(op  of  1  lie  t'oinulatioii  ring,  where  the  gruovc>  will,  if  the  plate 
is  allowed  to  remain,  eat  right  through. 

As  t  he  defect  above  mentioned  occurs  inside  the  boiler,  and 
oft  CM  I  ill  ])arts  that  are  inaccessible  and  difficult  even  to  be 
seen,  the  examination  of  a  boiler  has  to  be'  much  mare  than  a 
mere  cursory  glance  which  may  be  sufficient  to  enable  an 
engine  exaiuiner  to  detect  at  once  any  serious  defect  in  (the 
engine  or  ruiuuiig  gear,  which  is  usually  in  the  open  and 
accessible. 

Tile  outside  of  the  boiler  is  also  subject  to  the  action  of  the 
atinos])here,  causing  rust  to  form  on  the  platos,  &c.,  gradually 
corroding  them  away.  The  "  clothing  "  covers  most  of  these 
parts  up,  and  tlie  removal  of  the  lagging  plates  and  asbestos 
or  other  non-conducting  covering  is  necessary  from  time  to 
time,  in  order  to  enable  the  condition  of  the  boiler  plate  to  be 
ascertained.  The  outside  of  the  boiler  should  be  coated  with 
a  thick  oxide  paint  before  the  lagging  is  put  on,  but  as  a  rule 
this  paint  does  not  last  very  long,  and  thus  the  plates  are 
gradually  exposed  to  rust. 

The  interior  fireboxes  need  careful  watching  to  avoid  risks 
due  to  wasting  away  of  the  plates  and  stay-heads  from  the 
action  of  the  fire.  The  rapid  rate  at  which  the  fuel  is 
burned  on  the  grate,  and  the  violent  movement  of  the  fire  in 
the  firebox,  due  to  the  biting  action  of  the  blast,  has  its  effect 
in  the  wear  of  the  plates  by  the^  attrition  of  the  sharp  particles 
of  fuel  upon  the  metal  ；  especially  is  this  the  case  at  a  point 
from  12iii.  to  18in.  above  the  firebox  level,  where  the-  action  is 
most  severely  felt.  The  cutting  action  of  the  flame  along  the 
lower  side  of  the  brick  arch  was'tes  the  plate  away  here,  and 
this  effect  is  seen  to  be  most  severe  at  the  end  of  the  arch 
where  the  flame  turns  to  pass  over  the  arch  on  its  way  to  the 
tubes. 

The  more  rapidly  the  fire  is  made  to  burn  and  a  boiler 
forced ― or,  in  other  word &，  the  harder  the  engine  is  worked ^ - 
the  quicker  the  firebox  will  be  worn  out.  If  careful  observa- 
tions are  taken,  it  will  be  fo'und，  in  all  probability,  that  there 
is  a  very  close  relationship  between  the  amount  of  copper  worn 
or  wasted  away  from  the  firebox  by  'the  action  of  the  fire,  and 
the  quantity  of  fuel  burned  upon  the  firebars  in  a  given  time. 
The  actual  period  of  time  that  elapses  between  the  making 
and  the  renewal  of  a  firebox  is,  no  doubt,  of  less  moment  in 
this  connection  tlian  the  quantity  of  fuel  burnt  and  the  work 
done  by  the  engine  in  the  time.  When  examining  the  firebox, 
the  thickness  can  be  gauged,  as  a  rough  guide,  by  tapping  it 
with  a  hammer.  In  case  of  doubt,  a  small  hole  should  be 
drilled  through  the  plate,  and  the  actual  thickness  measured 
by  inserting  a  hook-ended  gauge  in  tlie  hale. 

The  mouthpiece  or  plate  of  the  inner  firebox  that  encircles 
the  firehole  is  another  part  that  wears  out  more  rapidly  than 
the  body  of  the  box  ；  especially  is  this  so  at  the  lower  part  of 
the  firehole.  This  wearing,  or  rather  burning,  away  of  tlie 
metal  here  is  due  to  the  fact  that  there  is  no  water  at  the 
opposite  side  of  it  to  conduct  away  the  heat  and  keep  the  place 
cool .  The  mass  of  metal  forming  it  he  firehole  ring  not  only 
keeps  the  water  away  from  the  plate  there,  but  also  gets 
extremely  hot  and  allows  the  plate  to  be  burnt  away. 

The  stay-heads  are  liable  to  be'  abraded  off  by  the  action 
of  ithe  fire,  ami  must  be  examined  and  defective  ones  renewed 
before  they  are  reduced  too  much  for  safety.  Unskilful  firing, 
with  sudden  changes  of  temperature,  owing  to  cold  air  enter- 
ing through  the  firehole  when  the  door  is  open  for  too  long  a 
period  while  the  boiler  is  hot,  causes  stays  to  give  trouble. 
Further,  the  dirt  collects  on  the  water  side  of  the  plates,  and 
prevents  the  heat  from  passing  freely  to  the  water.  In 
stubborn  cases  of  dirt  or  scale  thus  forming,  it  may  even  be 
necessary  to  cut  out  some  of  the  stays  to  enable  the'  dirt  to  be 
dislodged  from,  the  water  space. 

From  the  foregoing  remarks  it  will  be  realised  that  the 
charge  of  boilers  is  a  post  which  carries  with  it  the  need  of 
consitant  watchful  care,  if  trouble  from  failure  is  to  be  avoided, 
and  especially  is  this  so  in  lliese  days  of  hurry,  when  the 
lioilers  are  forced  so  much,  and  consequejitly  wear  out  much 
(|u"'ker  than  was  the  case  in  the  days  of  low  steam  pressure, 
when  engines  were  "  nursed  ，，  more.  "With  the  foregoing 
remarks  regarding  the  work  a  boiler  has  to  undergo  in  service, 
Ihe  problems  which  beset  the  builder  will  be  better  under- 
-s'tocxi  when  he  sets  out  to  do  the  work  of  layiug-out  the  plates, 


i'ormin;f  i-hern  to  shape,  and  *;niclually  ussomhlcs  all  the  piecea 
that       to  make  u]>  the  coin  plot  e  boiler. 

Fi'om  the  diirieiusioiiH  ^nveii  on  the  drawings,  the  plates  will 
have  t.0  l)o  ordered  ；  it  is  not  usual  for  the  sliojw  where  the 
l)oil(M's  are  Iniill,  also'  to  manufacture  the  plates.  These  are, 
therefore,  ordered  from  a  reputable  firm  who  make  a  speciality 
of  this  kind  of  work.  The  locomotive  superiiileiideul  gives  the 
specification  for  the  material  and  tests  that  he  requires  the 
plates  to  undergo  before  they  are  delivered,  and  usually  he 
also  requires  an  allowance  on  the  size  of  each  plate  delivered, 
which  can  be  cut  off  and  tested  after  re<^eij>t  of  the  plates.  As 
each  plate  is  marked  when  the  test  pieces  are  cut  off,  it  can  be 
realised  that  every  plate  used  in  a  boiler  Jias  its  record,  so  that 
in  case  of  failure  afterwards  the  results  of  the  tests  on  every 
plate  can  be  found,  and  proof  given  that  only  the  best  material 
was  used  in  the  construction  of  the  boiler. 

Owing  to  the  fact  that  boilers  nowadays  wear  out  very 
quickly,  and  therefore  have  to  be  fairly  frequently  replaced,  it 
iollows  that  speed  and  cheapness  in  constructing  them  are  im- 
portant factors  in  their  manufacture.  Therefore  the  use  of 
jiiachiuery  in  doing  as  much  as  possible  of  the  work  is  the  rule, 
and  as  a  result  anauy  inachiiie-niaking  firms  have  specialised  in 
designing  and  building  machines  for  the  use  of  boilermakei's. 
Great  strength  and  simplicity  of  design  are  features  that  this 
class  of  machine  must  have,  as  the  work  they  will  be  called 
on  to  do  is  very  arduous. 

One  of  the  operations  performed  by  machines  is  levelling 
the  plates  after  arrival,  as  they  often  get  bent  and  buckled  in 
transit  from  the  makers.  After  "  marking  off,"  they  are 
sheared  to  rough  size,  and  the  rivet  holes  punched  or  drilled, 
the  edges  planed  to  exact  size,  and  the  manholes  and  other 
large  circular  parts  cut  on  a  boring  mill.  Some  of  the  plates 
have  to  be  rolled  to  shapo  for  the  barrel,  and  some  heated  and 
flanged  for  those  parts  that  need  this  treatment,  such  as  front 
and  back  ends  of  the  boiler,  throat  plate,  dome,  &c.  When  the 
boiler  is  put  together,  bolts  are  put  through  some  of  the  rivet 
holes  to  hold  the  plates  together,  and  when  the  whole  has  been 
tried  aver,  the'  rivets  are  closed  by  hydraulic  riveters. 
Pneumatic  machines  may  be  used  for  some  parts  where  it  is 
found  most  convenient  to  employ  them. 

The  edges  of  all  the  plates  must  be  caulked,  preferably  by 
]>neuinatic  caulkers,  and  the  inner  firebox  is  then  put  in. 
Tlie  stay-holes  are  drilled,  if  they  have  not  been  done  before 
the  plates  are  assembled  together,  and  tapped.  Machines 
with  large  arms  are  used  for  tapping  the  stay-hoks  if  portable 
pneumatic  or  electric  driven  machines  are  not  available.  The 
stays  are  put  in  and  riveted  over  by  hand  or  machine. 

From  the  above  brief  list  of  the  machine  operations  it  will 
be  realised  what  a  large  proportion  of  the  work  is  done 
mechanically,  and  how  the  work  of  production  is  "  speeded 
up  "  in  the  modern  boilership. ― The  Locomotive." 


INFLUENCE  OF  PRESSURE  ON  EXPLOSIBILITY  OF 
ACETYLENE, 

The  influence  of  pressure  on  the  explosibility  of  acetylene, 
as  investigated  by  the  U.S.  Bureau  of  Mines,  is  given  in  the 
Bureau's  Technical  Paper  No.  112,  prepared  by  George  A. 
Burrell  and  G.  G.  Oberfell  from  experiments  made  to  deter- 
mine the  limits  of  complete  propagation  of  flame  in  mixtures 
of  acetylene  and  air.  Acetylene,  not  mixed  with  air,  was 
enclosed  in  over  mercury  in  a  100  c.c.  glass  vessel,  and  its 
pressure  slowly  increased  by  means  of  a  column  of  mercury 
until  a  maximum  pressure  of  five  atmospheres  was  obtained. 
There  was  no  explosion.  The  experiment  was  twice  repeated, 
and  each  time  under  a  pressure  of  five  atmospheres  a  mild 
explosion  with  the  formation  of  much  carbon  resulted  when 
a  platinum  coil  in  the  gas  was  electrically  brought  to  a  white 
heat,  while  with  tlie  spark  from  an  induction  coil  there  was 
a  violent  explosion  at  three  atmospheres.  When  acetylene 
was  mixed  with  air  so  as  to  form  10，  20,  30,  40,  50，  60，  70, 
80,  and  90  per  cent,  acetylene  mixtures,  tliere  was  no  explo- 
sion from  compressing  the  mixtures  to  one,  two,  three,  four, 
and  five  atmospheres.  There  was  no  use  of  any  means  of 
ignition  such  as  an  electric  spark  or  a  heated  platinum  coil. 
The  experinieiils  showed  that  the  smallest  proportion  of 
acetylene  capable  of  propagating  a  flame  in  a  mixture  of 
acetylene  and  air  was  2'53  per  cent.  ；  the  largest  was  about  73. 
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THE  DESIGN  OF  HIGH-PRESSURE  DISTRIBUTION  SYSTEMS.* 

BY  J.  R.  BEARD.  M.SC. 

'on  (I  IK  J  ((J  from  p(tyf'  IIJ.) 

11  {b).  The  Lay-out  of  the  Distribution  System. ― Except  in 
special  circumstances  it  is  usually  essential  for  each  sub-station 
to  have  at  lea.st  two  separate  sources  of  supply,  and,  if  the 
supply  to  the  sub-station  is  not'  to  be  interrupted  by  a  failure 
of  one  source,  some  form  of  discriminating  protective  device 
must  be  installed  on  each  feeder  in  order  to  isolate  it  auto- 
matically in  the  event  of  its  breakdown.  It  is,  however,  not 
so  generally  recognised  that  it  is  of  equal  importance  that  a 
fault  on  one  feeder  must  not  interfere  with  the  supply  thraugli 
the  sound  feeders  however  severe  the  fault  may  be.  The  only 
forms  of  protection  in  commercial  use  which  meet  these  con- 
ditions under  all  circumstances  are  the  balanced-current  pro- 
tective system  with  pilot  wires  and  the  split- conductor  pro- 
tective system.  Both  have  the  further  advantage  that  the 
isolation  of  the  faulty  feeder  is  practically  instantaneous  and 
can  be  effected  with  quite  a  low  value  of  the  fault  current  so 
that  the  disturbance  to  the  general  system  is  a  minimum. 
Full  particulars  of  these  protective  systems  and  of  their  advan- 


FlG.  8.— NOBTH-EAST  COAST  HiGH-PKESSUUK  DiSTillBUTION  SYSTKM. 

NoTK. ― Generatint;  stations  shown  cross-hatched. 

tages  are  given  in  Mr.  Wedmore  &  recent  paper,  the  split-con- 
ductor system  being  finally  recommended  as  the  more  suitable 
for  feeder  protection. 

It  is  probable  that  one  or  other  of  them  would  be  univer- 
sally used  if  it  were  not  that  there  is  often  an  impression  that 
they  involve  extra  capital  cost  which  is  not  ju.stified  by  the 
extra  security  they  give.  Undoubtedly  they  increase  the  cost 
per  mile  of  a  main  of  given  section,  but  this  is  counterbalanced 
by  the  saving  effected  by  the  possibility  of  using  an  intercon- 
nected system  which  allows  of  :  {a)  A  reduction  in  the  cost  of 
inaiiitt  due  to  the  saving  in  spare  feeders.  {It)  A  reduction  in 
the  cost  of  mains  due  to  the  possibility  of  replacing  a  number 
of  small  feeders  by  a  few  large  ones  which  are  cheaper  per 
ampere  of  carrying  capacity,  {c)  A  reduction  in  the  am  aunt 
of  switchgear  required,  (d)  A  reduction  in  the  total  annual 
cost  af  mains,  owing  to  it  being  possible  to  take  advantage  of 
the  diversity  between  the  demands  of  different  sub-stations. 

The  extent  t.o  which  a  system  may  be  safely  interconnected 
by  the  use  of  these  devices  is  shown  by  Fig.  8,  which  illustrates 
diagram matically  the  higli-pressure  distrib ution  system  on  the 
North-east  Coast.  No  less  than  350  sub-stations  are  connected 
to  this  system,  and  it  is  fed  by  15  power  stations,  many  of 
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which  utilise  waste  energy  in  the  form  of  exhaust  steam  and 
coke-oven  gas.  The  whole  of  the  feeders  shown  are  normally 
in  commission  and  interconnected,  the  older  ones  being 
equipped  with  balanced-current  protection  and  the  more  recent 
ones  with  split-conductor  protection.  As  showing  the  relia- 
bility of  both  these  forms  of  protection  the  operating  records 
of  this  system  show  that  over  a  period  of  time,  selected  quite 
at  random,  faults  occurred  on  23  feeders  equipped  with  auto- 
matic protection,  and  that  in  22  cases  the  faulty  feeder  was 
instantaneously  isolated  without  causing  an  interruption  of 
supply  to  a  single  sub-station  except  in  one  instance  where  the 
sub-station  in  question  was  given  a  iion-duplicate  supply 
through  the  faulty  feeder.  In  the  remaining  case,  although 
the  protective  gear  operated  satisfactorily,  one  of  the  feeder 
switches  failed  to  open  due  to  a  mechanical  fault  ；  this  was 
equivalent  to  a  bus-bar  fault  and  brought  out  the  overload 
gear  at  two  sectioning  points,  thus  limiting  the  trouble  to  this 
section  of  the  system . 

In  the  following  investigation  an  attempt  is  made  to  give 
definite  figures  for  the  saving  effected  by  an  interconnected 
system.  These  figures  show  that  the  saving  is  not  only  suffi- 
cient to  balance  the  cost  of  the  special  protective  device's,  but 
that  a  system  so  equipped  i&  actually  cheaper  than  systems  pro- 
tected by  less  efficient  methods  which  do  not  give  the  same 
freedom  from  interruptioxi  of  supply. 

In  order  that  the  results  may  be  on  tlie  conservative  side 
the  extra  cost  of  the  special  protective  devices  ha&  been  taken 
at  10  per  cent,  on  the  switchgear,  including  building  accom- 
modation, and  at  two  shillings  per  yard  on  the  mains，  whioh  is 
sufficient  to  cover  the  cost  of  balanced-current  protection  and 
decidedly  more  than  sufficient  to  cover  the  cost  of  split -con- 
ductor protection.  In  the  first  place,  a  comparison  will  be 
made  between  the  three  types  of  system  that  are  available  in 
the  case  of  the  supply  to  a  number  of  sub-stations  the  supply 
to  which  must  be  reasonably  free  from  interruption.  These 
are : — 

(1)  An  interconnected  system  equipped  with  balanced- 
current  or  split-conductor  protection,  which  ensures  complete 
continuity  of  supply  to  all  sub-stations  in  the  event  of  a  fault 
on  a  feeder. 

(2)  A  simple  radial  system  with  duplicate  feeders  direct 
from  the  power  station  to  each  sub- station,  equipped  with  time- 
limit  overloads  at  the  power-station  end  and  reverse -power 
relays  at  the  sub-station  end.  This  limits  the  risk  of  inter- 
ruption to  the  sub-station  fed  by  the  faulty  feeder  and  has 
been  adopted  for  important  supplies  such  as  that  to  the 
London  Underground  Railways.  Owing  to  the:  defects  of  the 
reverse-power  relay  it  cannot  ensure  complete  continuity  of 
supply  to  the  sub-station  affected. 

(3)  A  series  radial  system  with  duplicate  feeders  to'  each 
sub-station  protected  as  in  (2),  but  with  direct  feeders  from  the 
power  station  to  only  half  the  sub-stations,  each  of  these  in 
turn  feeding  one  of  the  remaining  sub- stations.  This  involves 
graded  overload  gear,  and  a  faulty  feeder  may  shut  down  both 
the  sub-stations  in  connection  with  it  and  will  probably  shut 
down  one  of  them  ；  it  is  therefore  only  permissible  where  con- 
tinuity of  supply  is  not  of  such  vital  importance. 

For  the  purpose  of  the  comparison  a  typical  case  is  assumed 
of  an  area  of  25  square  miles'  with  the  power  station  at  the 
centre  and  a  sub-station  with  a  maximum  load  of  500  kw.  at 
0  8  power  factor  and  a  load  factor  of  30  per  cent,  situated  at 
the  centre  of  each  square  mile,  the  distribution  being  effected 
by  underground  mains  at  6,000  volts.  It  is  assumed  that 
owing  to  the  diversity  between  the  various  sub-station  loads 
the  power-station  load-factor  will  be  50  per  cent.,  and  the 
average  feeder  load -factor  on  an  interconnected  system  40  per 
cent.  The  average  maximum  feeder  currents  are  therefore 
deduced  by  assuming  the  sub-station  maximum  demand  to  b© 
reduced  in  the  ratio  of  the  sub-station  load-factor  to  the 
average  feeder  load-factor.  This  only  holds  for  the  intercon- 
nected system,  but  in  the  first  instance  the  same  reduced  sub- 
station demands  will  be  taken  for  other  types  of  system,  i.e., 
the  advantage  which  an  interconnected  system  gains  from  its 
utilisation  of  diversity  is  neglected. 

The  annual  cost  per  switch  panel  is  taken  from  Fig.  12, 
and  the  annual  cost  of  the  mains  from  Fig.  7，  the  proper 
deductions  being  made  in  the  case  of  types  (2)  and  (3)  for  the 
omission  of  the  special  protective  devices.  Table  I.  gives  the 
comparison,  while  the  diagrammatic  lay-outs  of  the  three  types 
of  system  are  shown  in  Fig.  9  (ct),  (&),  and  (c). 
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Fig.  9.~DlAGllAMMATIC  LAY-OUT8  OF  DlSTKIBUTIUN  SYSTEMS. 

Table  II.  gives  a  comparison  of  these  systems  with  the 
interconnected  system,  and  it  is  interesting  to  note  that  the 
latter  is  still  cheaper  in  spite  of  the  great  sacrifices  in  security 
entailed  by  the  "  tee  ，，  systems. 

Table  II. 


Type  of  system. 

Reference 
to  Figs. 

Number 
of 

switches 

Mileage 

of 
mains. 

Annual 
costs. 
£ 

Percentage 
inwa-«(、d 
cost  over 
intercon- 
nected 
system. 

Interconnected  . … 
Semi-duplicate  "tee" 
Change-over  "  tee  " 

— - - — - -—— - 

64 
80 
50 

寸寸 

\o  V  :j 

15-3 
0-8 

The  foregoing  comparison  proves  that  the  interconnected 
system  is  the  most  economical  for  the  particular  case  which  has 


(3)  The  area  of  supply  extended  to,  say,  49  square  miles 
with  the  same  density  of  load  and  a  correspondingly  increased 
number  of  sub-stations  supplied  from  the  central  jjower 
station,  as  shown  in  Fig.  9  (/)  and  (J).  A  further  extension  of 
the  area  of  supply  to  81  square  miles  has  also  been  worked  out, 
but  it  has  not  been  considered  necessary  to  complicate  Fig.  9 
with  details  of  this,  as  the  lay-outs  are  similar  to  those  for  the 
49  square  miles.  There  is  no  need  to  consider  a  reduction  in 
the  area  of  supply  as  this  is  already  quite  small. 

(4)  The  original  distribution  of  sub-stations  but  with 
increased  or  reduced  loads  per  sub-station,  the  alternative 
loads  considered  being  250  kw.，  1,000  kw.，  and  2,000  kw.  The 
arrangement  of  feeders  remains  the  same  for  the  series  radial 
system,  as  a  cable  capable  of  dealing  with  the  load  of  two 
2,000  kw.  sub-stations  in  emergency  is  not  too  large  to  he 
handled.  For  the  interconnected  system  it  is  necessary  to  run 
more  feeders  from  the  power  station  to  deal  with  the  heavier 
loads,  the  feeder  arrangements  which  would  be  adopted  for  the 
1,000  kw.  and  2,000  kw.  sub-stations  being-  shown  in  Fig.  9 
(/■)  and  (/)  respectively. 

Tlie  details  of  the  comparison  are  given  in  Table  III.  The 
outstanding  features  of  this  ('omparison  are  :  (a)  The  economy 
of  the  interconnected  system  is  generally  maintained,  (h)  The 
saving  effected  by  an  intercoiniected  system  rapidly  increases 
as  the  area  of  supply  is  enlarged.  This  is  important  as  only 
relatively  restricted  areas  have  been  considered.  (r)  The 
saving  is  greatest  for  lightly-loaded  sub-stations  and  decreases 
as  the  sub-station  loading  increases.    In  the  case  of  the  most 


feeder  fault.  In  either  case  supply  is  automatically  main- 
tained to  half  the  sub-station  bus-bars,  and  by  opening  the 
faulty  feeder  switch  and  closing  the  sectioning  switch  complete 
supply  to  the  sub-station  can  be  resumed. 


Table - 


Type  of  system. 

Reference 
to  Figs. 

Number 
of 

switches 

Mileaee 

0 广 
mains. 

Annual 
costs. 
£ 

Percentage 
increased 
cotst  over 
intercon- 
nected 
system. 

Jnterconnected  . . 

9(") 

64 

32  *0 

4.752 

Simple  radia! . . . . 

9(6) 

96 

93-7 

7， 鎖 

01  -3 

Series  radia  I  .... 

9(c) 

96 

61  -2 

6,015 

27  -8 

111  I'ertaiii  cases  where  momciit ary  inliM  nipl  ion  of  supply  is 
not  of  (J  re  at  import  anco  a  "  tee  "  system  has  been  used, 
arranged  as  shown  in  Fig.  9  "/).  Each  sub-station  is  normally 
(riven  a  iion-dn|vlicate  supply  from  one  of  the  feeders,  and 
arr»ni^enients  aro  made  for  the  sub-station  to  be  changed 
over  to  the  other  feeder  in  eniergem'y,  thus  involv- 
ing a  complete  temporary  iiiterru])tioii  in  the  supply 
to  all  the  sub-stations  fed  by  the  faulty  feeder.  In 
a  modification  of  this  system  both  tees  into  the  sul)- 
station  are  normally  closed  through  switches  equipped 
with  tinie-liiiiit  、i^e;u'，  but  the  sul)- station  bus-bars  are  sectioned 
by  a  special  switch.  The  sectioning  switch  may  be  either  left 
open  or  it  may  be  closed  and  equipped  with  instantaneous 
overload      a r  so  that  it  will  immediately  trip  in  case'  of  a 


lu'cii  selected  as  l.vj'iral  ;  Iml  in  ('r'Irr  In  make  tlic  iiivehtiga- 
tion  complete  it  is  iicccsHary  to  show  that  tUis  superiority  still 
holds  under  other  conditions,  and  accordingly  the  i"tiir(，o"- 
"ected  system  will  be  compared  with  ilie  cheapest  system 
giving  reasonable  security  of  supply ― the  series  radial  sysUjin 
― under  various  modified  cDiidilions  which  may  ohtfiin  iti  prac- 
tice.   These  are  : ― 

(1)  The  same  "umbei.  of  sub-stations  distributed  one  mile 
apart  in  a  ring  round  the  power  station,  or  in  lin©  one  mile 
apart  with  the  power  stat ion  at'  the  centre,  as  shown  in 
Fig.  9  (r),  (f),  (,/),  and  (//). 

(2)  The  area  of  suj)]>ly  extended  or  decreased  with  the  same 
number  of  sub-stations  and  the  same  total  load  on  tlie  system, 
,'.,'.，  the  sub-stations  situated  at  the  increa^sed  and  decreased 
spaciiigs  of  one  per  4  square  miles  and  four  per  square  mile 
respectively,  instead  of  one  per  square  mile,  the  load  per 
sub- station  remaining  the  same. 

Table  III. 


Nature  of  luorliflcation 
to  tliu  tyiiical  system. 


Type  of  systom. 


Interconnected 
Series  radial 

Interconnected 
Series  radial 

Interconnected 
Series  radial 

Interconnected 
Series  radial 

Interconnected 
Series  radial 

Interconnected 
Series  radial 

Interconnected 
Series  radial 

Jnterconnected 
Series  radial 

Interconnected 
Series  radial 


(/) 
iff) 

w 
{«) 


(c) 

('■) 
0') 


ilc) 
(c) 

(I) 


04 
96 

66 
9fi 

64 
96 

61 
96 

128 
192 

192 
320 

64 
96 

(54 
90 

80 
96 


8,179 
10,977 

11,508 
15,644 

8,736 
11,103 

2,760 
3,562 

11,108 
16,135 

20,521 
33,124 

3,900 
5,295 

6,533 
7,721 

10,469 
10,572 


34  -2 
35-9 

27-1 

29  -0 
45-2 
61  -1 
33-7 
18-2 
1  -0 


iSuh-stations  distii-  \ 
buted  ill  ring.  f 

Sub-stations  distri-  \ 
buted  in  line.  f 

Sab-stations  spaced^ 
one  per  4  square 卜 
miles.  J 

Sul)-.stations  spaced  j 
four  per  square 
mile. 

Area  of  supply  in- 
creased to  49 
square  miles. 

Area  of  supply  in- 
creased to  81 
square  miles. 

Sub-station  load 
reduced  to  250 


Sub-station  load  in- 
creased to  1,000 
kilowatts. 

Sub-station  load  in- 
cioased  to  2,000 
kilowatts. 


54  -6 
115-9 

84 
168 


64  -0 
122  -4 

16-0 
30'-6 

69-0 
166 -9 

120-8 
347-7 
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II.  (' )  The  Most  Suitable  Distribution  Voltage. 一 In  settling 
the  distribution  voltage  the  primary  consideration  is  that  it 
shall  be  sufficiently  high  to  ensure  that  the  voltage  variation 
at  the  boundaries  of  the  supply  area  can  be  kept  within  a 
reasonable  amount  without  putting  an  excessive  amount  of 
copper  in  the  feeders.  It  is  usually  desirable  that  the  voltage 
variation  should  not  exceed  5  per  cent,  either  sick'  of  the 
normal,  i .f'.、  a  total  of  10  per  cent.,  and  from  this  about  2A  pei 


Table  IV. 


Distribution 
voltaj,'e. 

Interconnected  system. 

Series-radial  system. 

Percentage 
increased 
cost  of  series 
radial  system 
correspond  in 
interconnected 
system. 

Reference 
to  Fig.  9. 

Annual  cost. 

£. 

Reference 
to  Fig.  9. 

Anniial  cost. 
£. 

6,000 

(I) 

10,469 

10,572 

1  0 

】 1,000 

w 

7,634 

\c] 

9,295 

21  -8 

20,000 

(") 

7,984 

(0 

10,756 

34-8 

cent,  should  be  deducted  for  transformer  voltage-drop,  leaving 
a  permissible  maximum  drop  of  7^  per  cent,  in  the  high- 
pressure  mains.  Fig.  6  shows  that  under  the  same  conditions 
the  current  density  in  the  mains,  and  therefore  the  resistance 
voltage-drop  per  mile,  is  approximately  independent  of  their 
section.  The  actual  figures  taken  from  Fig.  6  are  given  in 
Table  V. 


Table  V. 


Type  of  main. 

Amperes  per  square  inch 
at  maximum  load. 

Resistance  voltage-drop 

between  phases  per 
mile  at  maximum  load. 

With  the 
economical 
loading. 

With 
decreased 
loading 
correspond- 
ing to 
5  per  cent, 
extra  cost. 

With  the 
economical 
loading. 

With 
decreased 
loading 
covrespond- 

ing  to 
5  per  cent, 
extra  cost. 

Underground  mains  up  to 

11,000  volts   

910 

635 

68-1 

47-5 

20,000-volt  underground 

mains  

1,190 

800 

88-8 

50-9 

Overhead    mains    up  to 

20,000  volts   

800 

540 

59 '9 

40  -4 

heavily  loaded  sub-station  it  would  appear  at  a  first  glance 
that  while  the  interconnected  system  may  have  other  advan- 
tages its  direct  economy  is  very  small.  This  is  only  apparent, 
for  in  the  first  case  the  saving  due  to  diversity  has  been 
ignored,  and  secondly  it  will  be  found  on  investigation  that  a 
])oint  has  been  reached  at  which  distribution  at  so  low  a 
voltage  as  6,000  is  uneconomical.  The  question  of  the  most 
economical  distribution  voltage  will  be  considered  further  at  a 
later  stage,  but  it  may  be  noted  now  that  with  a  sub-station 


Wing  LdSTng-         Power  factor  of  load 


Fig  10. ― Effect  of  Inductive  Drop  at  Different  Power  Factors  fob 
Various  Mains. 

loading  as  high  as  2,000  kw.  the  distribution  system  costs  371 
per  cent,  more  at  6,000  volts  than  it  would  at  11,000  volts, 
while  if  a  pressure  of  11,000  volts  were  adopted  the  inter- 
connected system  would  show  a  saving  of  21'8  per  cent,  com- 
pared with  a  series  radial  system  at  the  same  voltage. 

The  possible  further  savings  which  may  be  effected  if 
diversity  is  taken  into  account  have  been  considered,  and 
without  going  into  details  of  the  calculation  it  may  be  taken 
as  adding  something  of  the  order  of  4i  per  cent,  to  the  cost  ot 
a  simple  radial  system,  and  rather  less  to  the  cost  of  a  series 
radial  system . 

When  comparing  an  interconnected  system  with  other 
types,  two  further  points  must  also  be  borne  in  mind.  (1)  It 
is  a  very  difficult  matter  exactly  to  forecast  sub-station  maxi- 
rnuin  loads  or,  as  in  the  case  of  railways,  definitely  to  fix  the 
allocation  between  the  various  sub-stations.  If  the  sub- 
stations are  fed  independently  it  is  obvious  that  in  proportion- 
ing feeders  to  them  allowance  must  be  made  for  the  assumed 
maximum  loads  being  exceeded  or  varied,  while  if  the  sub- 
stations are  interconnected  the  particular  distribution  between 
the  sub-stations  does  not  greatly  matter  so  long  as  the  total 
system  load  is  unaltered.  (2)  The  greater  part  of  the  saving 
effected  bv  an  interconnected  system  is  in  the  trunk  feeders, 
and  in  consequence  it  is  more  marked  the  f arflier  the  power 
stations  are  removed  from  the  centres  of  load.  In  the  above 
comparisons  the  power  station  has  been  taken  at  the  electrical 
centre  of  gravity  of  the  load  and  therefore  at  the  least  favour- 
able position  for  the  interconnected  sy stern . 

So  far  the  investigation  has  been  limited  to  tlic  compara- 
tively low  voltage  of  6,000  ；  but,  speaking  generally,  the 
higher  the  system  voltage  the  {greater  is  the  economy  to  be 
obtained  by  intercon nection.  This  is  obvious  if  it  is  rem eni- 
bered  that : ― 

(o)  The  higher  the  voltage  the  less  is  t lip  proportionate  cost 
of  the  protective  devices,  which  is  pract ically  independent  of 
the  voltage. 

(h)  The  higher  the  voltage  the  smaller  is  the  section  of 
the  mains  for  given  loads,  and  consequently  the  greater  the 
;id vantage  offered  by  intercoiniert.ion  in  reducing  the  total 
length  of  mains  and  increasing  their  average  capacity. 

This  is  shown  very  clearly  "by  Table  IV. ，  which  gives  the 
comparison  at  various  distribution  voltages  between  t'he 
annual  costs  of  interconTierled  and  series  radial  systems  for 
the  typical  distribution  of  sub-stations  and  a  load  of  2,000  kw. 
per  sub-station. 


Distribution  volta.g'e 

Fig.  11.— Radius  and  Area  op  Distribution  at  Various  Voltages. 

Permissible  drop.  7^  per  cent.     Frequency.  50  cycles.     Average  power 
factor.  0  8.    Equal  lengths  of  underground  and  overhead  mains. 

As  the  power  factor  of  most  distribution  systems  is  less 
than  unity  it  is  also  necessary  to  take  account  of  the  inductive 
volt  age -d  ro]).  This  is  not  independent  of  the  section,  but 
given  the  current  density  from  Table  V.  and  the  frequency  of 
the  system  it  can  be  readily  calculated  from  t.he  size  and 
spacing  of  the  conductors.  Fi^.  10  shows,  for  several  typical 
sizes  of  both  underground  and  overhead  mains  at'  various 
voltages,  tlie  relative  amount  by  which  the  inductive  drop 
increases  the  total  voltage-drop  at  various  power  factors.  The 
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re  based  on  a  t'n'(】iu>i"'、'  of  '「)（、  cycles  per  second 
and  on  <a  constant  ciu'mil  density,  since  the  ocoiioitiical  value 
for  the  latter  is  imlejHMident  of  tlie  power  factor.  They  also 
assume  the  use  of  ordinary  3-coiiduotor  mains  ；  if  arranged  tor 
sj)lit-c()iidu('tor  protootion  the  inductive  drop  would  be  appre- 
ciably reduced . 

Tabi'e  VI. 
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It  is  evident  that  the  inaxinuim  radius  of  distribution  and 
area  of  supply  at  a  given  voltage  will  vary  according  to  the 
power  factor  of  the  system  and  to  the  various  factors  which 
determine  the  inductive  drop,  but  in  order  to  give  an  approxi- 
mate idea  of  the  relative  figures  for  the  niaxinnim  radius  and 
area  at  various  voltages  the  curves  given  in  Fig.  11  have  been 
prepared  on  the  following  assumptions  :  (1)  Permissible  voltage 
drop  7'5  per  cent.  (2)  Average  power  factor  0  8.  (3)  A  net- 
work compribing  equal  lengths  of  underground  and  overhead 
mains.  (4)  An  average  cross-section  of  main  of  015  sq.  in. 
(5)  A  frequency  of  50. 

It  is  interesting  to  note  that,  although  it  is  more  economical 
to  run  higher  voltage  cable  at  an  increased  current  density, 
the  curves  of  both  area  and  radius  have  still  a  steep  upward 
tendency  at  20,000  volts.  This  would  be  further  accentuated 
if  allowance  were  made  for  the  fact  that  the  average  cross- 
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Fig.  12.— Annual  Cost  of  Switchgear  per  Panel. 

section  of  main  tends  to  decrease  at  higher  voltages,  with  a 
corresponding  decrease  in  the  value  of  the  inductive  drop 
relative  to  the  resistance  drop. 

It  is,  however,  not  sufficient  to  settle  the  distribution 
voltage  on  the  basis  of  permissible  voltage-drop  alone.  It  is 
also  important  to  choose  that  voltage  which  gives  the  cheapest 
distribution  system,  and  from  this  point  of  view  it  may  often 
pay  to  use  a  voltage  much  higher  than  that  which  is  required 
by  the  conditions  of  voltage-drop.  Generally  speaking,  the 
higher  the  loads  which  have  to  be  dealt  with  the  higher  is  the 
economical  voltage  ；  but  it  is  also  necessary  to  take  into  con- 
sideration the  proportion  between  the  total  number  of  switches 
required  and  the  total  mileao^e  of  mains,  as  the  cost  of  switch- 
gear  increases  with  the  voltage.  Fig.  12  gives  fairly  safe 
figures  for  the  annual  cost  per  switch  at  different  voltages  on 
the  basis  of  annual  charges  of  8  per  cent,  on  the  switchgear 
and  til©  corresponding  building-  accommodation,  and  these 
figures  have  been  used  in  the  following  investigation. 

Taking  a  system  roniprising  24  sub-stations  evenly  spaced 
as  \n  Fig.  9  (,/)，  and  allowing  an  average  of  swik'hes  per 
sub-station  for  coni  rolling  the  steji-down  transformers,  the 
total  annual  cost  of  switchgear  and  mains  has  been  calculated 
for  various  distribution  voltages  and  various  sub- station  load- 
ings. In  addition  the  spacing  of  the  sub-stations  has  also 
been  varied  so  as  to  give  several  comparative  proportions 
between  the  number  of  switches  and  the  mileage  of  mains. 
From  these  results  the  series  of  curves  given  in  Fig.  1  3a  have 
been  plotted  showing  the  most  economical  voltage  under  the 
varvine:  conditions. 

It  will  he  seen  by  reference  to  Fig.  7  that  the  annual  costs 
of  mains  of  varying  sections  lie  approxiii^ately  on  straight 
lines,  fuid  it.  is  therefore  permissible,  by  platting  the  curves  in 


Ki^".  13 a  lo  ； I  k'lso  of  averat^e  (leMnands,  to  m ；， ke  the  rcHults 
a|)]>iical)l('  lo  any  arrangement  of  iu?t work  whatever  its  tyjm 
or  extent.  In  order  lo  find  the  most  economical  voltage  for  a 
given  distribution  of  loads,  the  procedure  would  tlion  U) 
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Fi«.  13a..— Economical  Distribution  Voltage. 
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assume  a  voltage  which  it  is  anticipated  will  be  about  correct, 
to  lay  out  the  distribution  system  on  this  basis,  calculate  from 
this  the  average  number  of  kilovolt>amperes  per  mile  of  main 
and  the  number  of  switches  per  mile  of  main,  and  then  from 
these  two  figures  find  from  the  curves  in  Fig.  13a  what  the 
most  economical  voltage  would  he.  If  the  original  voltage 
which  had  been  assumed  should  prove  to  have  been  so  incorrect 
that  the  arrangement  of  feeders  and  the  number  of  switches 
would  be  appreciably  altered  by  the  adoption  of  the  revised 
voltage,  it  may  be  desirable  to  lay  out  the  system  afresh  with 
the  revised  voltage  and  afterwards  check  the  results  again 
with  the  curves  in  Fig.  13a,  the  method  being  thus  one  of  trial 
and  error.  As  a  rule,  however,  the  first  voltage  assumed 
should  be  sufficiently  close  to  the  correct  figure  to  enable  the 
latter  to  be  obtained  by  the  first'  trial.  The  economical 
voltage  obtained  in  this  wav  must  of  course  be  always  checked 
to  ensure  that  it  also  meets  the  requirements  of  voltage-drop. 

In  order  to  give  some  idea  of  the  extent  to  which  the 
economical  voltage  can  be  departed  from,  the  curves  given  in 
Fig.  13b  have  also  been  calculated  ；  these  show  the  upper  and 
lower  limits  of  voltage  corresponding  to  an  increase  of  5  per 
cent,  in  the  cost  of  the  distribution  system.  The  limits  are 
fairly  wide,  but,  if  they  are  exceeded,  the  extra  cost  of  the 
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Fir. .  13b. -— Uppre  and  Lower  Limits  of  】）'stribtjtion  Voltage  fob  5  per 
Cknt.  Increased  Cost  of  Distribution  System. 

distribution  system  increases  at  a  cumulatively  rapid  rate. 
In  practice  it  is  advisable  to  adopt  a  voltage  in  the  neighbour- 
hood of  the  up])er  limit  in  order  to  keep  down  the  voltage-drop 
as  much  as  possible,  and  also  in  order  to  make  allowance  for 
the  increase  in  the  density  of  load  which  will  usually  occur. 

As  might  be  expected,  Fig.  13  shows  that  the  heavier  the 
loads  to  be  supplied  and  the  more  they  are  concentrated  the 
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hior]ier  is  the  most  econoinical  voltage.  It  should  be  noticed 
that  the  curves  show  no  signs  that  at  20,000  volts  the  niaxi- 
iMuni  (vonomical  voltai^e  has  been  reached,  provided  the  system 
loading  is  heavy  enough,  and  hence  for  the  larger  systems  of 
the  future  we  may  expect  that  for  econoinical  reasons  alone 
the  distribution  voltage  will  be  raised  above  20,000  volts. 

These  calculations  only  refer  to  underground  mains  ；  with 
overhead  mains  the  economical  voltage  will  be  higher,  since 
there  is  so  little  difference  between  their  cost  at  various 
voltages. 

In  order  to  see  what  are  typical  figures  in  actual  practice 
for  the  number  of  switches  per  mile  of  main  and  the  average 
number  of  kilovolt-a】nperes  per  mile  of  main,  the  accompanying 
table  has  been  prepared  for  two  typical  systems  for  which  the 
author  has  had  access  to  the  necessary  data,  and  as  a  matter 
of  interest  the  coi'responding  economical  and  limiting  values 
for  tlie  distribution  voltage  have  been  deduced  from  Fig.  13. 

Conclusion. ― So  many  factors  are  involved  that  it  has  only 
been  possible,  to  attempt  a  general  survey  of  the  problem  of 
high-pressure  distribution,  but  it  is  hoped  that  this  may  prove 
useful  as  a  starting  point  in  the  detailed  consideration  of  any 
particular  case. 

Theoretical  calculations  must,  however,  be  used  with 
caution.  The  results  of  the  graph  and  the  slide  rule  should 
always  be  considered  in  conjunction  with  the  results  of  prac- 
tical experience  and  the  whole  sifted  by  the  exercise  of  judg- 
ment, accuracy  in  which  is  the  true  test  of  an  engineer.  The 
followintr  paragraph  in  Prof.  Arthur  Schuster's  address  to  the 
British  Association  is  so  pertinent  to  the  subject  that  perhaps 
its  quotation  may  be  permitted  :  ~ 

" Why  does  a  theory  ever  fail,  though  it  mav  be  sound  in 
reasoning?  It  can  only  do  so  because  every  problem  involves 
a  much  larger  number  of  conditions  than  those  which  the 
investiijator  can  take  into  account.  He  therefore  rejects  those 
which  he  believes  to  be  uii-essential,  and  if  his  judgment  is  at 
fault  he  goes  wrong.  But  the  practical  man  will  often  fail 
for  the  same  reason .  When  not  supported  by  theoretical 
knowledge  he  g^eneralises  the  result  of  an  observation  or 
^^xperiment.  applyiner  it  to  cases  where  the  result  is  determined 
hv  ail  altoe^ether  different  set  of  conditions,  To  be  infallible 
the  theorist  would  have  to  take  account  of  an  infinite  number 
of  circumstances  and  his  ca】ru】at】*om  would  become  unmanage- 
able, whiln  the  experimenter  would  have  to  perform  an  infinite 
luimher  of  experiments,  and  both  would  only  be  able  to  draw 
correct  conclusions  after  an  infinite  laDse  of  time.  They  have 
to  trust  their  intuition  in  selecting^  what  can  be  omitted  with 
im DUTiity,  and  if  they  fail,  it  is  mainlv  due  to  tlie  same  defect, 
of  iudfrment.  And  so  it  is  in  all  professions:  failure  results 
from  the  omission  of  essential  considerations  which  change  the 
vepiie  of  the  prcblem/' 

In  conclusion,  the  author  wishes  to  record  his  obligations 
to  the  Npwcastle-upon-Tviie  Electric  Sin^nlv  Companv,  Ltd.. 
and  associated  i^ower  comnaiiies  on  the  "Morth- east  Coast,  and 
to  their  consulting^  fM，【d"pers.  Messrs.  M^rz  &  ATcT 乂 ell;ui-  for 
TT^nnissioTi  to  usp  Tnm'h  of  t1>e  data  on  whicli  the  conclusions 
of  tlie  paper  are  based  - 
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MECHANICAL,  1915. 

Carburetters  for  intcniul  fouilmstioii  motors.     Tiridget>ort  Bniss 

Compan  v.  IVMn. 
ClianKf*  specfl   drivin(,  fi:oa r.     PliiliDsoti,    Pliilipson.  <t  Pliilipson. 

5814. 

Internal-combust  ion  ciuriiies.     Addyniaii.  8110. 

Apparatus  and  nioa lis  for  iiicreasod  circnlatif)?!  in  'six'ani  lnu'lcrs. 

Cin-nlators,  Ltd..  Ross,  and  SHiofiold.  10004. 
\  ntornal  combustion  oni^ines  of  the  2 cyck*  typo.    Potter.    1 OOU!). 
TJnriKTs  for  C'()rni)ii,stil)Ie  fluid  mixtures.    Pease.    1 07()0. 
Ii)teriKil-c()ml)usti()n  ("igines.    Crossley  ^  Webb.  10787. 
Automatif  riveter  or  nowor  hammer.    Southard.  10854. 
Motor  road  vehicles.    Booth.  10890, 
T.Hthos.    Cracknoll  &  Hiilcook.  11009. 

Heat  exchangers  for  iiso  in  aDpa  ratiis  for  cooli'i:  liquids.     Va  r 

sons,  Howe,  &  Cof)k.    1  H)l 
Increasing    the   coni1)iist  ion    efficiency    ("    l(ir'i"i('ti  v('    in  I'liaccs. 

Eobinsoii.  11016. 


C;u'bim>tters.    Egoroff.  11023. 

Cai  Imretters  for  iiitt-nial coiiiimstion  t'ngiiit's.    Britton.  1:!339. 
Water  tiibo  steam  generators  with  siu)«'rli'.*aters.    Dor  nan.  15159. 
Stram    turbine    installation.       William   Beardmore  &  Co"  and 
Dornaii.  irm2. 

Twist  drills.    Wing  A:  O'Reill.v.    15608.  - 
Steam  stop  valves.    Bevis  &  Gibson.  1/5778. 

Locking  or  fastening  of  cams  to  rotating  shafts.  Hall  &  Bailey. 
1()182. 

Hall  ca^es  for  hall  boariii^s.  Soclcrlniul. 

Fluid-pressure  braking  apparatus.  Westiii(z;house  Brake  Com  pan  v. 
10608.  " 

1916. 

Carburetters  for  internal  coinlmstioii  engines.  F.  F  Stratton. 
.378. 

Carl)nretters  for  internal  comljustion  engines.  C.  G.  Neviitt, 
1152. 

Stuffing  boxes  and  packing  therefor.    A.  G.  Heggem.  1600. 
Combined  pressure  and  vacuum  relief  valves.     F.  M.  Timpson 

and  A.  Q.  Robertson.  1859. 
Fluid-cooled  internal-combustion  ('n—es.    E.  Bugatti.  1867. 
Annealing  furnaces.    L.  Steelman.  1882. 
Steam  superlieaters.    J.  Gordon.  3393. 

Ball  bearings.    Aktielmlaget  Svenska  Kullagerfabriken.  4007. 
Driving  gear  for  locomotives.    M.  L.  Davis.  4614. 
Packing  rings  for  pistons.    R,  Allen.  5149. 
Nut  locks.    G.  W.  Davis  and  C.  A.  Helmick.  6751. 
Lubricating  apparatus.    E.  K.  Wallace  and  J.  L.  Wallace.  684o. 
Carburetters  for  internal-combustion  engines.     8.  II.  Towusend. 
7276. 

Variable  or  change-speed  gearing.    D.  E.  Davies.  7988. 

ELECTRICAL.  1915. 

Insulators.    Akt.    es.  lirown^  jiovei'i—'  et  Cie.    15511  • 

Electrical  ignition  systems  for  internal  combustion  engines,  Kt't- 
terincr  &  Chryst.  7758. 

Cooling  or  ventilating  devices  for  dynamos.    MoiuL  10711. 

Process  for  electrolvtically  depositing  tin  on  iron.  Marino. 
11011.  '  ― 

Control  of  electric  motors.  Thomas  Broadl)pnt  &  Sons.  Ltd., 
British  Thomson-Houston  Company,  and  Wise.  11608. 

Electric  motor  control  systems.  British  Thomson  Houston  Com- 
pany. 11658. 

Elect romagnetically-opera ted  switches.    AVilkinsoii.  12379. 
Protective  devices  for  electric  systems.    British  Tlionison  Houston 

Company.  12747. 
Braking  electric  motors  actuating  lifting  and  hauling  apparatus. 

Maschinenfahrik.  Oei'likoii.  17419. 

1916. 

Safety  devices  for  electricallyonorMtod  lifts.    J.  T.  Clarke.  117(5. 

Electric  motor  pump.    S.  Kawakami.  1526. 

Sparkiiitr  pings.    W.  J.  Mellersh  Jackson.  2020. 

Electrical  .systems  for  internal  combustion  engines.     C.  F.  Ket 

terin^  and  W.  A.  Chryst.  5841. 
Electrical  connecting  devices.    Siomons  Scluicki^rtuorke  Gos.  G977. 
Secondary  batteries.    W.  J.  Mellersli-Jackson.  75(57. 


METAL  QUOTATIONS. 

TUESDAY,  AUCiUST  l,Vm. 


Aluminium  ingot    ―   per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  ，， 

',        sheets       ,,  ,,   ，，  一  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   l/3f  per  lb. 

，,    tubes  (brazed)    1/4 J  ，， 

"        ，， (solid  drawn)    1  /2J  ，， 

，，       ，，    wire    1/2J  ，， 

Copper,  Standard    £116/-/-  per  ton. 

Iron,  Cleveland    87/6  " 

，， Scotch   ―  ，, 

Lead,  English   £31/—/—  " 

，， Foreign  (soft)   £30〉—/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，,  ，，       "         medium    3/6  to  6/-  " 

，，  ，，        ，，         large    7/6  to  14/— ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    31  |d.  per  oz. 

Sj>olt(^r  ( Ainorican)   £44/—/-  per  ton. 

Tin,  block    £172/10/-  per  ton. 

Tin  plates,  I.C   30/—  per  box. 

Zinc  sheets    £72  per  ton. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing ,  when  we  took  him  underhand. 
Now  a  smile  he's  always  wearing,  he's  found  "NONLEAK  "  will  stand. 


WHY   NOT  WEAR  A 


NONLrAK  JOINTING 

IHUIllLtArV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BIUTI8H  UAEEl 


FREE  FROM  LEAJ)  1 

IMPROVES  WITH  AGE  1 


TESTING  SAMPLES. 


WILL  NEVER  BLOW  OUT,  SOAI^.  OR  ROT. 


J.  E.  TURNER  &  CO.,  Ltd.,  SqI.  Maker..  ^„^6ko^l^^''^rH.. 


The  Practical  Metallography 
of  Iron  and  Steel. 


By  JOHN  S.  G.  PRIMROSE,  a.r.t.c.  a.i.m.m  .m.i. 

Ijecbarer  on  Metallurgy,  and  demonstrator  on  Metallography  at  the 
Royal  Technical  College,  Glasgow. 

Price  38.  3d.  Post  Free. 


M. 


Every  Iron  and  Steel  Works  should  be  provided  with  a  nietalloeraphic  laboratory 
with  a  suitable  equipment  in  which,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  improved,  and  that  this  may  be  efficient,  every  worker  should 
be  familiar  with  the  principles  on  which  the  researches  are  based.  This  book  has 
been  prepared  for  the  use  of  those  who  are  commencing  the  study  of  metallography. 
The  work  is  a  thoroughly  practical  one,  theoretical  considerations  being  made  as 
brief  as  possible.  The  contents  comprise  exhaustive  chapters  on  Microstructure 
of  Iron  and  Sfceel  ；  Constitution  of  Iron  and  Steel  ；  Heat  Treatment  of  Iron  and 
Steel ;  Micrograpbic  Examination  of  Failures  ；  Metallographic  Apparatus  and  its 
Manipulation. 


THE  SCIENTIFIC  PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  Manchester, 


Vol.  38,  No.  970 


Edited  by 
WILLIAM    H.  FOWLER, 


Telegrams :  •* Scientific,** 
Telephone  No.  6655  City. 


. Sc..  M.Inst.C.E. 
Manchester. 


SUBSCRIPTION  RATES- 


United  Kingdom  :  12 / 6  per  aim u  111 ,  post  free. 
Canada  :  14/6  per  annum,  post  free. 
Anywhere  Abroad  : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ,，  ，，  Thick  " 

*  Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  aiinu al  subscriptions  include   a   Free   Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Publishing  Company,  and  forwarded  to  our  Manchester  Offic€， 
53，  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 

Industrial  Diseases  of  Iron  and  Steel  Workers. 

It  is  often  erroneously  assumed  that  the  working  conditions 
in  a  coal  pit  are  more  inimical  to  health  and  longevity  than 
almost  any  other  trade.  That  tlie  work  is  grimy  and  arduous 
goes  without  saying,  but  statistics  show  that  taking  into 
account  the  daily  toll  of  minor  accidents,  and  the  occasional 
calamities  from  explosion  that  stun  the  public  by  their  magni- 
tude, tlie  average  length  of  life  of  coal  miners  compares  very 
favourably  with  those  engaged  in  the  manufacture  of  iron  and 
steel.  There  are  seldom  any  sensational  calamities  to  record, 
but,  the  insidious  action  of  diseases  of  the  heart  and  lungs  are 
greatly  acceiituated,  and  in  the  aggregate  produce  more 
disastrous  results.  Al  every  stage  of  life,  says  the  Registrar- 
General  in  his  annual  report,  the  death  rate  amongst  iron  and 
steel  workers  exceeds  the  average  for  metal  workers  generally 
ill  the  main  working  period  of  life  (viz.,  from  25  to  65  years) 
by  18  per  cent.  Dr.  J.  W.  Edwards,  of  Middlesbro',  in  an 
address  to  the  British  Medical  Association,  made  the  subject, 
which  is  of  special  importance  to  that  centre  of  iron  and  steel 
industry,  a  matter  of  analysis,  and  the  results  of  his  researches 
are  instructive.  Briefly,  the  primary  causes  of  the  excessive 
mortality  are  the  working  in  high  temperatures  witli  alternate 
exposure  to  cold  currents  of  air,  and  of  fiery  sufTocating  gases, 
coupled  with  the  inhalation  of  dust,  excessive  fatigue,  careless 
habits,  bad  housing,  and  intemperance  in  food  and  drink.  Of 
the  latter  especially  he  has  some  pertinent  remarks  which  it 
is  to  be  feared,  however,  so  far  as  the  workers  tiieniselves  are 
concerned,  will  fall  like  seed  on  stony  ground,  so  engrained 
do  persona]  habits  become  and  so  difficult  are  the  prejudices 
of  ignorance  to  surmount.  There  is  an  inveterate  belief  that 
for  hard  physical  work  a  large  consumption  of  animal  food 
is  necessary.  That  a  greater  quantity  may  be  advantageous 
where  meal  times  are  limited  may  be  admitted,  but  the  best 
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authorities  are  agreed  t  hat  animal  food,  under  our  climatic 
conditions,  is  not  so  imperative  as  many  workmen  think.  The 
enormous  increase  in  its  coiisiun])tion  is  a  phenomenon  of  the 
present  generation,  and  the  gain,  as  Dr.  Edwards  remarks, 
problematic.  Natives  of  many  other  countries  perform 
prodigious  tasks  on  a  diet  into  which  meat  scarcely  enters, 
and  the  popular  notion  tliat  health  and  strength  are  in  pro- 
portion to  the  atnount  of  beef  a  man  consumes,  especially  when 
washed  down  with  beer,  is  quite  wrong.  The  immediate  results, 
as  medical  men  know  only  too  well,  are  dyspepsia,  lassitude  of 
the  animal  organs,  and  eventually  chronic  disease.  It  is  difficult 
to  touch  upon  the  drink  question  without  seeming  to  be 
prejudiced,  so  closely  linked  with  it  are  traditional  beliefs, 
inherited  craving,  personal  tastes,  and  habit.  To  a  large  sec- 
tion of  workmen  it  is  an  article  of  faith,  unfortunately,  that 
beer  is  necessary  for  their  well-being,  and  that  nothing  can 
lake  its  place.  The  daily  experience  of  physicians  and  surgeons 
on  the  contrary  shows  that  owing  to  alcoholic  habits  diseases 
frequently  run  a  long  course  instead  of  a  short  one,  and  that 
often  recovery  does  not  take  place  at  all  counts  for  little 
in  overcoming  the  prejudice.  The  physiological  fact  remains, 
however,  that  alcohol  impairs  resistance  to  disease  as  well  as 
mental  and  physical  efficiency,  and  the  more  iron  and  steel 
workers  can  be  made  to  realise  this  the  better  for  their  welfare. 
Alcohol,  of  course,  is  not  the  only  predisposing  cause  to  ill- 
health.  Bad  housing  is  another  large  factor.  It  is  not 
uncommon  for  families  of  five  or  six  persons  to  be  housed  in 
a  cottage  with  four  or  five  poky  rooms,  none  of  which  contain 
adequate  breathing  space,  and  it  is  not  surprising  that  with 
a  cramped  outlook  on  life  men  coming  off  duty  tired,  cold, 
and  hungry,  and  little  to  attract  them  to  their  comfortless 
home,  turn  into  the  brilliantly-lighted  public-house  on  their 
way,  where  companionship  and  alcoholic  stimulants  lead  them 
to  stay  often  in  damp  working  clothes  for  hours  after  they 
should  have  been  changed,  and  the  body  refreshed  with  whole- 
some food.  It  is  little  wonder  then  that  tissues  are  ill-repaired, 
nerves,  little  refreslied,  and  that  repetition  of  the  same  dull 
round  impairs  the  powers  of  resistance  to  the  diseases  ever 
ready  to  pounce  on  the  enfeebled  or  the  careless  who  ignore  the 
risks  attending  sudden  diills,  poisonous  gases,  unsuitable  food, 
or  excessive  indulgence  in  alcohol.  A  contemplation  of  the 
above  suggests  many  directions  in  which  reforms  are  possible. 
Personal  errors  in  eating  and  drinking  are  largely  the  products 
of  ignorance  and  can  only  be  combated  by  persistent  educa- 
tional effort,  and  tlie  fact  that  the  results  of  this  are  often  so 
slow  as  to  appear  ahnost  imperceptible  should  not  deter  its 
exercise.  Much,  however,  can  be  done  to  make  the  lot  of  the 
worker  both  during  his  daily  toil  and  in  his  intervals  for 
repose  more  enjoyable.  Many  employers  are  providing  greater 
conveniences  for  cleanliness  and  recreation  in  the  shape  of 
baths,  social  clubs,  and  suitable  provision  for  meals.  The 
Munitions  department  has  set  a  praiseworthy  example  in  this 
direction,  and  the  lead  will,  doubtless,  be  more  extensively 
followed.  Everything  which  tends  to  increase  the  workman's 
self-respect  and  contentment  is  an  incentive  to  good  health, 
and  to  that  extent  a  valuable  national  asset  worth  striving  and 
paying  for. 


FETTERS  TWO-CYCLE  OIL  ENGINE. 

The  accompanying  illust  rations  diow  a  design  of  2-cycle 
internal-combustion  engine,  the  invention  of  Mr.  E.  W.  Petter, 
Nautilus  Works,  Yeovil,  Somerset,  of  the  kind  in  which  air 
is  compressed  in  the  crank  case  of  the  engine  by  the  down- 
ward thrust  of  the  piston,  a  portion  of  the  compressed  air 


being  conducted  to  the  cylinder  and  there  utilised  to  support 
combustion,  the  other  portion  being  employed  to  force  the 
fuel  that  has  been  drawn  into  the  nozzle  from  the  fuel  cham- 
ber during  the  suction  period  of  the  crank-chamber  cycle, 
into  the  cylinder  at  the  same  time  as  the  inlet  port  is 
uncovered  by  the  piston. 

Fig.  1  is  a  sectional  elevation  of  the  engine,  Fig.  2  is  a 
detail  of  the  valve  G,  and  Fig.  3  shows  the  valve  in  another 
position.  The  engine  comprises  any  desired  number  of 
cylinders  A，  disposed  vertically,  and  each  provided  with  an 
independent  crank  chamber  B  connected  to  the  combustion 
chamber  of  the  corresponding  cylinder  by  air  passage  C, 
opening  into  the  cylinder  at  D.  The  lower  face  of  each 
piston  E  acts  in  the  known  way  as  a  pump  to  draw  air 
through  the  valve  F  into  the  crank  case  B  on  its  up  stroke, 
and  to  compress  it  therein  on  its  down  stroke.  The  connec- 
tion between  each  crank  case  and  the  corresponding  air 
passage  C  is  regulated  by  a  valve  G  controlled  by  the  engine 
governor.  In  the  passage  C  is  a  fuel  nozzle  H,  which  projects 
into  the  cylinder  air  port  at  D.  Liquid  fuel  is  supplied  by 
the  pipe  K  to  the  reservoir  M  and  from  thence  hy  a  pipe  N 
through  the  chamber  O  to  the  nozzle  H.  A  non-return  valve 
P  is  disposed  in  the  chamber  O  and  a  hand-operated  valve  Q 
is  disposed  in  the  pipe  N  to  regulate  the  supply  of  fuel  to  tlie 
nozzle.  Between  the  nozzle  H  and  the  valve  Q  an  opening  J 
is  made,  communicating  with  the  air  space  around  the  nozzle. 
The  reservoir  M  may  be  provided  \、ith  a  float  if  desired  to 
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control  the  flow  of  liquid.  The  valve  G  may  be  provided  with 
holes  and  may  be  formed  with  curved  faces  R  and  S  working 
over  two  or  more  holes  T  to  regulate  the  quantity  of  air. 
The  small  holes  X  of  the  disc  valve  can  be  drilled  to  any 
suitable  size,  and  form  a  convenient  method  of  increasing  the 
air  supply  to  any  degree  which  may  be  found  necessary  wl'ieii 
testing  the  engine  in  order  to  correct  the  variations  and  in- 
accuracies which  arise  in  the  course  of  manufacture.  It  has 
the  advantage  that  the  additional  area  of  the  opening  thus 
secured  remains  constant  for  a  considerable  movement  of  the 
disc  valve  across  the  opening.  Fig.  3  shows  the  disc  valve 
moved  to  a  position  leaving  only  a  comparatively  small  open- 
ing in  the  port  hole.  U  is  a  lubricator  from  which  oil  is 
conveyed  to  the  crank  case  through  the  air  valve  F.  The 
inside  of  tlie  cylinder  head  is  shaped  as  at  V，  corresponding 
approximately  with  the  shape  of  the  deflector.  The  sparking 
plug  W  is  placed  at  a  point  where  tlie  explosive  mixture  is 
richest.  When  the  piston  is  up,  the  holes  at  H  and  J  in  the 
fuel  Tiozzle  are  acted  upon  by  the  vacuum  in  the  crank  case 
whereby  the  fuel  is  sucked  into  the  nozzle.  When  the  piston 
is  down,  the  pressure  on  the  crank  case  acts  through  the  hole 
J  upon  the  fuel  in  the  nozzle  and  drives  it  out  through  tli.^ 
hole  H，  which  is  subject  to  the  atmospheric  pressure  existing 
in  the  cylinder. 
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INSULATION  AGAINST  HEAT  AND  COU), 

i;v  i  .  1；.  II nw  l.KV. 

A  MATKKiAL  ov  iiicdium  wliich  letaids  conduction  and  reduces 
convection  ami  radiation  to  a  ininiimun  may  be  called  heat  or 
colli  insulation.  Heat  in^iilatit)n  l)i  iugs  to  niiiul  hair  felt  used 
m  biiildi"^  const nu'tioii,  oven,  pipe,  and  boiler  coverings. 
Cold  insulation  suggests  materials  used  in  refrigerating  work. 
When  clioosino^  a  material  for  a  definite  condition  we  are 
oovei  ned  bv  its  durability,  cost  and  insulating  value  or 
ellicieiu'v.  The  insulating  value  is  often  spoken  of  as  the 
co-eflicieiit  of  comlm'tivit v，  which  is  determined  almost  entirely 
in  the  laboratoi y. 

〃/•/〃  (f/u/  linilt  r  ( 'orerttif/s. —— Materials  for  this  ])urpose  are 
niiule  ill  1  wo  ways.  One  method  is  to  place  correct  proportions 
ot  t  lie  insulating  constituents  in  a  mould  and  bake  them  ;  the 
otlier  method  consists  of  building  up  insulation  by  uniting 
with  either  glue  or  stitching,  thin  layers  of  insulating  mate- 
rial. In  t he  latter  case,  pipe  covering  is  built  up  on  a  mandrel. 
The  materials  made  in  moulds  are  the  85  per  cent,  magnesia 
blocks,  moulded  asbestos  blocks  in  which  the  percentage  of 
magnesia  is  consideiably  less  (around  35  per  cent.),  infusorial 
or  diatoniaceous  earth  and  fire  felt.  The  other  type,  which  we 
have  termed  built-up/'  includes  such  materials  as  aircell, 
asbestocel,  indent,  carocel,  vitribestos,  pyrobestos,  sponge  felt, 
wool  felt,  and  hair  felt.  All  of  these  diffeient  types  of  insula- 
tion have  their  particular  places. 

H if/h-/^re.<sit re  / NstfJat io/t . —— Pipes  up  to  2iii.  as  a  rule 
should  be  insulated  with  l^in.  thick  covering.  Pipes  from 
2in.  to  4in.  inclusive  should  be  insulated  with  two  layers  of 
] in.  covering,  broken  joint  construction.  Pipes  4iin.  and  over 
should  be  insulated  with  two  layers  of  1  Mn.  covering,  broken 
joint  C'onHtniciion.  The  fittings  should  be  insulated  with 
material  similar  to  the  covering  and  finished  with  asbestos 
cement  having  a  canvas  jacket  neatly  pasted  over  them.  The 
type  of  covering  for  such  work  is  85  per  cent,  carbonate  of 
magnesia,  nonpareil  high -pressure  covering  and  sponge  felt 
covering.  Of  these  three  the  sponge  felt  possesses  a  great  deal 
inoie  durability  and  a  higher  insulating  value  than  the  others 
just  named. 

In  case  of  superheated  steam  lines,  a  material  such  as  fire 
felt  should  be  placed  next  to  the  pipe  in  order  that  the  severe 
heat  may  not  come  next  to  the  covering.  Sectional  insulation 
is  now  made  so  that  the  first  ^in.  or  -^in.  which  comes  next 
to  the  iron  is  this  material.  When  you  consider  that  a  tem- 
perature of  450"^  is  sufficient  to  start  calcination  in  the  case  of 
magnesia  I  think  you  will  appreciate  the  advisability  of 
using  a  covering  specially  designed  for  this  high  temperature 
work.  The  insulation  of  boilers  differs  so  widely  that  about 
all  I  can  say  is  the  insulation  on  a  boiler  should  be  equivalent 
to  and  preferably  better  than  that  used  on  the  largest  pipes. 

Jireerhi/ifj  and  ,S' —— The  exterior  of  flues  and  breeching 
may  be  insulated  with  materials  similar  to  those  for  high- 
pressure  pipe  lines.  In  case  the  temperatures  of  the  flue  gases 
are  severe  the  insulation  is  often  held  away  by  metal  studs 
approximately  lin.  in  length.  A  very  convenient  and 
economical  way  is  to  attach  the  metal  studs  to  wire  lathing 
and  then  apply  the  insulation  against  the  latiiing,  thus  mak- 
ing a  lin.  air  S})ace  between  the  metal  and  the  insulation. 

When  the  flue  gases  contain  chemical  elements  most 
destructive  to  iron,  then  it  is  wise  to  line  the  interior  of 
breeching  witli  either  vitribestos  or  pyrobestos.  This  material 
consists  of  aircell  sheets  vitrified  with  a  hardening  solution  so 
that  temperatures  as  high  as  700。  can  be  constantly  withstood. 
These  sheets  are  often  curved  at  the  factory  to  fit  various 
conditions,  and  in  the  case  of  stacks,  angle  irons  are  put  on 
3ft.  centres  liorizontally  and  the  sheets  are  then  placed  between 
t iiese  angles.  The  angles  are  drilled,  12in.  centres,  and  spikes 
are  then  driven  through  the  holes  into  the  sheets  which  holds 
them  rigid.  The  joints  and  the  iron  work,  left  exposed  after 
tlie  sheets  are  installed,  are  covered  over  with  a  special  cement 
which  will  harden  and  withstand  the  temperatures  to  be 
encountered. 

When  conditions  call  for  material  to  stand  a  temperature  of 
"lore  than  7()『 continuously,  these  sheets  are  often  covered 
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with  a  ii i^h  1  (Miiporal  1 1 re  cement,  approxiniritc^ly  I  in.  t  liick, 
wliich  will  wil  list  and  1 ,200  .  Sucli  const  l  ucl  ion  gives  a  well 
insulated  flue  for'  a  minimum  ('ross-se<'t ioiial  area  of  mat erial 
and  in  soine  cases  1 1 as  eliminated  t lie  necessity  of  forced 
山. aiigl". 

/, ''"'-/Vr. 、■•、'"  / (iihI  II ol -  \\  at  f  r  ///.、'〃〃〃"//. —— St  aiidaicl 
t  hick  magnesia  is  a  very  good  matei  ial  bot  li  for  the  boiler  and 
pipe  t'ovei'iiig,  provided  there  is  iiu  chance  for  dainat^e  beiii^ 
done  by  ladders,  tools,  or  other  power  plant  eqiiipinent . 
Magnesia  covering  and  blocks  are  very  fragile,  and  do  not 
stand  up  on  vibrating  pipes  or  severe  comlitions.  A  fine 
aircell  or  asbestocel  covering  is  recornineiided  in  case  the  work- 
ing conditions  are  rather  severe.  Tiiis  covering  should  be 
at  least  lin.  thick. 

( ' iulf'KfVouiul  Sfcd in  find  II of-  W iitt  r  /.i/trs. —— These  should 
be  carried  in  a  tile  conduit  laid  at  least  3 Ft.  below  the  surface 
o(  the  ground.  Pipe  should  be  supported  every  lift,  to  15ft., 
according  to  size  of  pipes,  on  rollers  so  that  the  expansion  and 
contraction  may  be  taken  care  of  without  strain  on  the 
fittings.  All  fittings  should  be  screwed.  4in.  tile  underdrain 
should  be  placed  below  the  conduit  to  carry  off  surface  water. 
The  pipes  inside  of  the  conduit  should  be  insulated  with  a 
good  grade  ot,  sectional  covering,  or  a  non -combustible  conduit 
filler  weighing  not  over  81bs.  to  the  cubic  foot,  should  be 
securely  packed  between  the  inside  of  the  conduit  and  the 
pipes.  It  is  good  engineering  practice  in  the  case  of  a  fill,  to 
allow  at  least  2iiii.  between  the  inside  of  the  conduit  and  the 
exterior  surface  of  the  pipe.  Two  pipes  are  carried  side  by 
side  in  whicli  case  there  should  be  an  inch  of  space  between 
the  pipes.  When  three  or  four  pipes  are  to  be  carried  it  is 
well  to  keep  the  two  largest  pipes  on  the  top  row,  as  a  return 
line  need  not  have  as  heavy  insulation  and  can  therefore  be 
placed  within  an  inch  of  the  bottom  of  the  conduit  ；  this  dis- 
tance should  be  greater  if  possible.  The  back  filling  should  be 
either  gravel  or  cinders,  and  carried  to  a  point  at  least  3in. 
above  the  horizontal  joint  of  the  conduit  in  order  that  surface 
water  may  not  stand  and  thus  work  its  way  through  this  hori- 
zontal joint.  The  expansion  of  the  pipe  should  be  taken  care 
of  every  200ft.  by  placing  in  a  manhole  either  a  U  bend  or 
expansion  sleeve.  The  insulating  efficiency  of  underground 
conduit  may  be  depended  upon  up  to  90  per  cent. 

Otif-of-Door  Stnt ni  Lintx. —— Out-of-door  steam  lines  should 
generally  be  insulated  with  twice  as  thick  a  covering  as  would 
be  used  on  the  same  pipe  indoors.  Protect  tlie  pipe  covering 
with  a  waterproof  jacket  of  asbestos  roofing,  sized  and  painted 
canvas,  or  galvanised  iron.  A  very  good  and  common  method 
of  insulating  out-of-door  steam  lines  is  to  use  the  same  kind 
and  thickness  of  covering  as  recommended  for  interior  work 
and  then  additionally  insulate  with  lin.  of  liair  felt  protected 
by  one  of  the  waterproofing  jackets  above-mentioned. 

Ot/f-of-Door  Water  Lints. — When  writing  specifications 
I'm'  covering  out-of-door  water  pipe,  the  size  of  pipe,  tempera- 
ture of  water,  and  velocity  of  water  must  be  taken  into  con- 
sideration. In  general,  however,  insulation  should  consist  of 
two  layers  of  lin.  hair  felt  securely  wrapped  around  the  pipe 
with  the  second  layer  breaking  all  joints  with  that  of  the  first. 
Asphalte  should  be  freely  used  to  seal  all  joints.  Over  the  last- 
layer  of  felt  place  two  layers  of  rosin-sized  paper  and  a  roofing 
jacket  securely  wired  on  with  copper  wire  and  all  joints  sealed 
tight.  Tt*  canvas  be  used,  instead  of  the  asbestos  roofing,  it 
should  be  at,  least  8oz.  duck  thoroughly  sized  and  painted  with 
lead  and  oil,  which  process  should  be  renewed  at  least,  every 
two  years. 

In  case  the  out-of-door  pipe  contains  still  water  and  must 
be  kept  from  freezing,  it  is  necessary  to  run  close  beside  a  low- 
pressure  steam  or  hot-water  pipe  and  insulate  as  follows : 
Around  the  pipes  apply  wire  lathing  held  lin.  from  the  pipes 
by  metal  studs  ;  over  this  apply  two  layers  of  lin.  hair  felt, 
breaking  joints,  and  one  layer  of  saturated  asbestos  felt  : 
cover  the  entire  insulation  with  one  layer  of  three-ply  roofing, 
cementing  all  laps,  and  additionally  secured  by  independent 
strands  of  copper  wire  Gin.  or  8iii.  apart.  A  strip  of  asbestos 
paper  should  be  placed  between  the  liot  water  or  steam  pipe 
and  the  liair  felt ;  this  paper  is  usually  inserted  between  the 
wire  lath  and  the  first  layer  of  hair  tell. 

Offf-of-Door  I/ist/lfifion  for  7V〃〃,..、'. 一  Around  the  top  of  tank 
and  a  rout  id  the  bottom  of    tank    securely    fasten    a  heavy 
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galvanised  wire  or  sheet  iron  strap.  Running  up  and  down  the 
tank  (fastened  at  the  top  and  bottom  of  this  wire  or  strap) 
place  barbed  wire,  approximately  2ft.  between  strands ;  around 
this  tank  wind  lin.  thick  hair  felt  held  firmly  against  the 
barbed  wire  with  heavy  twine.  Erect  against  this  lin.  hair 
fell  more  barbed  wire  running  vertically  and  spaced  approxi- 
mately 2ft.  between  strands.  Apply  second  layer  of  lin.  hair 
felt  securely  holding  same  in  place  with  heavy  twine,  this 
second  layer  to  break  joints  with  the  first  layer.  Cover  this 
insulation  witJi  three-ply  roofing  jacket,  all  joints  lapped  at 
least  3in.  and  sealed  tight,  this  roofing  to  be  securely  held  by 
galvanised  iron  bands  or  hoops  (approximately  an  inch  wide 
by  one-eighth  inch  thick),  and  made  tight  by  means  of  bolts  or 
turnbuckles.  The  top  or  roof  of  tank  should  be  insulated  with 
two  layers  of  lin.  hair  felt,  or  with  2 in.  thick  pure  cork  sheets 
secu rely  fastened  and  covered  over  with  roofing  above  specified. 

Cf)h/  11'"〃  /'，  Irt  Water,  Brine  and  A  nimoiiia  Pipe  Cover- 
in  —一 Covering  for  cold  water,  ice  water,  brine  and  ammonia 
pipes  consists  of  sectional  insulation  composed  of  either  wool 
felt,  hair  felt>  or  cork.  The  latter  is  manufactured  in  approxi- 
mately lin"  1  iin.,  and  Sin.  thicknesses.  The  other  coverings 
differ  in  thickness,  and  in  the  case  of  brine  or  ammonia  pipe 
the  hair  felt  and  wool  felt  roofing  insulation  is  built  up  on  the 
job,  by  winding  the  felts  (with  roofing  paper  between)  on  the 
pipe,  and  sealing  off  all  joints  with  brine  putty.  Where  t  lie  re 
are  many  fittings  the  hair  felt  is  the  best  proposition  from  both 
the  financial  and  durability  standpoint. 

Cold  Storage  Insulation.  —  Materials  most  frequently 
encountered  are  sawdust,  shavings,  mineral  wool,  scrap  felt, 
featliers,  cork,  cocoanut  fibre,  bicarbonate  of  magnesia,  infu- 
sorial earth,  hair,  and  wool.  Of  all  these  materials,  cork  stands 
pre-eminent,  as  it  alone  possesses  moisture-resisting  qualities, 
low  cost,  and  ease  of  application.  In  order  to  better  appre- 
ciate this  insulation,  let  us  consider  in  brief  the  history  and 
ruauufacture  of  cork  products. 

Cork. ― The  raw  product  is  the  bark  of  the  cork-oak,  a 
native  along  the  shores  of  the  Mediterranean  Sea,  also  exten- 
sively found  in  Portugal,  and  the  mountainous  sections  of 
Spain.  The  tree  grows  a  gnarly  bark  which  scales  off  from 
time  to  time  as  new  bark  forms.  At  the  age  of  30  years  the 
bark  is  of  sufficient  thickness  to  be  stripped.  Unlike  most 
trees,  the  removing  of  bark  aids  the  growth  and  prolongs  its 
life,  some  trees  living  more  than  300  years.  After  being 
removed  the  bark  is  weighed,  roughly  baled,  and  taken,  usually 
on  burrow-back,  to  a  central  station  where  it  is  boiled.  The 
boiling  increases  its  volume  approximately  25  per  cent.,  and 
takes  out  considerable  of  the  cl i rt  and  impurities.  The  bark  is 
then  scraped,  again  packed  into  bales  and  shipped  to  the 
manufacturers  of  cork  products.  The  best  material  is  used  for 
cork  stoppers  from  which  there  is  a  tremendous  amount  of 
waste,  60  to  70  per  cent.  This  by-product,  together  with  the 
coarser  pieces  of  bark,  go  to  plants  where  the  cold  storage  cork 
sheets  are  made. 

The  by-product  from  the  cork  stoppers  and  the  small 
pieces  of  coarser  bark  are  sorted  and  screened  into  uniform 
sizes  of  approximately  ^iii.  diameter.  None  of  the  outside 
bark  of  the  tree  is  used  as  it  lacks  elasticity  and  the  essential 
binding  properties.  After  the  cork  has  been  sized  and 
cleansed  (free  from  dust)  it  is  placed  in  steel  moulds  and  tliere 
compressed.  While  under  pressure  the  cork  is  thoroughly 
baked  and  tiien  gradually  allowed  to  cool.  This  baking  pro- 
cess drives  out  i he  moisture  and  causes  the  natural  sap  to  form 
a  glue  which  biiuls  all  the  particles  iiit o  a  homogeneous 
mass.  By  driving  out  this  moisture,  and  destroying  the  im- 
purities, by  the  heat  treatment,  rnore  air  cells  result  and 
consequently  a  more  efiicient  insulator  is  produced.  Turning 
the  sap  into  a  glue  greatly  increases  the  waterproofing  quali- 
ties, which  is  one  of  the  large  factors  to  be  thoughti  of  in 
choosing  an  insulating  material. 

After  being  removed  from  the  mould  the  edges  of  the 
cork  sheets  have  to  be  trim med  and  trued  up  which  makes  the 
finished  product  a  100  per  cent,  pure  sheet  of  cork,  3ft.  long, 
1  ft.  wide,  standard  thick nesses  of  2in.,  3in.,  or  4 in.  Other 
thicknesses  may  easily  be  had  by  sawing  these  standard  sheets. 
Other  forms  of  cork  board  are  made  where  the  particles  are 
united  by  means  of  asphalte  to  form  sheets  of  the  same  size  as 


spoken  of  in  regard  to  pure  sheet  cork.  Fine  regranulated 
cork  is  a  ground  cork  which  has  previously  received  the  beat 
treatment.  The  by-product  from  the  trimming  of  pure  sheet 
cork  is  used  for  producing  most  of  this  material. 

Suggestions  for  Thickness  and  Mcthot/s  of  A  pphjhnj 
Storaf/c  ///.、'"/(7〃0// .——Allow  lin.  of  pure  cork  sheet  insulation 
fcr  every  10°  Fall .  diflereuce  of  temperature  between  inside  and 
outside  of  refrigerator,  ej/.,  if  the  inside  of  refrigerator  is 
5(r  and  the  outside  temperature  is  70°  tlie  thickness  of  insula- 
tion should  be  equivalent  to  2in.  of  piu'e  sheet  cork.  You 
will  appreciate  this  is  a  rough  rule,  but  it  is  one  that  will 
serve  as  a  guide  when  there  is  to  be  a  known  temperature 
inside  as  well  as  outside  of  the  refrigerator.  Pure  cork  sheet 
is  erected  against  fireproof  construction  by  buttering  the  sur- 
face of  the  cork  with  approximately  ^iu.  thick  cement  mixed 
in  proportion  of  one  part  cement  to  two  parts  sand.  In  the 
case  of  ceilings  the  cork  sheets  must  be  propped  for  at  least 
24  hours,  and  often  longer  if  cold  or  unusually  damp  weather 
prevails.  When  erecting  one  course  of  cork  against  another 
course  of  cork,  Portland  cement  or  asphalte  is  used  as  the 
bond,  and  hickory  beef  screwers  approximately  six  to  a  sheet 
should  be  substituted  in  place  of  nails.  In  new  buildings 
ceilings  are  insulated  by  placing  the  sheet  cork  in  the  forms 
before  tlie  concrete  is  poured. 

Insulation  of  fireproof  floors  is  usually  accomplished  by 
laying  sheet  cork  in  hot  asphalte  and  mopping  the  top  surface 
with  this  same  material.  A  finish  concrete  working  floor 
should  be  laid  over  the  insulation  at  least  2in.  thick  and  Sin. 
thick  if  trucking  conditions  are  to  be  encountered.  When 
erecting  cork  sheets  against  wooden  sheathing  a  waterproof 
paper  should  be  placed  over  the  sheathing  before  nailing  the 
first  course  of  cork. 

Dividing  partitions  whether  they  be  one  or  two  course 
work  can  be  successfully  built  by  means  of  erecting  temporary 
studs  which  serve  as  a  guide  when  erecting  the  first  layer  of 
cork.  After  a  Portland  cement  scratch  coat  has  been  applied 
over  the  sheet  cork  these  temporary  studs  are  removed  and 
the  remaining  portion  of  the  exposed  surfaces  are  then  plas- 
tered. Walls  of  this  character  are  rigid,  durable,  require  less 
space  and  ars  more  economical  tlian  a  tile  or  brick  wall  agaiust 
which  the  insulation  is  erected. 

In  irregular  openings  and  places  where  difficulty  is  experi- 
enced ill  getting  a  true  wall,  fine  regranulated  cork  should  be 
used  to  fill  all  aix'  spaces,  and  if  a  fill  of  Gin.  in  thickness  or 
more  can  be  utilised  the  sheet  cork  may  be  omitted  if  the 
refrigerator  is  not  to  be  at  a  lower  temperature  than  freezing. 
A  very  convenient  way  for  holding  a  fill  is  by  studs  placed  on 
edge,  against  the  outside  edge  of  which  should  be  nailed  paper 
and  heavy  wire  lath.  The  exposed  lath  and  surfaces  of  cork 
sheets,  after  the  insulation  has  been  erected,  should  receive 
a  Portland  cement  finish  approximately  iin.  thick  applied  iu 
two  coats  and  mixed  one  part  cement  to  two  parts  clean,  sharp 
sand.  The  second  coat  may  be  a  smooth  float  or  trowel  finish 
according  to  the  type  of  building  in  which  the  refrigerator  is 
located.  11  is  wise  to  mark  off  the  finishing  coat  into  panels 
approximately  4ft.  square  so  that  when  the  cement  sets,  the 
checking  will  follow  a  definite  line.  Other  materials  such  as 
lith  and  rock  cork  are  installed  similarly  to  cork  sheets.  Gold 
sto rage  doors  are  now  on  the  market  insulated  with  various 
thicknesses  of  cork  so  that  the  door  proposition  is  a  very  easy 
one  to  handle.  Door  bucks  are  at  least  4in.  by  4in.，  and  the 
cold  storage  door  frame  is  lag-screwed  to  these  bucks. 

Icc  Bun  h  ers, —— Ice  bunkers  clifler  so  widely  in  size  and 
si  1  ape  tiiai  only  the  principles  can  here  be  given.  The  ice 
loading  capacity  should  be  from  one-fifth  to  one-fourth  of  the 
total  volume  of  refrigerator.  The  floor  and  one  side  of  bui?kt?r 
known  as  the  hot  air  baffle,  should  be  insulated  with  the 
equivalent  of  2iii.  of  pure  cork  sheet  iu  order  to  prevent 
sweating.  In  refrigerators  10ft.  in  width  or  less,  one  bunker  is 
sufficient,  making  liol  air  baffle  12in.  away  from  wall,  cold  air 
loin,  away  from  wall  and  extending  hot  air  baffle  to  witliiii 
14m.  of  ceiling.  If  galvanised  iron  be  used  for  lining,  use  not 
lighter  iliau  22  gauge,  lap  seams  in  directions  that  water 
will  d rain.  For  refrigerators  between  10ft.  and  20ft.  in  width 
use  two  bunkers,  making  hot  air  baffles  same  dimensions  as 
given  above  and  allow  22in.  between  the  cold  air  baffles  in  the 
middle  of  the  rooJii. 
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be  about  100,000  tons  of  ingots,  all  made  in  the 
open-hearth  furnace  with  the  exception  of  2,000  or 
3,000  tons  melted  in  crucibles  and  electric  furnaces. 

Nickel-chromium  steels  are  seldom  used  in  any 
but  a  heat-treated  condition.  By  suitable  treat- 
ment pieces  of  small  mass  can  be  made  to  have 
as  high  physical  properties  as  any  steels  known, 
with  any  elastic  limit  between  40,0001bs.  and 
250,0001bs.  per  square  inch,  accompanied  by  duc- 
tility that  is  high  as  compared  with  its  strength, 
as  the  ductility  naturally  lessens  as  the  elastic 
limit  increases.  Nickel-chromium  steels  can  be 
made  somewhat  more  cheaply  than  simple  nickel 


ifliSfffl*^  O       steel  of  the  same  strength  and  ductility  containing 
'^^W^TT  \         a  smaller  total  of  the  alloying  elements,  and  chro- 
gf^ljP  \        miiim  is  less  costly  than  nickel, 
^fcj       \  Composition  ami  Properties. ― The  upper  limit 

of  nickel  in  useful  chrome-nickel  steels  is  about 
^  /  I       3.5  per  cent.,  and  all  useful  steels  of  this  class, 

w  /       according  to  Guillet,  are  pearlitic.    According  to 

\        /        the  same  authority,  when  a  chrome-nickel  is  case- 
\    J         hardened,  the  case  is  harder  than  that  of  a  simple 
\/  nickel  steel.    Some  of  the  defects  and  troubles  of 

clironie-nickel  steels  are  like  those  of  simple  nickel 
7  steels.     The  composition  and  pro]>ertie.s  of  six 

nickel-chromium  steels  in  the  natural  or  untreated 
state  are  given  in  Table  I. 

Table  I. —— Composition  and  Properties  of  Nickel-Chroitf  iu m  Sfccl 
in  Natural  or  UMreated  Slate, 


Sample  No. 

Composition. 

Tensile  Properties. 

He  111  arks. 

C. 

Mn. 

Si. 

s. 

P. 

Ni. 

Cr. 

Tensile 
Strength. 

Elastic 
Limit. 

Contraction 
of  Area. 

ii'Ba 

Pet. 

Mis. 

Pet. 

Pet. 

0-55 

0-41 

1  •.—>:; 

1  -14 

"",'1(11) 

7：>,0()0 

66 

31 

185 

Annca  led. 

71 

37 

134 

Do. 

3 

•If) 

•34 

■13 

•02 

•1)1 

1  -2« 

■■A7 

.V.),(1(M) 

42.001) 

64 

38 

115 

Do. 

•29 

•42 

•07 

•(Mi 

•(>2 

1  ■4H 

Natural. 

5 

•25 

•;}2 

•10 

•03 

■02 

1  -45 

1  -20 

96,500 

81,500 

68 

25 

Test  piece. 

•25 

•32 

•10 

•03 

•02 

1-45 

1-20 

97,100 

80,900 

.49 

*7 

Eyebar  ；  full 

size. 

♦  In  2]  feet. 

The  composition  and  properties  of  six  nickel-chromium  steels 
in  the  heat-treated  condition  are  given  in  Table  II. 

Any  one  of  the  first  tliroo  saiuples  could  be  given  substantially 


Fi(i.  1.  Fig.  2. 

Keavkll'h  Two-stagf.  Am  Comprkssor. 

spaces  around  the  two  cylinders.  As  the  tube  J  is  perfectly 
straight  and  free  from  bends  frictioiial  losses  and  corrosion  of 
the  tube  are  reduced.  The  differential  piston  K  which  is  fitted 
with  packing  rings  is  capable  of  being  easily  removed.  The 
gudgeon  pin  L  passes  through  the  larger  portion  of  the  piston 
and  is  fixed  therein  by  a  grub  screw  ；  tlie  casing  and  tlie  cylin- 
der liner  are  slotted,  so  that,  the  projecting  portions  of  the 
gudgeon  pin  can  move  up  and  down  freely  without  being 
guided.  The  main  shaft  lias  keyed  upon  it  eccentrics  M，  the 
straps  of  which  have  short  rods  or  arms  which  engage  with 
and  oscillate  about  the  gudgeon  pin  ends,  being  held  thereon 
by  washers  and  split  pins.  The  jacket  spaces  can  be  filled 
with  water  by  removing  the  plug  N  and  the  water  can  be  run 
off  by  removing  the  drain  plug  O.  Lubricant  is  admitted  to 
the  inner  chamber  of  the  low-pressure  suction  valve  B  from 
the  sight-feed  lubricator  shown  through  the  pipe  P，  and  is 
carried  by  the  air  into  the  cylinders.  The  low-pressure 
delivery,  high-pressure  suction,  and  high-pressure  delivery 
valves  and  their  seats,  plugs,  and  caps,  are  all  interchangeable. 

On  rotation  of  tlie  main  shaft  by  hand  or  power  the  piston 
K  will  be  reciprocated  by  the  eccentric  straps  ；  on  the  up- 
stroke of  the  piston,  air  enters  through  1-lie  suction  valve  B 
tlie  first-stage  cylinder  D,  the  air  in  the  second-stage  cylinder 
E  at  the  same  time  being  discharged  through  the  final  delivery 


the  properties  of  cither  of  the  other  two  by  varying  the  teinpera- 
tiire  of  the  second  hmting.  Most  of  the  nickel-chromium  steel 
goes  into  arniour  ])l;ite,  projectiles,  and  automobile  parts.  Chrome 
nickel  steel  rails  having  2  per  cent,  of  nickel  and  0*7  per  cent,  of 


REAVELL'SITWO-STAGE  AIR  COMPRESSOR. 

A  siMlM.K  aiul  r()mj);u'l  roust  riu'l  ion  of  'J  st  a^c  air  com pi'essor 
in  which  provision  is  made  foi*  ready  disnuuitling,  exatnina- 
tio»i>  and  replacement  of  parts,  has  recently  been  designed 
and  patented  by  Messrs.  lleavell  &  Co.,  Ltd.,  of  Rfuielagli 
Works,  Ipswich.  Sectional  views  of  the  compressor  are  sliowii 
iu  Figs.  1  and  2.  The  pedestal  or  base  is  formed  with  bearings 
for  the  main  shaft.  A  cylindrical  recess  A  constitutes  the  bot- 
tom eiid  of  the  iirst-stage  cylinder.  A  suction  valve  B  and  deli- 
very valve  C  is  arranged  as  shown  so  as  to  be  accessible  for 
examination.  The  outer  casing  or  water  jacket  is  securely 
bolted  on  the  pedestal.  Tlie  cylinder  liner  is  bored  to  form 
the  first-stage  cylinder  D  and  the  second-stage  cylinder  E  each 
with  a  water-jacket  space  around  it,  joints  being  made 
between  the  flanges  of  the  liner  and  the  casing.  The  cover 
F  contains  the  suction  valve  G  and  the  delivery  valve  H  of 
the  second  stage  cylinder  ；  air  is  led  from  the  delivery  valve 
C  to  the  suction  valve  G  through  a  thin  tube  J  that  passes 
freely  through  a  passage  formed  in  the  metal  of  tlie  cylinder 
liner  and  serving  as  a  connection  between  the  water-jacket 


valve  II  to  1  lie  rosorvoir  ；  on  1  li(<  (l()wii  st  roke,  air  in  I  lu'  lirsi - 
stage  cylinder  1)  is  discli;ir<((Ml  iJiroiij^^li  ilui  delivciy  valv (！  C 
and  passoH  ilieiu^e  ilirou<j[li  Uie  t  ube  J  and  Hccond-sla^c;  suction 
valve  G  to  tlio  cylinder  E,  the  air  being  cooled  during  its 
passage  iJirout^li  the  iul)e  .1  l)y  the  water  which  entirely  Hur- 
rouiids  it.  The  com pr 嶋 or  being  simple  in  coiihI  ruction, 
and  easily  and  quickly  dismantled,  is  consequently  very  suit- 
able for  use  ill  the  open  or  in  places  wliere  it  is  likely  to  be 
somewhat  roughly  handled. 


THE  MANUFACTURE  AND  USE  OF  NICKEL-CHROMIUM 
STEEL. 

In  a  bulletin  issued  by  the  United  States  Bureau  of  Mines,  Mr. 
H.  D.  Hibbard  gives  the  following  in  formation  relating  to  the 
manufacture  and  use  of  nickel-chroiniuni  steel. 

Nickel-chroiniiuu  steels,  known  in  the  trade  as  chroiiK'-nickel 
steels,  arc  perhaps  the  most  important  of  the  structural  alloy 
steels.  Their  field  of  usefulness  is  continually  being  enlarged  by 
their  application  for  new  purposes  and  also  by  encroachment  on 
the  premises  of  some  of  the  other  alloy  steels,  notably  of  simple 
nickel  steel,  and  they  have  almost  wholly  displaced 
H  nickel- vanadium  and  nickel-chroniiuin-vanadiuiu 

steels,  which  several  years  ago  were  in  some  con- 
siderable demand.  The  amount  of  nickel-chro- 
mium steels  produced  in  1913  was  thought  to 
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TESTING  FIREBRICK.* 

BY  C.  E.  NESBITT  AND  M.  L.  BELL. 

The  use  of  refractory  material  in  metallurgical  operations  is 
one  which,  as  a  rule,  is  given  but-  very  general  consideration. 
The  selection  of  a  suitable  refractory  calls  for  a  study,  first,  of 
the  temperatures  involved,  and,  second,  of  the  nature  of  the 
hot  material  and  resulting  slag  to  which  the  refractory  will  be 
exposed.  Refractories  are  generally  used  in  form  of  bricks  or 
blocks  which  are  moulded  irom  materials  in  the  plastic  con- 
dition, then  burned.  The  resulting  product  is  a  solid  of  suffi- 
cient mechanical  strength  to  permit  its  use  for  various  forms 
of  construction.  The  two  most  common  raw  materials  for 
making  refractory  bricks  are  clay  and  a  variety  of  silica  called 
ganister.  Other  raw  materials  are  gradually  finding  wider 
and  more  general  use,  but  these  two  continue  to  be  the 
important  ones.  Clay  and  silica  rock  suitable  for  bricks  are 
widely  distributed,  but  nature  has  very  largely  determined 
their  physical  properties.  Each  of  these  materials  has  vary- 
ing physical  properties  which  may  be  taken  advantage  of  and 
incorporated  into  the  finished  bricks,  the  quality  of  which  is 
largely  dependent  on  the  methods  employed  in  their  manu- 
facture. 

In  its  simplest  terms  a  furnace  or  heating  chamber  con- 
sists essentially  of  a  shell  of  brickwork  sometimes  bound 
together  with  a  suitable  framework  of  iron.  Owing  to  various 
physical,  chemical,  and  mechanical  operations  which  take  place 
in  the  furnace  the  refractory  must  meet  certain  demands  to 
give  a  satisfactory  life.  No  brick  can  be  expected  to  be  best 
in  all  physical  properties,  and  it  becomes  necessary  to  select 
the  brick  which  is  best  suited  to  withstand  that  particular  con- 
dition imposed  by  the  furnace.  It  may  be  that  the  brick 
will  have  to  withstand  the  abrasive  action  of  heavy,  hard 
materials,  the  sudden  fluctuation  of  temperature,  the  corrosive 
action  of  slag,  or  the  action  of  load  while  at  high  tempera- 
tures. These  and  similar  points  should  be  considered,  their 
relative  importance  determined,  and  the  brick  chosen  should 
be  the  one  best  suited  to  resist  that  particular  condition. 

In  the  iron  and  steel  industry  the  blastfurnace  is  one  of 
the  most  important  types  of  furnaces.  In  simple  terms,  it  is 
a  hollow  steel  cylinder,  approximately  100ft.  high  and  some 
28ft.  to  30ft.  diam.,  lined  with  firebrick.  In  a  furnace  of 
500-ton  capacity,  about  1,900  tons  of  ore,  limestone,  and  coke 
are  used  every  24  hours.  These  materials,  often  wet  or  frozen, 
are  fed  in  at  the  top  and  fall  on  the  materials  already  in  the 
furnace  or  roll  over  against  the  walls.  Since  this  material 
must  pass  slowly  through  the  furnace  the  wear  on  the  lining  is 
extremely  heavy.  The  temperature  at  the  top  of  a  blast- 
furnace is  low,  but  as  the  charge  descends  the  temperature 
increases  until  the  fusion  zone  is  reached.  In  this  zone  the 
hard  material  composing  the  charge  becomes  a  pasty  mass 
which  ultimately  is  melted  and  the  brickwork  then  has  to 
withstand  molten  iron  and  slag  rather  than  abrasion  or 
impact. 

No  blastfurnace  is  complete  without  its  battery  of  stoves, 
in  which  no  metallurgical  operations  take  place.  The  object 
of  the  stove  is  to  absorb  heat  rapidly  and  then  as  quickly  give 
it  up.  Here  a  brick  must  withstand  sudden  thermal  changes, 
abrasion,  slagging,  due  to  the  dust  carried  by  the  burning  gas, 
and  possess  good  heat- absorbing  qualities. 

In  one  of  the  processes  of  converting  pig  iron  into  steel;  a 
basic  open-hearth  furnace  is  used.  This  furnace  is  built  up 
largely  of  silica  brick,  although  the  hearth  is  made  up  of  basic 
materials  because  of  the  basic  character  of  the  slag,  while  the 
regenerators  are  of  firebrick.  Silica  bricks  are  very  sensitive 
to  thermal  changes,  but  owing  to  their  infusibility  and  their 
ability  to  withstand  lieavy  loads  when  highly  heated,  they  are 
used  almost  without  exception  in  open-hearth  practice.  Any 
variation  in  the  method  of  manufacture  which  will  tend  to 
decrease  the  sensitiveness  of  silica  bricks  to  heat  changes, 
without  sacrifice  of  their  other  good  qualities,  will  directly 
increase  the  life  of  the  furnace  and  materially  lessen  furnace 
shut-downs.  In  all  soaking  pits,  heating  furnaces,  annealing 
furnaces,  mixers,  ladles,  &c.，  the  temperatures  are  not  as  high 
as  in  the  open-hearth  furnace  ；  the  brick  work  here  has  mainly 
to  withstand  the  action  of  the  molLen  metal,  iron  scale,  or  slag. 
A  general  review  of  the  conditions  imposed  on  firebrick  as 
used  about  iron  and  steel  plants  has  pointed  out  two  general 

•  Papev  read  l)efore  the  American  Society  for  Testing  Materials.  June  27-30th. 
191ti. 


Lbs. 


:.ooo 


Lbs. 
175.00 
125.00 


chromium  have  been  tried  by  several  railroads,  but  with  unsatis- 
factory results.  Thev  resisted  wear  well  as  compared  with 
simple  steel  rails,  but  broke  badly  both  transversely  and  length- 
wise, so  that  they  were  considered  unsafe  and  consequently  were 
removed.  They  were  made  by  the  Bessemer  process  and  were 
not  heat  treated, 

Tahlk  II. ― ( posit  ion  and  Properties  of  Nickel-Clfronnuw  i^feeJ 
in  Heat-treated  Condition. 


Mayari  Steel. ― A  so-called  natural  chrome-nickel  steel  is 
made  from  certain  ores  mined  at  Mayari,  Cuba.  The  ores  carry 
enough  nickel  to  give  1  -3  to  1-5  per  cent,  of  nickel,  and  enough 
chromium  to  give  2\  to  3  per  cent,  of  chromium  in  the  crude  iron 
smelted  therefrom.  When  the  iron  is  converted  into  steel  by  the 
pneumatic  or  open-hearth  processes,  the  nickel  is  practically  all 
present  in  the  steel,  but  the  chromium  is  of  necessity  largely 
wasted  by  being  oxidised.  Steel  made  in  part  of  Mayari  iron  is 
giving  good  service  in  rails  and  particularly  in  track  bolts,  which 
are  heat  treated  to  give  the  metal  an  elastic  limit  of  75,0001bs.  per 
square  inch.  Why  these  rails  are  satisfactory  when  other  chrome- 
nickel  steels  were  not  has  not  been  explained.  The  chief  differ- 
ences seem  to  be  (1)  that  these  Mayari  steel  rails  have  less  of  the 
alloying  elements  because  Mayari  iron  is  used  only  in  part  in 
them,  and  (2)  that  the  steel  is  made  in  the  open-hearth  furnace. 

The  use  of  steel  containing  Mayari  iron  is  increasing,  and  the 
demand  is  enough  to  induce  the  production  synthetically  of  steels 
of  the  same  composition  by  adding  nickel  and  chromium  to  simple 
steels  in  the  Mayari  proportions.  The  Mayari  steels  are  not- 
included  in  the  estimated  quantity  of  chrome-nickel  steels  made, 
as  already  given.  In  fact  it  is  likely  that  in  the  near  future  the 
tonnage  of  Mayari  steels  will  surpass  that  of  all  the  other 
chrome-nickel  steels  taken  together. 

Castings  of  Nickel-chro m iu m  Steels. 一 Castings  are  made  also  of 
chrome-nickel  steel  and  may  be  used  in  the  annealed  or  heat- 

Table  III. ― Cojnfosition  and  Properties  of  Chrome-Nickel  Steel 
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treated  conditions.  Table  III.  gives  tho  com  posit  i<ni  ； uu 
pr('i""ti('s  of  ehrome-nickel  steel  castings. 


Tool  Steel  and  Steel  Wire. ―  We  have  received  from  Mr.  G.  P. 
Wall,  Magneto  Works,  Penistone  Road,  Sheffield,  a  very  ser- 
viceable catalogue  and  handbook  relating  to  various  sections 
of  steel  wire  and  tool  steel  rods  manufactured  by  him.  The 
catalogue  also  gives  a  great  deal  of  practical  information 
regarding  the  manipulation  and  heat  treatment  of  tool  steel, 
and  is  accompanied  with  some  very  useful  tables  relating  to 
weights,  strengths,  and  metric  equivalents.  Mr.  Wall  inti- 
mates that  he  will  be  pleased  to  supply  a  copy  to  any  firm  who 
might  find  them  of  interest. 


Condition. 


Annealed. 
Do. 

Keafc-tieated. 


.iup.TSH  IrKa 


-S.IVP  IJO-BJ  一  §0 


p 


iS5 


1^  3  1.3  2  2  3 


个 1  T 一  6  6  -」 


s  0.  J!r§IOS 


■iup.TSH  IrKa 


^486 


■  o  o  o  3  3  3 

c  3  3  3  4  4  4 

8  8  8  8  8  8 


1^  3  1.3  2  2  3 


L  4  1  9-  6  6  7 

2  1  2  1  1  2 


L  4  3  1  4  4  8 


L  o  6  1  8  8  8 


s  0. 


^466466 


3  5  6  4 


^356619 

^466466 


.f  lis 


1  一 -一一  rh 


■OK  f-l 二 ul-s  1  1 


August  25,  IDlGj 


TIIK    MECHANICAL  ENGINEER. 


139 


I'ouclusioits  :  ( 1 )  1  lio  lilo  of  a  funiace  is  clettMMiiiiicd  l>y  1  lie  litV 
of  its  brickwork,  and  (2)  iliiVeronl  runiiu-es  domaiul  tlif、Vr,'nl 
[ilivsical  properties  in  the  brick  used. 

A  m'eat  maiiv  invest  i^at  ors  have  al  I  ackcii  the  pr(>hl('iii  ol 
refractories,  the  work  having  Wen  done  iiiaiiily  from  the  stand- 
point of  the  inherent  physical  properties  ol'  the  raw  materials. 
The  results  are  of  high  technical  excellence  and  have  been  of 
value.  In  the  majority  of  cases,  however,  the  tests  have  not 
been  applicable  to  brick  as  received  by  the  consumer.  He 
could  not  go  out  to  his  stock,  select  several  bricks  and  quickly 
determine  their  value  for  his  particular  purpose.  With  this 
idea  in  mind  each  of  the  various  conditions  where  firebrick  are 
used  was  studied  to  determine  the  cause  of  failure.  The  next 
step  was  to  imitate  actual  conditions  of  service  in  the  labora- 
tory. This  meant  that  tests  must  ])p  employed  which  were 
very  severe,  producing  in  a  short  time  what  in  actual  service 
might  require  months  or  even  years  to  accomplish.  To  test 
brick  cold  and  say  that  the  result  of  the  cold  test  was  a 
measure  of  the  performance  when  hot,  did  not  seem  justifiable. 
Another  point  was  to  make  the  tests  such  that  the  work  could 
be  done  on  the  brick  as  received,  and  not  on  bricks  nrepared 
for  the  test. 

In  the  study  of  service  conditions,  attention  was  first 
directed  to  the  top  of  the  blastfurnace.  The  average  tempe- 
rature at  the  top  is  about  260°  C.  The  charging  of  a  furnace 
is  a  nearly  continuous  operation,  the  material  charged  falling 
on  the  large  bell,  which  when  lowered  allows  the  material, 
often  wet  or  frozen,  to  slide  off  the  bell  and  strike  the  walls  of 
the  furnace.  Immediately  the  charge  starts  slipping  and 
grinding  its  way  slowly  downward  past  the  brick  in  the  wall. 
These  conditions  required  tests  that  would  imitate  impact, 
abrasion,  and  spalling. 

hft pact  Test. ― An  impact  test  was  first  considered.  The 
rattler  and  other  similar  tests  were  studied,  but  it  was  finally 
decided  that  some  kind  of  a  drop  test  would  be  the  most  prac- 
tical, and  would  most  nearly  approach  service  conditions. 
After  trying  many  shapes  and  sizes  of  falling  weights  it  was 
finally  decided  to  use  a  steel  ball  2hin.  diam.  The  brick  was 
heated  to  260°  C.  and  the  ball  allowed  to  drop  on  the  end  of 
the  brick  from  a  height  of  2in.，  then  4in.，  and  so  on,  until  the 
brick  broke.  The  height  to  which  it  was  necessary  to  raise 
the  ball  to  cause  fracture  of  the  brick  represents  a  particular 
quality,  namely,  resistance  to  impact. 

The  comparative  strengths  of  brick  to  ret^ist  impact  at 
ordiiiaiv  temperatures  and  at  slightly  elevated  temperatures 
are  interesting.  A  brick  heated  to  260°  C.  and  tested  was 
20  per  cent,  weaker  than  a  brick  of  the  same  brand  tested  at 
20"  C.，  and  40  per  cent,  weaker  when  tested  at  540。  C. 

A  n  TVs/. ― In  developing  an  abrasion  test  it  was 

found  that  others  had  abraded  ]>rick  in  the  cold  by  means  of 
an  emery  wheel.  This  idea  was  modified  so  as  to  test  the 
brick  while  hot.  A  temperature  of  260°  C.  was  adopted  for 
top-wall  and  pipe  brick  and  1,350〕  C.  for  all  others.  The 
reason  for  choosing  1,350°  C.  for  the  high  temperdture  was 
that  (1)  it  is  a  comparatively  easy  temperature  to  reach  with 
a  test  furnace,  and  (2)  while  it  might  not  represent  the  hig-hegr 
temperature  in  the  furnace,  it  is  above  the  melting  point  of 
cast  iron  and  is  applicable  to  all  high-temperature  furnaces 
used  about  iron  and  steel  plants. 

The  brick  to  be  tested  was  lieated  to  1，350。  C.  and  then 
pressed  against  a  carborinidiuii  wheel,  pressure  and  time  being 
constant.  When  the  brick  became  cold  the  depth  of  cut  was 
measured  and  the  result  reported  as  linear  inches  abraded  in 
5  minutes.  This  test  developed  the  interesting  fact  that 
bricks  are  not  always  the  same  at  both  ends,  for  it  was  found 
that  sometimes  there  may  be  10  to  20  times  as  much  abrasion 
at  one  end  as  the  other. 

S prillinf/  7\'sf. —— Spalling  was  next  studied.  In  brick 
work  such  a  condition  is  usuallv  the  result  of  thermal  changes, 
often  accelerated  by  mechanical  pinching.  Tn  actual  service 
only  one  surface,  generally  tlie  end  or  side  of  the  brick,  is 
exposed  to  the  direct  action  of  heat'.  After  trving  various 
tests  it  was  decided  to  place  the  brick  to  be  tested  in  the  wall 
of  the  furnace  so  that  only  one  end  was  exposed.  The  testing 
temperature  wa?  1,350。  C,  and  after  a  series  of  oxDeriiiieiits 
as  to  the  m ost  satisfactory  time  for  heating,  one  hour  was 
decided  upon,  with  25  minutes  cooling:  in  a  blast  of  air.  To 
produce  a  measurable  spall  at  least  30  operations  of  heating 
； 111(1  (、ooHng  were  required.  This  was  too  long,  and  it  was 
flecided  to  increase  the  severity  of  tlie  test  by  cooling  in  water 
for  3  minutes,  and  so  hasten  the  spalling.    A  series  of  tests 


determined  thai  cooliii*;  in  waicM*  wjik  Mi  roc,  t  imcH  ;ts  ('flVrlive 
as  air  cooling.  Tlit>  iiutiil)er  of  operalioiiH  whh  a(:(，or(liii"'ly  r.ul 
(")wn  to  10.  The  amount  of  spalling  is  reported  ； ih  Wmi 
l>en:eut,a:(;e  loss  in  weight.    This  1-eHl  applies  only  to  firf'l)rirk. 

、7",f〃〃".V  Tr.^f . 一一 The  failure  of  hri(,k  work  due  i  lie 
corrosive  aclion  ol'  .slags  is  more  prevalent  than  from  any  other 
rause.  Nol  only  is  siag  action  marked  in  })laslf uniaces,  but 
also  in  open  hearths,  cupolas,  and  heating  funia (； es,  and  to  a 
lesser  degree  iti  mixers,  ladles,  fireboxes,  &c.  During  I  hf 
development  of  a  slag  test  the  slag  was  first  placed  on  the 
surface  of  the  brick.  It  was  next  confined  by  the  use  ot 
kaolin  rings,  but  both  tests  were  unsatisfactory.  To  confine 
a  comparatively  large  portion  of  slag  to  any  one  portion  of 
the  brick  it  became  necessary  to  drill  a  cavity  in  the  brick  and 
place  the  slag  therein.  Experinients  were  made  to  determine 
the  effect  of  fineness  of  the  slag,  time  of  exposure  to  heat,  and 
the  effect  of  destroying  the  surface  texture  by  drilling.  To 
measure  the  slag  penetration  the  l)ri('k  is  cut  through  the 
pockets  of  the  slag  and  the  area  of  brick  penetrated  by  the 
slag  measured  with  a  planimeter. 

Com presstoN  Test . —— The  ability  of  brick  work  to  stand 
up  under  loads  when  highly  heated  is  of  great  ini portaiice.  A 
comparative  test  consisting  of  a  modified  Brinell  ball  test  was 
used  by  heating  the  brick  to  1,350°  C.，  removing  from  the 
furnace  and  then  forcing  a  2^in.  steel  ball  into  the  brick  under 
a  pressure  of  l,6001bs.  The  depth  of  the  impression  was  then 
measured  when  cold. 

Expansion,  contraction,  and  fusibility  are  important 
qualities  of  firebrick.  For  these  tests  the  usual  methods  were 
followed. 

As  a  result  of  a  large  number  of  tests  following  the 
methods  outlined,  it  was  found  that  firebricks  tended  to  group 
themselves  according  to  density.  In  general,  bricks  of  high 
density,  all  other  factors  being  equal,  have  the  most  desirable 
qualities,  namely,  least  abrasion,  good  resistance  to  slag,  and 
least  compression.  Spalling  is  very  slightly  increased  but  not 
to  a  dangerous  extent  if  bricks  are  not  over-burned. 

As  a  measure  of  density,  the  apparent  specific  gravity  is 
used ― obtained  by  weighing  and  measuring  the  brick  and  not 
by  suspension,  as  is  usually  done.  Results  show  that  various 
makes  of  brick  have  characteristic  values  for  apparent  specific 
gravity  and  that  the  method  of  manufacture  greatly  influences 
the  density.  Power-pressing  a  brick  during  manufacture  up 
to  l,5001bs.  per  square  inch  has  been  found  to  materially  im- 
prove the  quality  of  most  firebrick  ；  beyond  that  figure  very 
little  improvement  is  made. 

The  laboratory  methods  suggested  have  been  developed 
mainly  with  reference  to  bricks  to  be  used  in  iron  and  steel 
plants.  When  modified  they  are  applicable  to  almost  any 
condition  of  service  to  which  the  bricks  will  be  subjected.  If 
a  brick  is  to  be  used  in  a  boilersetting,  copper  or  lead  snielter, 
calcining  or  roasting  furnaces,  the  test  should  imitate  these 
conditions,  in  order  that  the  results  be  comparative.  Con- 
ditions of  service  must  be  studied  to  learn  what  is  demanded  of 
a  brick.  When  a  laboratory  test  lias  been  developed  it  must 
be  confirmed  by  actual  service  tests.  To  compare  the  life  of 
two  similar  furnaces  built  of  different  materials,  or  even  the 
same  furnace  built  of  different  inaterials  at  different  times, 
does  not  necessarily  mean  that  the  material  showing  the 
longest  life  is  the  better,  since  the  operating  conditions  may 
have  been  decidedly  different.  Conclusions  can  only  be  drawn 
when  all  conditions  except  bri ;k  quality  are  the  same. 

To  derive  the  greatest  benefit  the  consumer  and  manu- 
facturer must  work  together.  The  manufacturer's  interest 
must  not  cease  with  the  shipment  of  his  product.  The  con- 
sumer should  provide  all  reasonable  facilities  for  the  maiiu- 
facturei-  to  study  his  product  in  actual  service.  It  is  only  by 
such  ro-operation  or  exchange  of  information  that  the  best 
results  can  be  obtained. 

At  the  present  time  the  following  machines  and  apparatus 
de?cri]"ted  are  in  a  state  of  development  and  while  they  have 
been  standardised  for  the  test,  the  machines  and  methods 
themselves  are  not  necessarily  final.  The  machine  for  deter- 
"liiiiiig  the  resistance  to  im pact  consists  of  two  vertical 
iipriii'hts  15ft.  high,  supporting  two  vertical  and  parallel  Ui". 
angle  irons.  The  angle  irons  are  placed  so  that  their  enclosed 
angles  face  each  other  and  are  braced  3^in.  apart  measured 
from  the  inside  of  the  angles,  so  as  to  allow  a  hall  2iiii.  dia.ni. 
to  fall  freely  between  them,  the  sidewisc  movement  of  the 
ball  not  to  exceed  Jin.  These  angle  irons  are  adjusted  so  that 
bricks  of  different  heights  may  be  placed  under  tliem  and  are 
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marked,  beginning  at  the  lower  ends,  so  as  to  dearly  designate 
successive  heights  of  2in.  The  test  specimen  is  placed  directly 
below  the  angle  irons  on  a  steel  block  of  sufficient  size  to  give 
a  solid  foundation.  The  upper  face  of  the  block  is  perfectly 
smooth  and  at  right  angles  to  the  angle  irons.  The  block  is 
G.\in.  by  loin,  by  12in.  and  weighs  3321bs.  The  falling  weight 
is  a  steel  ball  '2.\in.  diam.  weighing  2'341bs. 

The  brick  to  be  tested  is  first  care  fully  inspected,  ami,  if 
necessary,  ground  on  a  carborunduni  wheel  so  that  it  sets 
firmly  on  one  of  its  ends.  On  the  other  end  of  the  brick  the 
diagonals  are  then  drawn  to  locate  the  centre.  The  brick  is 
now  placed  in  a  cold  furnace  and  heated  at  a  uniform  rate 
from  atmospheric  temperature  to  260°  C.，  so  that  at  least  one 
hour  is  required  to  reach  the  final  temperature.  The  final 
temperature  is  maintained  for  not  less  than  three  hours. 

The  brick  is  now  ready  for  the  test  and  is  placed  on  the 
steel  block,  so  that  the  ball  between  the  angle  irons  touches 
the  brick  at  its  marked  centre.  Iron  blocks  are  placed  around 
the  brick  until  they  are  nearly  level  with  the  top  of  it,  to 
prevent  sidewise  movement,  but  the  brick  is  not  wedged.  The 
ball  is  now  dropped  from  a  pair  of  tongs  on  the  end  of  the 
brick  at  successively  increasing  heights  of  2in.  until  the  brick 
fractures.  Any  fracture  radiating  liii.  or  more  from  the 
point  of  contact  of  the  ball  is  considered  a  fracture,  and  the 
distance  in  inches  of  the  last  drop  is  the  result  of  the  test. 
If  the  "ball  is  allowed  to  drop  again  from  the  last  height  the 
brick  gives  off  a  dead  or  broken  sound.  The  clear  ring  of  a 
sound  brick  has  disappeared. 

Mdlintf  a  Com presslo/i  Tfsf. —— The  machine  for  determin- 
ing the  resistance  to  compression  is  a  modified  Brinell  ball 
testing  machine  and  consists  of  a  4in.  I-beam,  10ft.  long  and 
weighing  751bs.，  so  arranged  as  to  act  as  a  second- class  lever 
arm  ；  that  is，  one  end  is  the  fulcrum  and  at  the  other  end  the 
weight  is  applied  so  as  to  produce  the  compression  on  the 
brick  placed  6in.  from  the  fulcrum.  All  bearings  are  knife- 
edged.  The  fulcrum  end  of  the  bar  is  mounted  between  two 
vertical  uprights,  lOin.  channel  irons,  and  so  arranged  that 
the  height  of  the  fulcrum  may  be  adjusted  by  a  handwheel  to 
suit  bricks  of  varying  thickness.  Six  inches  from  the  fulcrum 
towards  the  weighted  end  of  the  bar  a  spherical  depression 
marks  the  location  of  the  ball.  The  ball  is  a  steel  ball  2Ain. 
diam.  weig^hine^  2*341bs.  The  brick  to  be  tested  rests  on  a  solid 
foundation  directly  below  the  depression.  The  bar  alone 
produces  a  pressure  of  8501bs.  on  the  ball,  and  the  balfiiice  of 
the  weight,  is  added  at  a  uniform  rate  of  251bs.  per  second  by 
means  of  dry  sand  which  flows  from  a  hopper  into  a  bucket 
attached  to  the  end  of  the  bar.  Bar  and  sand  together  pro- 
duce d  total  load  on  the  ball  of  l，6001bs. 

The  brick  to  be  tested  is  placed  in  a  cold  furnace  and 
heated  si  owl  v  to  1,350°  C.  The  heating  as  a  convenience  is 
done  over  night,  at  a  uniform  rate  not  to  exceed  260°  C.  per 
hour.  Total  time  of  heating  should  in  no  case  be  less  than 
six  hours.  The  brick  before  testing  should  be  maintained  at 
] ,350°  C.  for  not  less  than  three  hours.  The  brick  is  now 
removed  from  the  furnace  and  placed  flat  on  the  foundation 
beneath  the  har,  and  the  bar  lowered  so  that  when  the  ball  is 
in  position  in  the  depression,  it  is  also  in  contact  with  the 
centre  of  the  upper  surface  of  the  brick.  The  weighted  end 
of  the  bar  is  tlieii  t^ently  released  and  the  flow  of  sand  iniine- 
diatelv  started .  The  time  required  to  remove  the  brick  from 
the  furnace  and  apply  the  】oad  is  less  than  one  minute.  The 
pressure  is  maintained  for  five  minutes,  starting  from  the  time 
the  bar  is  released.  The  brick  is  then  removed  from  the 
machine  and  allowed  to  cool.  "When  cold  the  depth  of  pene- 
tration produced  by  the  ball  is  measured  by  placing  centrally 
over  the  depression  a  flat  rectangular  plate  3lin.  square  and 
thick,  at  the  centre  of  wliich  is  mounted  at  r'vjht  angles 
to  it  a  micrometer  depth  ^jau^e.  The  lower  end  of  the  stem 
of  the  micrometer  is  rounded  so  that  it  has  the  same  radius 
as  the  2lin.  ball.  The  depth  at  the  centre  of  the  depression 
is  nioasured  to  O'OOlin. 

.1/〃/'  ///,/  fiH  A  hrasiofi  Test. ― The  abrasion  testing  machine 
consists  of  a  carborundum  wheel  mounted  on  a  suitable  stand 
and  revolving  vertically.  In  front  of  the  wheel  and  resting  on 
the  stand  is  an  L- shaped  plate  6iin.  by  16in.  by  |in.  resting  on 
roller  bearings,  and  forced  towards  the  wheel  by  means  of  a 
rif^ht^angle  lever  arm,  and  suspended  weights.  The  upper 
surface  of  this  plate  is  1  ^in.  })elow  the  horizontal  radial  line 
drawn  from  the  centre  of  wheel.  All  points  of  contact  on  the 
lever  arm  are  knife-edged  and  friction  is  reduced  to  a  mini- 
mum. Thp  ( ar})onuu]uin  wlioel  is  IHin.  diain.,  has  a  2in.  face  and 


1  iin.  centre  hole.  The  wheel  is  motor  driven  and  has  a  sur- 
face speed  of  1,640ft.  per  niiiuite  and  is  to  be  redressed  when 
the  corners  wear  away  \u\.  of  their  original  radius,  or  as  soon 
as  the  face  ceases  to  be  at  right  angles  to  the  side  of  the 
wheel.  The  pressure  of  the  brick  against  the  wheel  is  lOlbs. 
])er  square  inch  of  brick  in  contact  with  the  wheel,  excluding 
the  pressure  required  to  move  the  brick. 

The  brick  before  testing  is  ground  cold  to  a  uiiifonn  thick- 
ness of  2'35iii.  for  2iin.  brick  and  of  2'80in.  for  Sin.  brick, 
and  the  ends  ground  so  that  the  testing  wheel  cuts  through 
this  thickness.  The  depth  of  this  preliminary  cut  is  measured 
at  its  centre,  using  the  rectangular  plate  described  under  the 
compression  test.  The  brick  prepared  for  test  is  heated  the 
same  as  under  the  compression  test,  except  in  the  case  of  top- 
wall  and  pipe  brick,  which  are  heated  the  same  as  for  the 
impact  test. 

The  brick  is  then  removed  from  the  furnace,  placed  flat  on 
the  plate  in  front  of  the  wheel  so  that  the  wheel  enters  the 
preliminary  cut,  and  is  then  abraded  for  five  minutes.  The 
time  is  taken  with  a  stop-watch.  In  the  case  of  soft  brick 
which  ahracle  very  rapidly  the  test  is  run  for  a  fraction  of  the 
period,  and  then  calculated  to  the  five-ininute  period.  The 
brick  is  now  returned  to  the  furnace  and  reheated  for  not  less 
than  one  hour.  The  test  is  then  repeated  on  the  other  end  of 
the  brick.  When  cold  the  depth  of  cut  on  both  ends  is 
measured,  and  the  difference  between  the  preliminary  and  the 
final  cuts  is  the  result  which  is  reported.  Preparatory  to  the 
spalliiig  test,  the  furnace  is  heated  to  1,350°  C.  and  held  at 
this  temperature  for  about  one  hour.  The  bricks  to  be  tested 
are  dried  at  100°  C.  for  at  least  five  hours,  weighed,  and  then 
placed  in  the  doorway  of  the  furnace,  their  ends  flush  with  the 
inside  of  the  wall.  In  case  a  sufficient  innr.ber  of  bricks  are 
not  being  tested  to  entirely  fill  the  dooi  way,  the  remainder  of 
the  space  is  filled  in  with  other  bricks  to  ensure  heating  t'lie 
ends  only.  The  bricks  are  now  heated  for  one  hour  and 
plunged  separately  into  2  galls,  of  water  at  20°  C.  to  a  depth 
of  4in.  and  held  there  for  three  minutes.  The  bricks  are  then 
removed  and  allowed  to  dry  for  three  minutes  in  air.  To 
indicate  three-minute  periods  a  stop-watch  is  used.  The 
bricks  are  then  placed  in  the  doorway  of  the  furnace  as  before 
and  operation  repeated  for  a  total  number  of  10  times.  The 
bricks  are  now  dried  at  100°  C.  for  at  least  five  hours  and  all 
particles,  which  can  be  easily  broken  off  with  the  fingers, 
removed.  The  bricks  are  then  weighed  and  the  percentage  of 
loss  calculated  from  the  original  weight. 

j\[(il-in(/  (I  Sldf/f/ing  Test. ― In  preparing  tiie  sample  for 
the  slagging  test,  the  9in.  by  4Mn.  unbranded  side  of  tlie  brick 
is  bisected  by  a  line  across  the  narrow  dimension  and  diagonals 
drawn  on  each  half.  At  each  intersection  of  the  diagonals  a 
circular  cavity  is  drilled  21  in.  diam.  and  - Hn.  deep  at  the  sides. 
The  drills  are  -^in.  thick  and  wide,  measured  diagonally 

across  opposite  corners,  while  the  point  of  the  drill  includes  an 
angle  of  150°.  A  template  is  made  of  ^in.  sheet  steel  to 
ensure  that  all  drills  are  ground  properiy.  To  ensure  a 
standard  depth  of  cavity,  two  inverted  U-shaped  pieces  of 
metal  are  clamped  to  each  drill  when  in  use  and  adjusted  so 
that  drill  cannot  enter  the  hole  more  than  iin.，  measured  on 
the  side  of  the  drill.  The  cross-section  of  the  cavity  passing 
throu<?h  the  deepest  point  has  an  area  of  l'7sq.in.，  and  is 
checked  up  for  size  and  depth  by  a  template.  The  pressure 
used  in  drilling  must  not  be  so  severe  as  to  partially  crack  the 
brick. 

After  the  cavities  have  been  drilled  and  cleaned  of  loose 
material  the  bricks  are  placed  level  in  a  cold  furnace  and 
heated  as  in  the  compression  test.  When  1,350°  C.  is  reached 
35  grams  of  standard  blastfurnace  slag  are  placed,  by  means 
of  a  long  rod  with  a  spoon- shaped  end,  in  one  cavity,  and 
35  grams  of  standard  lieatine^-funiace  slag  in  the  other  cavitv. 
The  slae:s  used  shall  have  approximately  the  following  analysis 
and  melting  points  : — 

―  Slaa. 

Blast-  Hoatiiifi 

furnace,  Fni'naco, 

per  cent.  per  cent. 

Silica  (SiO.,)    38-0  35.0 

Iron  (Fe)    1.5  44 '0 

Manganese  (Mn)    1.0  0、「〕 

Alumina  (Al.,0,)    14-5  CrO 

Lime  (CaO)    42  0  1.5 

Magnesia  (MgO)    2'0  0  5 

Snlphur  (S)    I'O 

Dp^.  Cent. 

Mpl(,i"g  point    1 ,2G0  1,260 
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The  i'monoss  of  the  shi 仁' is  such  as  to  pass  a  '10-mesh  sieve. 
TIu>  bricks  are  kept  al  a  ((Muperat uro  of  l,3r)(f  C.  for  two 
hours  after  t ho  sl:、"r  is  adtltnl,  a(  llio  end  of  which  iiiiio  iho 
t'urnaoe  is  allowed  to  cool,  ov  1  lu'  hrit'ks  may  l)o  renioved  from 
tlio  t'urnaco  :\m\  allowed  to  cool  iti  air.  Tlie  l)ricks  when  cold 
art'  sa\v<Hl  leni;'! liwiso  al  ； i  rii^lil  aui^le  to  the  iiiibraiuled  side, 
po  (hat  one  side  of  the  cul,U"g  wheel  (nil's  through  1-lie  cent  re 
of  the  drilled  cavity,  and  this  area  of  slag  penel-rjit ion  toget  her 
with  the  cavity  is  measured  with  a  planinieler.  The  area  of 
the  oi'ig'imil  cavity  is  subt racted,  t^iviii"-  the  result  in  square 
inches  of  slag-  penetration.  The  wheel  used  for  sawing  the 
brick  is  a  carbonnuUun  wheel  12in.  diam.，  ^in.  thick,  and 
1  .Un.  centre  hole. 

The  test  speoiiiieiis  for  deterininiiii;  the  softening  tempe- 
rature are  cut  by  means  of  the  saw  used  in  slagging  test  from 
tlie  corner  of  the  brick,  in  tlie  shape  of  a  triangular  pyramid 
similar  to  that  of  a  Seger  cone.  They  are  Sin.  high  and  the 
base  should  not  be  less  than  lin.  on  the  side.  The  test 
specimen,  tog^ether  with  a  series  of  Seger  cones,  is  set  in  some 
cjood  i-efractorv  material  which  will  not  flux  with  the  sample. 
Tlie  series  of  cones  used  includes  numbers  both  below  and 
above  the  cone  at  which  the  sample  is  supposed  to  soften. 
The  whole  is  placed  in  a  gas-fired  furnace  and  heated  at  a 
uniform  rate,  not  to  exceed  (500。  C.  per  hour.  The  softening 
teni])erature  is  considered  that  at  which  tlie  specimen  either 
bends  double,  sags,  or  puffs  out  of  shape  and  is  determined  by 
Seger  cones. 

Tf'Rfing  for  N.rpa}is?o/t  (itul  C onfracfinji. -— The  macliine 
used  for  the  measurement  of  expansion  and  contraction  con- 
sists of  a  micrometer  mounted  on  a  steel  post,  which  in  turn  is 
mounted  on  a  steel  plate  24in.  by  Gin.  by  ^in.  To  the  stem  of 
the  inicronieter  is  fastened  a  steel  disc  lin.  diam.  and  J, in. 
thick.  Tn  line  with  the  micrometer  is  a  second  steel  post  on 
which  is  mounted  a  ^in.  sliding  steel  rod  with  a  similar  cir- 
cular disc,  as  with  the  micrometer.  The  rod  can  be  adjusted 
so  as  to  determine  measurements  up  to  14in.  To  ensure  that 
this  rod  is  properly  set  standard  bars  3in.，  5in.,  9in.,  1  lin.,  and 
13in.  long-  are  used.  In  preparing  the  brick  for  the  test,  the 
ends  of  the  brick  are  ground  so  as  to  be  parallel  to  each  other 
at  right  angles  to  the  sides.  The  length  is  then  measured 
cold.  The  brick  is  then  heated  as  in  the  compression  test ― or 
as  for  the  impact  test  in  the  case  of  top-wall  and  pile  brick ― 
removed  from  the  surface  and  measured  hot.  The  removal 
from  the  furnace  and  ineasureTnent  usually  requires  about 
30  seconds.    The  result  is  calculated  to  inches  per  linear  foot. 

Test  for  She. —— The  size  is  deter  mined  by  the  use  of  the 
micrometer  described  under  expansion  and  contraction.  All 
Tneasureinents  are  made  while  the  brick  is  at  atmospheric 
temperature.  Small  particles  of  sand,  clay,  or  foreign  matter 
adhering  to  the  brick  are  removed  before  measuring. 


FURNACE  GAS  FOR  BOILERS.* 

BY  K.  HUESSENER. 

There  are  four  causes  for  low  boiler  efficiency  in  the  utilisa- 
tion of  blastfurnace  gas  ：  (1 )  Incomplete  combustion.  (2)  Com- 
bustion with  large  excess  of  air,  (3)  Water  vapour  in  the  gas. 
(4)  Deficiencies  in  the  boiler  plant  itself. 

The  highest  combustion  tem])erature  is  obtained  when  the 
gas  is  fairly  dry  and  burned  without  excess  of  air.  For  most 
blastfurnace  eas  this  temperature  is  between  2,450°  and  2,500。 
Fall,  with  cold  gas,  and  from  2*8  to  11*8  per  cent,  higher  with 
gas  of  a  temperature  of  200°  to  600°  Fah.  It  is  an  accepted 
rule  that  for  the  same  quantity  of  any  given  gas  passed  in  a 
given  time,  the  stack  temperatures  will  be  in  inverse  relation 
to  the  combustion  temperature.  This  shows  the  importance 
of  a  low  excess  of  air,  as  a  large  excess  will  not  only  increase 
the  volume,  but  also  the  temperature  of  the  waste  gas. 

Fig.  I  shows  the  effect  of  excess  air,  water  vapour,  and 
11  nbuni ed  CO  on  the  combustion  temperature,  and  gives  the 
losses  of  both  sensible  and  latent,  heat  due  to  incomplete  com- 
bustion for  gases  containing  25  to  30  ])er  cent.  CO  with  0  to 
13  per  cent.  CO  in  the  waste  gas  without  excess  of  air.  If  the 
analysis  of  the  waste  o^as  shows  excess  of  oxygen  despite  the 
luibunied  CO,  botli  CO,  and  CO  must  be  multiplied  by  the 
factor  depending  on  the  amount  of  oxyeen  in  the  waste  gas. 
The  value  of  these  factors  is  given  by  Fie.  2.  The  cluiri  is 
correct  for  all  gases  containing  38  per  cent.  00  +  CO^,  3  per 
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Per  OeBl  Oi^gea  of  Infiltration  In  Products  contalniag  both 
CO  aaO  O 

Fig.  2.— Factors  fok  Couukcting  Analyses. 

an  efficiency  of  80' 5  per  cent,  on  cold  gas,  and  unless  this 
latter  figure  can  be  exceeded  there  would  be  no  profit  in 
washing  the  gas. 

Fig.  5  shows  losses  of  sensible  lieat  due  to  washing,  while 
Fig.  6  shows  the  effect  on  combustion  temperature  of  sensible 
heat  when  the  gas  is  burned  with  excesses  of  air  of  10  to  50  per 
cent,  respectively.  Fig.  7  shows  the  percentage  losses  for 
each  100。  Fah.  rise  of  temperature  over  the  boiler  house 
temperature,  for  varying  CO^  in  the  waste  gas,  from  furnace 
gases  containing  25  to  30  per  cent.  CO. 

Bad  boiler  conditions  and  the  losses  resulting  therefrom 
are  ：  Defective  brickwork,  causing  air  leakages  ；  insubstantial 
brickwork,  causing  high  radiation  and  conduction  losses  ；  lack 
of  boiler  houses  with  the  same  results  ；  defective  baffles  ； 
scale  ；  or  too  short  passages  for  the  products  of  combustion. 


cent,.  II.,  juui  ny  per  cent-.  N^,  dcw-poinl,  heiii^  1'20'  Kiili.,  and 
the  gas  temperature  400". 

l'，ig  \\  illustrates  the  elToct-  of  water  vapour  in  tlio  on 
fl"、  romhnstioii  temperature.  It  is  1)hso(I  on  Ijiirnincr  bhisl- 
tuniacre  gas  wiMi  10  per  cent,  excess  of  air,  the  air  l)eing  al 
(>()"  Fah.  and  carrying  different  amoinits  of  water  vapour  per 
('iil)ic  foot  of  dry  gas  measured  al,  GO')  Fah.  and  atrnosplieric 
pressure.  This  curve  will  answer  questions  as  to  the  i-enipe- 
I'atm'e  t,()  which  l)lastTurnace  gas  should  be  cooled  to  give  the 
best  efficiency.  Wit  hout.  ox(:e])iioiially  cold  water,  gas  cannot 
l)e  cooled  below  75'  Full .  Even  this  temperature  will  be 
seldom  obtained,  as  it  is  usually  profitable  to  use  cooling  water 
from  the  l)l;isl  furnace  for  washing  purposes,  so  that  the  above 
temperature  usually  lies  between  80"  and   lOfT  Fall.  The 
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difference  in  the  combustion  temperature  will  not  be  greater 
than  about  40''  Fah.  or  less  than  2  per  cent.  Heat  abstracted 
by  water  vapour  in  the  waste  gas  is  negligible. 

It  has  been  held  that  cold  clean  gas  is  preferable  to  hot 
unwashed  gas.  This  does  not  apply  to  water-tube  boilers 
where  the  tubes  can  be  cleaned  once  each  turn.  Fig.  4  gives 
the  thermal  capacity  of  the  various  constituents  of  blast- 
furnace gas  from  60'"  to  1 ,000"  Fah.,  and  may  be  used  to 
ascertain  the  value  of  the  sensible  heat  in  the  gas.  Hot  gas 
containing,  say,  107  B.T.U.  both  in  latent  and  sensible  heat  is 
just  as  valuable  as  cold  gas  of  G0°  Fah.  containing  the  same 
amount  of  heat  in  the  latent  form  alone.  A  boiler  efficiency 
of  75  per  cent,  or  higher  should  be  obtained  without  difficulty 
with  uncleaned  gas.    This  efficiency  on  hot  gas  corresponds  to 
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The  effect  of  air  infiltration  is  sliowii  In-  the  following  figures 
obtained  at  Johnstown  : —— 


Gas  rivssure. 
-   


Gas  Pressure. 
3-5in. 


CO2  ...11-7    130  18. S    li)-7    】,-).0  18-0 

Rear  temperature.         F.   ...  026     020     (iUi     578     .jTT     580  545 

Air  infiltration  here  caused  loss  not  only  because  it  all  had 
to  be  heal ed  to  stack  tcTiiperatiire.  Imt  also  because  it  resulted 


the  standpoint  of  efficiency,  nevertheless  the  author  found 
these  boilers  could  be  run  on  100  per  cent,  load  with  an 
efficiency  of  75  per  cent.  Attempts  to  overload,  however,  were 
futile.  The  chief  disadvantages  of  the  one-pass  boilers  are 
the  difficulty  of  keeping  them  air  tight ,  together  with  a  large 
radiation  and  conduction  loss  in  comparison  with  their  capa- 
city. Inasmuch  as  it  is  possible  to  run  this  type  of  boiler  on 
gas  with  high  efficiency  at  it's  rated  load,  it  will  not  pay  to 


'"fir  VkptV 
QralD 


OleiD  G(U  of  f<D  aod 
90  Graloi  of  Water  Vapor 


Ol9%  o(  OxYSeo  In  Chlmoe)  Qm 
AB&lxsla  of  Gas:  CO  J  n 
CO  25 

\                               H-  Xi 
\                          Na  S8.S 

«  Poln 
of  Oaa 


B 上 u. 


124。 


m。 


109' 


76。 


30 


20 


lemperntuiY  of  Ouoibust'OB 


2m 


aoo 


300 


800 


900 


1000  HOC 


Temperature  Degrees  Fahrenheit 

Fig.  4.— Thi':iuial  Capacity  oy  Gas 
Tkmpehatuuks. 

Gas  burned  with  air  at  60   Fall,  and  10"o  excess  air.     Gas  saturated  with  varying  aniouuts  of  water  vapour  peu  cub 

at  60'  Fall   and  atinospherio  pressure. 


Fig.  3.— Tkmpkhaturk  or  Combustion  or  Hlast- 

FURN\CE  GAS. 
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ill  an  increase  of  stack  temperature,  thus  reducing  the  heat 
absorption  capacity  of  the  boiler  tubes. 

As  regards  boiler  loads,  high  boiler  efficiencies  are  com- 
patilile  with  overloads  of  200  per  cent,  or  more.  The  load 
depends  on  the  chimney  draught,  and  the  limit  is  not  reached 
until  all  dampers  are  wide  open  and  balanced  clrauglit  io  estab- 
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lislied  in  the  combustion  chamber.  At  this  draught  the 
boilers  receive  all  the  air  and  gas  which  the  stack  can  handle. 
Further  increase  of  boiler  capacity  beyond  this  point  may  be 
made  by  the  installation  of  induced  draught.  The  maxinmni 
boiler  load  is  dependent  somewhat  on  the  dust  in  the  gas. 
The  limit  is  reached  when  it  is  no  longer  possible  to  keep  the 
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lubes  clean  by  blowing  once  every  turn.  This  limit  is  al)oiit 
1 80  per  cent,  of  the  capacity.  This  load,  however,  can  be 
exceeded  if  the  gas  is  cleaned. 

Boiler  construction  lias  coiisicl  eraljlc  indueiicc  on  tlic 
economy,  even  aside  f rorn  the  condition  of  the  boiler  set  t  in^. 
While  the  one-pass  boiler  is  considered  almost  hopeless  I'rom 


install  more  modem  boilers  for  the  purpose  of  increasing  the 
efficiencv,  if  ample  capacity  in  one-pass  boilers  is  available. 
Equally  good  efficiencies  can  be  obtained  on  all  types  of 
boilers,  provided  the  combustion  arrangements  are  carefully 
designed. 

The  factor  of  second  importance  is  that  of  draught.  The 
statement  that  a  burner  of  the  type  which  employs  a  pre- 
liminary mixture  of  gas  and  air  provides  its  own  combustion 
air  independent  of  the  chimney  draught  is  not  wholly  true. 
The  ispiration  of  any  burner  is  chiefly  dependent  on  chimney 
draught  and  stands  in  direct  relation  to  the  velocity  in  the 
mixing  chamber.  In  order  to  keep  the  relation  between  the 
gas  and  aspired  air  constant,  the  pull  and  velocity  of  the  gas 
and  air  mixture  by  chimney  draught  must  be  kept  constant, 
or  the  qiiantitive  relation  between  the  gas  and  air  will  be 
upset.  The  importance  of  draught  regulation  depends  on  the 
variation  in  the  gas  pressures.  Where  these  variations  are 
small,  the  draught  regulation  is  of  relatively  small  importance. 
It  is,  however,  of  great  importance  where  it,  is  desired  to  burn 
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gas  with  a  low  excess  of  air,  for  with  the  danipers  in  a 
stationary  position  any  increase  in  the  gas  pressure  neces- 
sarily results  ill  incomplete  combustion.  It  is  not  safe  to  raise 
CO^  higher  than  '21  per  cent,  without  automatic  draught 
regulation,  whereas  with  such  regulation  24  per  cent.  CO^  can 
be  safelv  inaintained. 


Exhibition  of  German  and  Austrian  Catalogues  in  London. ― In 

order  that  British  nianufactAirers  may  have  an  oj)nortunity  of 
familiarising  themselves  with  German  and  Austrian  methods 
of  advertising^,  the  Board  of  Trade  have  collected  over  5,000 
specimen  catalogues  of  German  and  Austrian  origin,  and  these 
may  be  inspected  at  the  Foreign  Samples  Section  of  the  Com- 
mercial Intelligence  Branch.  An  index  has  been  prepared,  in 
which  the  catalogues  are  classified.  Copies  of  this  index  may 
be  obtained  by  United  Kingdom  manufacturers  on  application 
to :  The  Director,  Commercial  Intelligence  Branch  of  the 
Hoard  of  Trade  (Foreit^n  Samples  Section),  32,  Cheapside, 
London,  E.C. 
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GAS  EXPLOSIONS  IN  FLUES.* 

Explosions  in  (lues  ami  similar  situations  :in、  roallv  rast、s  of 
rapid  t'omhustioii  of  i^as.  Coinhustil)!?  gas  iiwiy  he,  in  t  lie  lirst 
instance,  kept  apart  from  air,  and  then  supplied  tlu'oiigli  a 
burner  to  burn  in  an  atmosphere  of  air,  under  wliidi  coiuli- 
tions  the  action  is  luuler  complete  control.  When,  however, 
the  gas  and  air  become  iiiterniixed  at  a  temperature  too  low 
for  ignition,  the  resulting  niixiure  is  in  such  a  coiKlitioii  tliat 
when  a  light  or  spark  is  brought  into  contact  with  any  part 
ignition  is  produced,  which  extends  through  t lie  mass  with 
such  rapidily  that  the  audible  sensation  appears  to  be  instan- 
taneous. The  combination  of  combustible  gas  with  the  oxygen 
of  the  air  is  attended  with  us  miioh  heat  as  would  be  prod  need 
in  a  jet,  but  with  the  same  rapidity  as  the  flash,  so  that  tlie 
whole  mass  of  gas  and  air  is  raised  to  a  high  temperature 
and  the  explosion  produces  a  corresponding  pressure,  whereby 
much  damage  is  caused.  ' 

Coal  gas,  as  from  the  public  supply,  is  produced  in  retorts 
of  various  types,  which  are  raised  to  high  temperatures, 
whereby  the  gases  are  driven  off.  Gas  of  similar  nature  is 
produced  in  coke  ovens  or  by  heating  of  hydrocarbon  oils,  or 
in  other  ways.  In  gas  producers  of  various  types  a  limited 
supply  of  air  is  admitted,  whereby  an  appreciable  and  addi- 
tional amount  of  carbonic  oxide  gas  is  produced  and  delivered 
in  mixture  with  the  simple  coal  gas.  The  carbonic  oxide  is 
also  a  combustible  gas,  so  that  the  mixture  is  equally  prone 
to  explosion. 

The  coal  gas  which  is  produced  by  the  irregular  action  of 
boiler  furnaces  is  comparable  with  gas  as  supplied  for  illumi- 
nation and  other  purposes  through  the  public  mains,  although 
the  former  is  more  variable  in  composition,  and  probably  is 
never  free  from  air.  A  mixture  of  one  volume  of  illuminating 
gas  with  from  two  and  a  half  to  19  volumes  of  air  will  explode 
on  the  application  of  a  light  or  a  spark  to  the  bottom  of  the 
mixture.  A  mixture  of  from  three  and  a  half  to  10  volumes 
of  air  with  one  of  gas  will  explode  if  lighted  at  the  top. 

Coal  gas  is  much  lighter  than  air.  The  specific  gravity  of 
pure  coal  gas,  as  compared  with  pure  air,  is  usually  from  '4 
to  '5，  but  may  range  from  "25  to  '8.  Moreover,  the  gas  as 
given  off  by  a  banked  fire  is  most  probably  at  a  temperature 
distinctly  greater  than  the  temperature  of  the  admixed  air 
with  which  it  may  be  in  contact  in  the  flue,  The  combined 
effect  of  these  two  conditions  produces  a  strong  tendency  in 
the  gases  to  pass  in  a  stratum  along  the  upper  part  of  flues 
and  to  accumulate  in  any  upward  cavity  to  which  it  may 
have  access. 

It  is  obvious  that  if  the  roof  of  the  entire  flue  should  rise 
continuously  from  the  fire  to  the  chimney  without  clips, 
dampers,  or  other  interruptions,  there  would  not  be  any 
opportunity  for  gases  to  accumulate,  and  they  would  pass 
off  as  rapidly  as  they  were  produced.  In  a  Lancashire  boiler 
set  with  a  downtake  at  the  back  end,  a  small  opening  is  some- 
times cut  through  the  brickwork  at  a  high  level  between  the 
downtake  and  the  flue,  providing  a  direct  course  for  tlie  gases. 
This,  however,  allows  hot  gases  to  reach  the  flue,  and  thereby 
incurs  a  loss  of  trifling  amount. 

It  has  already  been  stated  that  if  the  combustible  gas  and 
the  air  were  to  be  kept  apart  they  would  be  quite  under 
control.  This  point  must,  however,  not  be  extended  to  imply 
safety  in  the  present  connection.  Firstly,  diffusion  of  gases 
must  ensue  and  cause  mixture  which  must,  over  extensive 
areas,  involve  absolute  certainty  of  explosion  on  the  applica- 
tion of  a  light.  Secondly,  if  special  conditions  were  in  force 
to  prevent  diffusion,  and  if  the  boundary  were  sharply  defined 
with  gas  above  and  air  below,  tlie  liability  to  explosion  would 
still  exist  throughout  the  length  and  width  of  the  contact 
surface  between  gas  and  air  ；  possibly,  this  particular  phase 
of  the  question  involves  greater  danger  than  any  other. 

The  simplest  case  of  flue  explosions  is  found  where  a  very 
Hot  fire  is  loaded  with  fuel  in  such  a  manner  as  to  produce 
coal  gas,  which  may  be  given  off  free  from  mixture,  or  with 
admixture  of  carbonic  oxide,  due  to  the  passage  of  a  strictly 
limited  amount  of  air  through  the  bed  of  fuel.  In  either  case, 
up  to  this  point,  the  gas  is  practically  in  a  non-explosive 
condition.  This  general  condition  is  very  common  in  the 
banking  of  fires  for  the  night's  stoppage.    If,  however,  prior 

*  Vrom  "  Vulcan,"  the  official  organ  of  the  Vulcan  Roller  and  General  Insurance 
Coinpany.  Ltd. 


t'o  banld":  l\w  fire  is  allowed  l,o  burn  down  without  receiving 
card'ul  atientio!!,  it  will  liav (！  hecorno  tliin  in  Home  parts, 
aiid  |"()l>; 山 ly  l;iro;e  sections  of  the  gr;ae  will  l)e  (jiiite  l)are. 
Ill  dl  licr  cJLsc  I  lie  fire  may  in  siicli  parts  fail  l,o  p (膽 siifll- 
vil  aliiy  I  n  continue  ； ilii^hi,  so  that  air  is  ；" ImiUed  wil  li- 
oi",  cliaiicre  ilirough  such  parts  of  the  grate,  Alteniat ivfly, 
Uie  whole  gn'Ue  "lay  carry  fire  in  all  degrees  of  streii^ili,  so 
that,  strong  combustible  gas  is  given  ofl  in  one  part,  varying 
to  practically  pure  air  in  other  parts.  Thus  the  gases  as  a 
whole,  when  mixed  together,  may  be  in  a  highly  explosive 
coiuUiioii,  and  in  the  course  of  a  night  the  whole  length  of 
flues  may  be  charged  with  such  gases.  If  a  light  were  applied, 
or  a  spark  were  to  reach  the  mixture,  a  violent  explosion 
would  be  inevitable,  and  this  is  frequently  effected  by  tlie 
action  of  the  stoker  in  breaking  up  the  fire,  wliicli  brings 
incandescent  fuel  to  the  surface  or  allows  a  stream  of  incan- 
descent gas  to  pass  along  the  flues.  In  many  such  cases  safety 
can  be  assured  by  first  opening  the  dampers  and  firing  doors 
in  tlie  morning  and  allowing  time  for  the  explosive  gas  to  be 
cleared  out  up  the  chinniey  before  the  fires  are  broken  up  or 
touched. 

It  often  happens  that  flues,  economiser  spaces,  &c.，  become 
charged  witli  a  mixture  which  contains  so  much  air  as  to  form 
a  strong  explosive  mixture  with  coal  gas.  In  such  case  the 
result  is  very  similar  to  that  in  which  tlie  mixture  is  effected 
in  the  furnace,  but  the  damage  caused  by  explosion  may  be 
located  between  the  boiler  and  the  cllimney.  Here  again 
the  explosion  cannot  be  started  without  introducing  a  medium 
of  high  temperature  into  the  explosive  mixture  of  gases.  This 
is  most  likely  to  be  effected  in  the  furnace ― as  before ― and 
transmitted  by  a  weak  mixture  of  explosive  gas  to  the 
stronger  mixture  in  the  part  in  which  the  destructive  effects 
are  most  clearly  manifested. 

From  the  above  it  follows  that  the  fires  should  receive 
careful  preparation  before  banking  for  lengthy  periods. 
Cleaning  or  removal  of  ash  should  be  done  a  short,  time 
previous  to  stopping  time,  and  the  fires  should  be  afterwards 
burnt  to  a  suitable  temperature  and  bulk  ；  then  they  should 
be  levelled  to  approximately  uniform  thickness  and  the  bank- 
ing fuel  also  applied  to  an  approximately  uniform  thickness. 

Ill  connection  with  the  banking  of  fires,  the  adjustment  of 
the  dampers  is  an  operation  of  some  difficulty.  It  is  generally 
impossible  to  shut  the  dam  per  close  to  the  stops,  as  this  would 
cause  the  escape  of  smoke  or  gases  to  such  an  extent  as  to  fill 
the  boiler-house  to  suffocation.  A  little  further  opening  of 
the  damper  may  stop  the  escape  of  gases  into  the  house,  but 
may  not  effect,  their  passage  up  the  chimney  ；  the  gases  there- 
fore accumulate  in  tlie  flues,  the  economiser  space,  and  any 
other  cavities.  Opening  to  an  appreciably  greater  amount 
involves  further  difficulties,  one  of  which  is  the  "burning 
out  "  of  the  fires. 

In  ordinary  cases  the  difficulties  in  connection  with  adjust- 
ment of  dampers  are  completely  overcome  by  arranging  to 
shut  each  damper  close  to  the  stops  and  provide  sufficient  area 
for  the  occasion  by  boring  holes  in  the  damper.  Such  holes 
must  be  placed  in  the  upper  part  of  the  damper,  so  as  to  pass 
tlie  light  gases,  whereas  if  they  were  placed  at  a  lower  level 
they  iniglit  pass  stagnant  air  and  omit  to  pass  the  combus- 
tible gases.  The  holes  should  be  of  liin.  to  2in.  diam.,  and 
sufficiently  numerous  to  suit  the  case.  It  is  better  to  drill 
the  holes  one  or  two  at  a  time,  so  as  to  avoid  the  provision 
of  more  holes  than  necessary.  If,  however,  this  is  done  the 
excess  holes  may  be  stopped,  preferably  by  the  use  of  screwed 
plugs.  In  special  cases  a  supplementary  by-pass  may  be 
adopted,  in  principle  equivalent  to  general  practice  in  con- 
nection with  steam  stop  valves  or  gas-supply  fittings.  The 
leading  point  to  remember  is  that  the  clamper  may,  under  all 
ordinary  conditions,  be  closed  against  a  definite  stop. 

It  is  obvious  that  explosion  may  be  produced  by  mixture 
of  air  and  combustible  gases  from  other  sources  than  the 
ordinary  furnaces  of  steam  boilers.  Explosions  have  occurred 
in  connection  with  ordinary  Lancashire  boilers  when  liaml- 
fired  with  wood  waste  or  other  bulky  material  liable  to  rapid 
gasification.  These  explosions  are  due  to  the  choking  of  the 
furnace  by  a  close  mass  of  the  fuel,  whereby  the  air  is  largely- 
excluded  from  the  fire,  during  tlie  period  when  combustible 
gas  is  being  distilled,  while  a  moderate  amount  of  air  enters 
at  the  back  end  of  the  grate,  or  elsewhere,  and  becomes  mixed 
with  the  gas.    Such  a  mixture  may  accumulate  until  tlie  fire 
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burns  throufjh  the  fuel  and  effects  an  explosive  ignition.  In 
such  a  case  the  obvious  remedy  consists  in  avoiding  the  cliok- 
iiig  of  t  lie  fire,  /(,  by  feeding  in  smaller  quantities  at  shorter 
intervals  of  time. 

Many  explosions  have  occurred  in  connection  with  oil 
firing.  Practically  these  are  true  gas  explosions,  as  liquid 
fuel  is  virtually  converted  into  gas  before  burning.  These 
accidents  have  principally  arisen  in  one  of  two  ways.  Firstly, 
the  oil  is  turned  on  and  gasified  during  some  appreciable 
length  of  time  before  lighting,  so  that  the  furn ace  is  more  or 
less  fonipletelv  filled  in  the  meantime  with  an  explosive  mix- 
ture of  gas,  which  is  fired  when  the  jet  is  lighted  or  when  it 
is  brought  into  a  full  flaming  condition.  This  point  may  be 
illustrated  in  any  gas-lighting  burner  which  is  enclosed  by  a 
lantern,  or  even  by  the  fittings  of  an  ordinary  incandescent 
burner.  If  a  lighted  taper  is  held  to  the  burner,  and  the  gas 
is  afterwards  turned  on,  the  gas  is  lighted  in  silence.  If,  on 
the  other  hand,  the  gas  is  first  turned  on  and  allowed  to 
accumulate  in  the  casing,  then  the  taper  is  applied  only  a  few 
seconds  later,  the  gas  will  ignite  witli  explosive  violence.  In 
the  second  division  some  part  of  the  oil  escapes  the  gasification 
process  by  reason  of  some  defect  in  the  burner,  while  the  flame 
is  burning  more  or  less  imperfectly  and  tlie  mixture  is  fired 
when  the  temperature  of  the  flame  is  increased. 

Explosions  have  occurred  in  connection  with  the  crank 
chambers  of  high-speed  engines  in  which  tlie  crank  pins  are 
lubricated  by  spoon.  The  agitation  of  the  oil  raises  a  kind  of 
oil-mist  which  is  easily  ignited  by  a  lamp  inadvertently 
inserted  for  examination  of  bearings,  &c.  Obviously  the 
formation  of  oil-mist  in  this  way  is  promoted  by  tlie  heat  from 
a  defective  bearing. 

Solid  carbonaceous  fuel  burns  under  complete  control  when 
supplied  with  air,  and  the  rate  of  combustion  is  regulated  in 
accordance  with  the  quantity  of  air  brought  into  contact  per 
second  or  per  hour.  With  a  feeble  supply  of  air  the  fuel 
burns  very  slowly  with  a  dull  fire.  With  a  more  abundant 
supply  of  air ― as  with  forced  draught 一 the  fuel  is  more 
rapidly  coiisum ed  and  intense  incandescence  is  produced. 
When  gaseous  fuel  is  supplied,  or  is  produced  adventitiously, 
apart  from  flame,  spark,  or  high  teni perature,  it  may  be  mixed 
or  stratified  with  air  without  firing.  If，  however,  any  part 
of  such  compound  should  be  ignited,  the  fire  extends  with  great 
rapidity  throughout  the  whole  mass.  Such  explosions,  how- 
ever, are  usually  much  less  violent  than  those  which  are  pro- 
duced bv  solid  military  explosives,  by  detonation  produced  by 
a  primary  explosion  of  special  force. 

The  amount  of  force  produced  in  a  gas  explosion  princi- 
pally depends  upon  the  accuracy  and  the  homogeneity  of  the 
mixture.  Generally,  the  air  is  in  excess,  so  that  the  gas  is 
completely  consumed  and  surplus  air  is  present  to  prevent 
the  temperature  of  the  resulting  gases  from  attaining  the 
maximum.  The  amount  of  energy  developed  in  the  form  of 
heat  is  definitely  measured  by  the  temperature  and  the  quan- 
tity of  gas  heated.  The  heat  produced  is  imparted  to  the 
whole  mass  of  gas  practically  without  loss  or  qualification. 
As  an  example,  a  gas  may  be  assumed  with  a  calorific  value 
half  as  great  as  that  of  pure  marsh  gas.  If  this  is  fired  with 
ail  amount  of  pure  air  just  sufficient  to  effect  chemical  com- 
bination, the  pressure  will  rise  to  621bs.  per  square  inch  above 
the  atmosphere  at  constant  volume.  As  already  noted,  the 
air  is,  in  first  instance,  usually  considerably  in  excess,  so 
that  the  pressure  will  not  reach  62 lbs.,  but  a  much  lower 
pressure  will  suffice  to  cause  much  damage.  On  tlie  other  hand, 
in  some  cases  the  strength  of  the  gas  is  liable  to  be  more  tliaii 
equal  to  half  the  strength  of  pure  niai^sh  gas.  The  oxygen  of 
the  air  is,  obviously,  the  active  agent  in  producing  the  explo- 
sion. If  this  could  be  supplied  apart  from  the  acconipanyiiig 
nitrogen,  the  heat  generated  in  the  explosion  would  be  distri- 
buted over  a  smaller  amount  of  resulting  gas,  and  would  give 
«a  higher  pressure  upon  a  smaller  area.  In  other  words,  the 
same  anioiuit  of  force  would  l)e  conceiil  rated  upon  a  smaller 
area. 

Mixtures  of  combustible  dust  and  air  are  also  liable  to 
explosion  in  a  manner  similar  to  ^as  and  air.  Obviously, 
tlie  dust  must  bo  in  the  form  of  a  cloud  suspemled  in  1  he  air. 
Some  of  the  earliest  accidents  of  this  kind  were  in  connection 
wit  li  t  lie  dust  chambers  of  flour  mills.  In  other  cases,  fine 
sawdust  lias  been  the  combustible  element,  and  in  rccriit  years 
most  disastrous  explosions  have  occurred  with  coal  dust  in 


mines.  The  importance  of  this  question  as  affecting  the  work- 
ing conditions  in  coal  mines  has  led  to  the  institution  of  many 
experiments  on  a  large  scale,  in  some  of  which  staTtliug 
results  were  obtained.  A  gallery  of  nearly  a  thousand  feet 
length  was  prepared,  about  two-thirds  of  which  was  made  of 
boiler  shells  7ft.  6in.  diam.，  and  of  strength  to  burst  at  1601bs. 
pressure.  Some  of  these  were  shivered,  and  the  fragments 
dispersed  over  great  distances.  Dr.  Harger  has  shown  that  a 
comparatively  small  amount  of  CO^  materially  reduces  the 
liability  to  explosion. 

The  principal  interest  of  the  above  question,  in  the  present 
connection^  is  in  the  fact  that  many  explosions  in  flues  have 
been  caused  by  coal  dust.  Principally  these  have  arisen  in 
connection  with  the  adoption  of  dust  firing  of  boilers,  and 
particularly  by  opening  tlie  fuel  valve  without  ensuring  that 
the  jet  of  dust  fuel  should  be  simultaneously  lighted  as  already 
explained  in  connection  with  the  starting  of  gaseous  or  liquid 
fuel  jets.  It  is,  however,  quite  possible  that  dust  explosions 
may  occasionally  arise  in  connection  with  the  flues  of  coal- 
fired  boilers  ；  "perhaps  the  most  likely  manner  would  be  in 
l>reakiiig  u p  ci,  lire  which  has  been  banked  with  dusty  fuel, 
and  in  which  there  is  draught  power  to  disperse  coal  dust 
equal  to  half  an  ounce  per  cubic  foot  of  space. 

Accurate  proportions  to  obtain  perfect  combustion  are 
about  lib.  of  good  fine  coal  dust  to  133  cub.  ft.  of  air,  or, 
say,  one-eighth  part  of  an  ounce  per  cubic  foot  of  air.  Four 
ounces  of  dust  per  cubic  foot  of  air  was,  however,  the  quantity 
of  dust  used  in  the  experiment  above  referred  to  ；  in  such 
cases  a  considerable  surplus  of  coal  dust  remains  unburnt. 

Explosive  mixtures  of  either  gas  and  air  or  of  coal  dust  and 
air  possess  many  features  in  common,  whether  they  are  pro- 
duced in  flues  or  in  mining  operations.  It  is  obvious  that 
the  ultimate  origin  of  the  mixture  and  the  proportions  neces- 
sary to  produce  explosive  chemical  combination  are  practi- 
cally identical.  It  may,  therefore,  be  indirectly  useful  to 
make  reference  to  some  points  whereby  the  occurrence  of 
colliery  explosions  are  obviated.  These  are  of  more  interest 
in  regard  to  the  physical  characteristics  of  the  mixture  than 
to  direct  applicability  to  the  present  question. 

Primarily,  explosion  is  caused  by  the  application  of  heat 
sufficient  to  produce  high  temperature,  by  diverse  means, 
including  contact  with  hot  solid  bodies,  hot  gas,  or  sparks. 
The  spark  may  be  produced  by  electric  current,  hot  glowing 
points  of  combustion,  or  by  friction.  Sparks  by  friction  are 
usually  produced  in  connection  with  mechanical  details  which 
are  overloaded,  or  overheated  by  deficiency  of  lubrication,  or 
by  accidental  contact  of  moving  details.  Casual  sparks  ob- 
tained in  this  way  are  attended  with  great  danger,  but  often 
occur  without  causing  explosion.  In  1760  a  flint  and  steel 
mill  was  designed  by  Speeding,  intended  to  provide  a  light 
of  sufficient  power  to  give  safe  and  useful  illumination  in  a 
fiery  coal  mine.  It  was,  however,  found  in  the  mine  that 
explosions  were  caused  by  the  sparks  produced  and  the  project 
collapsed. 

Glowing  points  of  combustion  in  the  present  connection 
are  most  frequently  produced  by  light  shavings,  paper,  &c.， 
which  may  be  ignited  in  tlie  fire  and  carried  forward  by  the 
draught  until  they  meet  with  a  pocket  of  explosive  gas  in  the 
flue.  Sparks  from  electric  current  may  be  produced  in  an 
infinity  of  ways.  In  connection  with  sparks  from  any  possible, 
source  in  a  coal  mine,  it  is  probably  possible  to  adduce  most 
trustworthy  evidence  to  show  that  such  sparks  have  been  dis- 
played in  contact  with  explosive  gas  without  producing  igni- 
tion. It  is,  however,  impossible  to  accept  such  as  of  the  least 
value  without  also  including  assured  and  detailed  evidence  as 
to  the  strength  of  the  spark  and  the  composition  of  tlie  gases. 

The  safety  lamp  was  designed  by  Sir  Humphrey  Davy,  and 
was  intended  to  provide  a  completely  safe  light  for  use  iu 
mines.  The  leading  feature  of  this  lamp  is  in  the  use  of  a 
wire  gauze  screen  which  was  found  to  allow  the  passage  of  a 
certain  amount  of  light,  while  preventing  the  ignition  of  any 
surroundint^  atmosphere  of  dangerous  gas.  Moreover,  the 
flame  in  tliis  lamp  when  burning  in  a  dangerous  position 
shows  a  cap  which,  in  the  hands  of  an  experienced  man,  gives 
useful  warning  of  the  danger.  Practically  all  lamps  now  in  use 
are  derived  from  the  original  Davy,  but  many  scores  of  inven- 
tors have  nieanwliile  ooiitributed  to  effect  itnprovements, 
many  of  wlii (； li  are  intended  to  circumvent'  the  dangerous  in- 
t orfereiice  of  workmen. 
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Tilt'  I  ISO  ol"  a  i^;auze  screen  in  a  salVtv  la  iit  {>  is  based  upon 
the  t'omlm'ting  powcM*  of  t  Ite  imMallir  i>aiiz('  wit  h  regard  to 
heat',  whereby  a  llamo  of  mo(l(、ia"'  power  is  prevented  from 
passino-  through  the  gauze.  This  may  he  shown  by  an  ordi- 
nary erect  i>;is  ))urncr.  A  horizontal  slieel  of  gauze  may  be 
lield  at  a  clistiuioe  of  2iii.  or  above  the  burner  and  the 

gas  turned  on.    The  gas  may  be  eit  her  above  or  below 

the  gauze,  but  the  flame  will  not  pass  tluough  the  gauze. 

Gauze  screens  cannot  be  used  in  connection  with  boiler 
flues,  hut  similar  cooling  effect  may  often  be  in  action  along 
otlier  lines  to  prevent  accidents  or  to  minimise  the  result. 
Such  action  must,  however,  be  regarded  as  utterly  luireliahle, 
and  it  is  imperative  thai  every  possible  precaution  should  be 
adopted  to  ensure  safety. 


EFFECT  OF  SULPHUR  IN  RIVET  STEEL,* 

BY  DR.  J.  S.  UNGER. 

Sulphur  in  steel,  whether  justly  or  unjustly,  is  held  respon- 
sible for  its  bad  working.  As  a  result  the  specifications  cover- 
ing the  allowable  amount  of  this  element  have  been  gradually 
lowered  until  in  certain  cases  below  0.030  per  cent,  is  the  limit 
demanded.  It  is  very  difficult  to  reach  this  limit,  and  when 
reached  there  is  grave  doubt  in  the  minds  of  many  whether 
the  quality  of  the  steel  has  not  suffered  by  the  excessive  puri- 

Table  I. 

/Jest  n/cf  ion  7V '、'?*.、•  of  Riveted  ,1  oin  /.、'  uikI  A  /if/h's. 


1  ^ 

1 

r  content. 

Riveted  joints, 
shearing  strength. 

Riveted  angles, 
breaking  load. 

Lbs. 

Lbs. 

0 

：]3,'24(» 

0 

0(io 

-Jr8,3(H> 

0 

48,800 

30,()()(» 

0 

140 

0 

ISO 

47,400 

20,180 

fication  required  to  produce  such  results.  The  following 
experiments  were  made  to  study  the  effect  on  the  working 
and  physical  properties  of  rivet  steel  by  gradually  increasing 
the  amount  of  sulphur  until  it  had  been  raised  to  a  point  far 
above  that  usually  found  in  such  steel. 

The  steel  used  was  basic  open-hearth  of  carbon  0  09  per 
cent.  ；  manganese,  0'43  per  cent.  ；  phosphorus,  0'012  per 
cent.  ；  sulphur,  0  031  per  cent.  The  sulphur  content  of 
certain  ingots  from  this  heat  was  increased  progressively  by 
adding  weighed  quantities  of  sulphur  to  these  ingots,  the  addi- 
tions being  regulated  to  secure  as  near  as  possible  a  uniform 
increase  of  sulphur  from  one  ingot  to  the  next  higher.  The 
heating  and  rolling  was  done  in  the  regular  way  and  all 


iiUMiher  of  aiij^les.  These  saiiipleH  were  i  lien  tested  to  deHiruo 
tioii  with  the  result's  sliowii  in  Table  I.  Hot li  the  tennile  and 
shearing  strengths  decreased  with  the  percentage  of  huI|>Iiui\ 
the  tensile  nearly  13  per  cent,  and  the  shearing  over  0  per 
cent.  With  the  exception  of  the  ()()90  sample  in  the  sliearinj^ 
and  ot  tlie  0"I4()  in  the  tensile  tests,  the  (liminution  of  si  rfMi*/!  Ii 
was  continuous. 

The  results  of  tensile  and  bending  tests  upon  t  lie  rolled 
bars  were  as  shown  in  Table  II. 

Table  II. 

T ensile  Tests  of  ^in.  diam.  Rounds  a.s  llolltd — 0*()9 《！ arhon. 


Sulphur' 
content. 

Elastic  limit, 
lbs.  ]HM*  sq.  in. 

Ultimate 
strength, 
lbs.  per  sq.  in. 

Elongation 
in  8iu" 
per  cent. 

Reduction 
of  area, 
per  cent  . 

0-()3(» 

:ii，:J"" 

50,4fK) 

:UhS 

64*2 

()-(MiO 

3'2，74(> 

65-3 

51,400 

62-5 

0-140 

:n,0()0 

50,7(10 

:j2r> 

64-2 

()-180 

31,530 

50.900 

30-7 

62-3 

Tests  were  made  on  extra-long  rivets  under  ordinary  con- 
ditions to  determine  if  one  rivet  head  would  stand  as  well  as 
another.  Nick  bends  were  made,  and  the  heads  of  the  rivets 
were  bent  to  see  if  any  differences  would  be  found  in  these 
cold  bends,  due  to  the  varying  sulphur  contents.  A  similar 
set  of  tests  was  tried  in  which  the  rivets  were  heated  to  a 
driving  heat  (1,200°  C.)，  then  taken  out  of  the  fire  and 
quenched  in  cold  water  to  show  the  effect  of  drastic  cooling 
from  a  high  heat.  A  third  set  of  tests  was  made  on  rivets 
that  were  heated  to  a  blue  heat  (350°  C.)，  then  quenched  in 
cold  water. 

The  object  in  all  these  tests  was  to  show  whether  the 
different  treatments  affected  the  rivets  differently  and 
whether  the  higher  sulphur  rivets  were  affected  to  a  greater 
degree  than  the  lower  sulphur.  The  results  are  given  in 
Table  III.  In  addition  to  these  tests,  a  double  shearing  test- 
was  made  on  the  ？ in.  rounds  of  each  sulphur  content  in  the 
ordinary  condition.  The  shearing  strength  of  each  sample 
was  as  follows  : —— 


Sulphur  content  . 

Shearing  strength  in  lbs" 
double  shear. 

33,430 

O-OfiO 

33,0(>O 

:U,0()0 

<)-14(» 

33,100 

0180 

34.000 

So  far  as  the  author  lias  been  able  to  determine  there  does 
not  appear,  by  working  tests  made  on  the  finished  rivet,  to  be 


Table  III. —— Tensile  Tests  of  |///,  Rivets  in  Ordinanj  ( 'audit ion  (i nd  Quen vhed . 


Sulphur 

Elastic  limit,  lbs.  per  sq.  in. 

Ultimate  strength,  lbs.  per  sq.  in. 

Elongation  in  8in.,  per  cent. 

Reduction  of  area,  per  cent. 

content. 

h 

b 

b 

b 

0-03() 

34,010 

14,100 

：)2,700 

51,740 

09,700 

50,630 

:U-2 

8*1 

23-0 

70-2 

O-lOO 

44,450 

31,000 

51,050 

71.160 

50,400 

34-() 

fl-8 

2r>-o 

70-4 

62-7 

"咖 

37, 柳 

.54  ，咖 

•Ti  ，標 

51,620 

50,140 

7-*i 

32-8 

67-3 

53-7 

5<)-2 

:U,:V2() 

3'2，0(i0 

50,320 

70,520 

49,500 

33-7 

111 

32  0 

67' 】 

58-3 

60*8 

()-180 

33,340 

32,200 

51,050 

fi7,850 

:n'4 

10- (i 

34*0 

65-8 

54-8 

60-4 

(； I )  Ordinary  condition,    (b)  Quenched  in  water  from  I  ,'200°  ('-    (c)  Quenched  in  water  from  350。  C. 


ingots  were  treated  alike.  The  finished  ^in.  diam.  rounds 
were  alike  in  every  pai'ticular  as  regards  com  position,  heat- 
ing, and  rolling,  except  that  they  carried  different  amounts 
of  sulphur.  The  rolled  bars  showed  the  following  amounts  of 
sulphur  ：  0-030  per  cent.,  O'OGO  per  cent.,  0  090  per  cent., 
01 40  per  cent.,  0180  per  cent. 

Tests  were  made  on  three  separate  heats  of  steel  with 
different  sulphur  contents.  Tests  were  also  m ade  on  bars 
riveted  up  at  different  driving  temperatures.  To  determine 
what  might  be  expected  of  the  rivets  when  in  actual  service, 
a  munber  of  bars  were  riveted  together  and  in  addition  a 


any  way  of  distinguishing  between  the  quality  of  a  rivet  of 
0  030  per  cent,  sulphur  and  one  of  0  090  per  cent,  sulphur,  if 
both  have  been  subjected  to  the  same  conditions. 


*  AbstracI 


1  >efore  the  American  Boiler  Mauufacturei's'  Assoc ia- 


Lloyd's  Shipbuilding  Returns.—  The  returns  compiled  by 
Lloyd's  Register  oF  Shipping  show  that  there  were  440 
merchant  vessels  of  1,540,218  tons  gross  under  construction  in 
the  United  Kingdom  at  the  close  of  the  quarter  ended  June 
30th,  1916.  The  tonnage  is  about  117,000  tons  more  than 
that  which  was  in  hand  at  the  end  of  last  quarter,  and  about 
33,000  tons  more  than  the  tonnage  building  12  months  ago. 
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HOLBECK  SYSTEM  OF  POWDERED  COAL  BURNING. 

We  are  indebted  to  "  The  Iron  Age  "  for  the  following  par- 
ticulars of  the  Holbeck  system  of  powdered  coal  burning,  as 
installed  at  the  plant  of  the  Middletown  Car  Company,  of 
iliddletown,  Pa.,  U.S.A.,  where  it  is  utilised  for  drop  forge 
and  other  heating  furnaces.  The  general  scheme  of  the 
system  is  shown  in  the  accompanying  illustration.  The 
powdered  coal  is  distributed  by  being  blown  by  means  of  an 
air  current  through  a  pipe,  which  makes  a  circuit  around  the 
plant,  returning  to  the  blower.  There  is  a  branch  pipe  to  eacli 
furnace,  which  may  be  cut  in  and  out  as  desired.  The  striking 
feature  of  the  installation  is  that  the  powdered  coal  distribut- 
ing main  is  2,125ft.  long.  It  contains  37  elbows  and  spans 
a  cranewav  five  times.  Bituminous  run  of  mine  or  slack  coal 
is  deposited  in  a  track  hopper  and  a  reciprocating  feeder  feeds 
the  coal  into  the  hopper  of  a  two-roll  coal  crusher.  This 
delivers  to  a  24iii.  belt  conveyor,  which  carries  the  coal  to 
the  boat  of  a  bucket  elevator,  and  by  means  of  this  and  a 
12in.  spiral  conveyor  the  coal  is  discharged  into  a  100-toii 
coal  bunker. 

The  crushed  or  slack  coal  is  taken,  as  required,  from  the 
coal  bunker  through  a  6in.  spiral  conveyor  to  the  hopper  of 
an  automatic  scale,  where  it  is  weighed  in  1001b.  lots  and 
passed  on  through  another  Gin.  conveyor  to  the  rotary  coal 
drver.  This  coal  dryer  employs  a  steel  shell  revolving  at  the 
rate  of  o  revs,  per  minute.  It  is  set  at  an  inclination  of  about 
^Jin.  to  the  foot.  A  slow  fire  is  maintained  in  the  fire  chamber, 
placed  at  the  delivery  end.    The  products  of  combustion  pass 


length  of  the  distributing  main  has  already  been  mentioned. 
A  large  flue,  600ft.  long,  connects  many  of  the  furnaces  with  a 
chimney  stack,  6ft.  diam.  by  100ft.  high,  so  that  the  gases  and 
products  of  combustion  may  be  taken  out  of  the  plant. 

For  drop  forge  work  the  best  results  are  obtained  by  using ' 
a  furnace  with  a  combustion  chamber,  as  shown  in  one  of  the 
sketches  in  the  diagram  cut.  This  chamber  acts  as  a  gas  pro- 
ducer. The  pulverised  coal  is  almost  instantly  converted  into 
a  fixed  gas  and  passes  over  the  bridge  wall,  in  the  hot  state, 
into  the  heating  chamber  where  it  meets  additional  air,  thus 
burning  and  developing  a  high  temperature.  Forging  heat's, 
it  is  stated,  are  obtained  inside  of  20  minutes  from  the  time 
of  starting  the  fire,  which  is  started  by  igniting  a  small  piece 
of  oiled  waste  and  placing  it  in  the  burner  and  turning  on 
the  coal  dust. 

Another  type  of  furnace  shown  is  the  under-fired  furnace. 
In  this  case  the  combustion  chamber  is  dispensed  with  and  the 
stock  introduced  into  the  furnace  from  the  top.  For  some 
work,  such  as  drawing  out  or  heating  on  the  end  only,  this 
style  of  furnace  gives  very  good  service,  but  where  it  is  neces- 
sary to  heat  the  stock  all  over  the  combustion  chamber  fur- 
nace, it  is  stated,  gives  Ihe  best  satisfaction.  Mr.  Holbeck 
has  found  that  lOlbs.  of  pulverised  coal  is  equivalent  to  1  gall, 
of  fuel  oil. 


Holbeck  System  of  Powdered  Coal  Bubning. 

Up  through  the  dryer  in  direct  contact  with  the  coal,  thus 
evaporating  the  moisture  in  the  coal  and  carrying  it  in  sus- 
pension and  up  the  stack. 

The  coal  is  exposed  to  the  lieat  for  about  20  minutes.  A 
9iii.  spiral  conveyor  receives  the  coal  as  it  is  leaving  the  dryer 
and  conveys  it  to  a  small  coal  storage  bin  placed  between  the 
pulverisers.  The  pulverisers  are  equipped  with  vacuum 
separators,  so  that  it  is  necessary  for  the  coal  to  be  pulverised 
to  a  fineness  where  it  will  float  in  a  partial  vacuum  before  it 
can  leave  the  pulverisers.  The  exhausters,  indicated  on  the 
platform  in  the  diagram,  bring  about  the  partial  vacuum  in 
the  separators  and  exhaust  the  powdered  coal  from  i  he 
separators  and  blow  it  into  the  collectors.  The  collectors 
extract  the  coal  from  the  air  and  deposit  it  into  the  storage 
bin.  The  air  returns  to  the  pulverisers  to  l)e  used  over  again. 
The  coal  dust  is  fed  from  tlie  storage  bin  into  the  dist ri]>utiiiy 
system  by  a  Bin.  dou})]e  flight  conveyor. 

Tlie  distributing  system  includes  a  blower  Furnishing  air  at 
12ozs,  pressure  and  a  circuit  of  sheet  metal  piping  for  coii- 
veyintj  throughout  the  works  the  coal  dust  ii)  suspension  in 
air.  Branch  pipes  are  run  from  the  main  pipe  to  the  burners 
and  furnaces.  The  amount  of  fuel  to  each  burner  is  controlled 
by  a  valve  in  the  branch  pipe.  Furnaces  coiisuiriiiig  as  low  as 
lOlbs.  and  as  high  as  4001bs.  of  coal  per  hour  are  served.  The 


CORROSION  AND  THE  ELECTROCHEMIST.* 

BY  \V.  H.  WALKER. 

In  the  valuable  contribution  of  Dr.  McCullom  and  his  co- 
workers at  the  U.S.  bureau  of  standards  upon  the  corrosion  of 

iron  structures  when  buried 
in  the  ground,  a  terminology 
is  employed  which  is  very 
useful  in  discussing  the 
damage  occasioned  by  stray 
electric  currents,  as  con- 
trasted with  that  caused  by 
the  natural  corrosion  of  the 
iron  unaccelerated  by  an  ex- 
ternal electromotive  force. 
But  while  it  is  logical  to 
call  the  first  type  of  cor- 
rosion "electrolytic,"  be- 
cause induced  by  the  flow 
of  an  impressed  electric 
current,  it  is,  however, 
illogical  to  describe  the 
latter  type  a  "self-cor- 
rosion" because  of  the  un- 
avoidable inference  that 
it  is  not  electrolytic,  but 
is  purely  chemical  in  its 
nature.  It  may  possibly 
be  due  to  this  lack  of  a 
clear  conception  of  the 
mechanism  of  natural  cor- 
rosion on  the  part  of  the  electrical  and  mechanical  engineers 
that  they  have  displayed  so  little  interest  in  the  subject,  and 
liave  so  tardily  availed  themselves  of  the  knowledge  of  the 
phenomena  now  at  their  disposal. 

Ill  dealing  with  problems  of  corrosion  the  engineer  is  satis- 
fied if  he  can  explain  a  phenomenon  by  stating  "  that  a 
galvanic  cell  is  set  up/'  Thus  a  piece  of  coal  in  contact  with 
an  iron  plate  or  a  bit  of  mill  scale  on  a  pipe  will  cause  a  pit  to 
form  because  it  sets  up  a  galvanic  cell."  From  a  chemical 
point  of  view  both  the  coke  and  the  mill  scale  are  perfectly 
inert  ；  how  then  can  they  cause  galvanic  action ― what  role  do 
they  play  in  the  solution  of  the  iron  which  produces  a  pit  ？ 

Corrosion  is  an  electrolytic  plieiiomenon,  and  can  be  under- 
stood by  electrical  engineers  on  purely  electro-chemical 
grounds.  It  takes  place  at  ordinary  temperatures  only  in  the 
presence  of  water  through  the  reaction 

Fe  +  2H*— Fe'+2H 
This  reaction  means  that  a  metallic  iron  atom  electrically 
i>eutral  interacts  with  two  hydrogen  ions  present  in  tlie  water. 
The  hydrogen  ions  carry  electrical  charges,  and  the  result  is 
the  production  of  an  iron  ion  which  takes  up  the  two  electrical 
charges  from  the  hydrogen  ions,  also  two  atoms  of  hydrogen 

*  Paper  read  before  tlie  American  Electroclioniical  Society. 
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are  (lopositiul.  Energy  is  lost,  to  the  surroundiiii^s  and  appears 
as  ekH'trit'it  V  and  lu、at.  The  factors  which  inllueiu'o  I  lie  action 
may  be  srgi-ogatod  into  five  groups. 

First,  t  lie  solution  pressure  of  tlio  iron  is  constant  lor  all 
samples  o I'  iioti  umh"'  conslant  coiulitioiis,  but  may  be  influ- 
enced by  a  miinl>er  oi'  agents.  Tluis  the  immunity  of  iron  to 
corrosion  in  solutions  of  chroinic  acid  is  undoubtedly  caused  by 
the  passivity  of  the  iron,  a  thing  which,  whatever  its  true 
nalure,  is  equivalent  to  lowering  t'lie  electrolytic  solution  pres- 
sure of  the  metal.  The  impression  of  an  external  electromotive 
force  nuiv  also  be  considered  as  equivalent  to  a  change  in 
solution  pressure.  This  pressure  may  be  either  positive  or 
negative  in  its  direction.  If  the  potential  employed  be  gene- 
rated niechanically,  we  speak  of  it  as  a  stray  current,  but,  if 
electro-clieniical  in  its  origin  it  is  described  as  the  accelerating 
or  retarding  effect  of  otiier  bodies.  Thus  iron,  which  itself  is 
incapable  of  corrosion  when  embedded  in  concrete,  is  severely 
attacked  if  its  solution  pressure  be  sufficiently  increased  by 
having  superimposed  upon  its  own  potential  an  external  elec- 
tromotive i'orce  due  to  st-ray  currents.  On  the  other  hand,  the 
potential  of  iron  may  be  so  depressed  by  an  impressed  electro- 
motive force  due,  for  example,  to  the  solution  pressure  of  zinc, 
that  the  iron  in  contact  with  zinc  will  not  corrode. 

The  second  factor  in  corrosion  of  iron  is  the  number  of 
hydrogen  ions  present.  The  greater  the  concentration  the 
more  rapid  will  be  the  corrosive  action.  Hence,  if  any  sub- 
stance forming  hydrogen,  such  a«  carbonic  acid  or  bicarbonate 
or  sulphur  dioxide  or  any  acid-forming  compound,  be  present, 
corrosion  is  accelerated.  On  the  other  hand,  if  an  alkaline 
material  such  as  soda  ash  or  caustic  soda  be  present,  the 
number  of  hydrogen  ions  is  decreased  and  corrosion  is 
retarded.  If  enough  hydroxyl,  the  active  iou  of  an  alkaline 
compound,  be  present,  practically  all  of  the  hydrogen  will 
disappear  and  corrosion  will  cease  to  exist. 

The  third  deterniiuiiig  factor  in  corrosion  is  the  ease  with 
which  the  hydrogen  ion  reaches  the  iron.  For  example,  the 
alleged  resistance  of  sheet  steel  containing  small  quantities  of 
copper*  to  corrosion  when  used  as  roofing  is  unquestionably 
due  to  the  adherent  nature  of  the  film  of  oxide  produced  when 
corrosion  starts.  This  film,  as  in  tlie  case  of  the  aluiiiiniuni 
oxide  coat  on  metallic  aluiniiiium,  insulates  the  metal  and  is 
believed  to  practically  prevent  further  corrosion. 

The  fourth  factor  is  the  osmotic  pressure  of  the  iron  ions. 
This  is  so  small  in  any  case  that  it  is  negligible  ；  in  the  presence 
of  oxygen  the  pressure  is  kept  extremely  low  owing  to  the 
formation  of  insoluble  iron  hydroxide. 

The  fifth  influence  is  deposition  of  the  hydrogen  and  its 
removal  by  the  depolarising  action  of  oxygen.  The  accelerating 
action  of  metals  such  as  platinum,  copper,  and  lead,  and  mate- 
rials such  as  coke  and  mill  scale  upon  the  corrosion  of  iron 
are  undoubtedly  due  solely  to  the  aid  these  bodies  offer  to  the 
elimination  of  hydrogen  produced  by  the  corrosion  reaction. 
This  is  due  to  the  low  overvoltage  of  hydrogen  upon  these 
substances  and  to  the  high  catalytic  action  of  these  materials 
on  the  hydrogen-oxygen  reaction  by  which  the  deposited 
hydrogen  film  is  removed. 

While  in  specific  cases  the  corrosion  of  iron  can  be  abso- 
lutely controlled  by  first,  one  and  then  anotlier  of  these  factors, 
too  little  attention  is  generally  paid  to  the  influence  exerted 
by  the  disposition  of  the  liyd rogen  and  its  removal  by  llie 
depolarising  action  of  oxygen.  The  retarding  action  of  the 
hydrogen  lilm  which  is  stable  in  the  absence  of  oxygen  and 
any  acid-fonning  compound  is  so  controlling  that  from  this 
point  of  view,  oxygen,  or  air,  may  be  said  to  be  the  cause  of 
corrosion.  If  oxygen  be  completely  removed  from  boiler-feed 
water,  the  boilers  will  not  pit  or  corrode.  If  oxygen  be  sepa- 
rated froiii  the  feed  of  ordinary  hot  water  supply  lines,  the 
red -water  plague  and  other  corrosion  troubles  will  be  reduced 
to  a  laiiuimum,  if  not  entirely  eliminated. 


VALVE  WITH  FLEXIBLE  SEATING. 

A  PATENT  recently  granted  to  Mr.  R.  R.  IJevis,  Vyner  Ron.d, 
Birkenhead,  and  Mr.  J.  H.  Gibson,  relates  to  valves  having 
flexible  seaiin<^^s  consisting  of  an  annular  Ihiii  metal  disc,  the 
outer  part  of  which  is  held  lixed  l)eiweeii  a  facing  on  the  valve 
seating  and  a  facing  on  llie  ring  secured  to  the  valve  seutiiig 
by  studs  or  bolts)  aud  the  iiiuer  part  of  which  disc  forms  a 


flexihh?  seatin^r  \'ov  t lie  valve.  Tlui  ol)j ('乂 :1'  is  i o  pvovido.  a 
simple  and  clieaj)  construclioii  in  which  tlic  m;u'li"iiiig  and 
liMintr  r(M|tiirod  to  provide  an  eflicieiit  valve  is  r('(hic('(l，  and 
in  which  ilie  clearances  are  so  reduced  thai  tJu;  degree  of 
llexui-e  of  the  disc  is  limited  to  the  minimum  necessary  to 
ensure  a  flexible  jointing  surface,  tlie  limitation  of  flexure 
preventing  water-liannner  action  and  giving  a  more  durable 
construction  ；  further  objects  of  the  invention  are,  to  facili- 
tate the  truing  of  the  seatings  by  grinding,  and  the  mechanical 
protection  of  the  facings  and  seatings  when  the  valve  is  re- 
moved for  cleaning  and  repair.  Fig.  1  is  a  diametral  section 
through  the  valve  casing,  the  valve  seating,  and  pari  of  ilu; 
valve,  and  Fig.  2  is  a  similar  view  of  a  modification. 

Referring  to  Fig.  1，  A  is  the  valve  casing,  B  the  valve 
seating,  C  tlie  valve,  D  tlie  guard  ring,  and  E  the  flexil)le 
seating.  The  seating  B  is  secured  in  position  in  t he  casing 
by  1. 1 1  e  studs  F,  the  collars  of  wliich  fit  recesses  in  the  seating  ； 
these  studs  also  serve  to  secure  in  position  the  guard  ring  D 
by  means  of  which  the  flexible  seating  E  is  held  in  position 
on  the  fixed  seating.  The  outer  part  of  tlie  flexible  seating 
E  is  gripped  between  the  facing  G  on  the  fixed  seating  and  a 
facing  H  on  the  guard  ring,  and  the  latter  is  fixed  concen- 
trically relatively  to  the  seating  by  a  spigot  on  the  fixed 
seating,  which  fits  a  corresponding  recess  in  the  guard  ring. 
When  the  valve  is  in  the  closed  position,  as  shown  in  Fig.  1, 


Valvks  with  Flexible  Skatings. 

the  inner  part  of  the  flexible  seating  is  forced  by  the  annular 
facing  J  oil  the  valve  into  contact  with  an  annular  facing  K 
on  the  seating  ；  when  the  valve  is  open  the  elasticity  of  the 
flexible  seating  causes  it  to  leave  the  seating  K，  but  the  flexure 
of  the  seating  is  limited  by  the  portion  L  of  the  guard  ring 
which  extends  over  the  flexible  seating,  the  flexure  being 
limited  to  the  minimum  necessary  to  ensure  a  flexible  jointing 
surface  and  being  usually  not  more  than  0005iii.  It  will  be 
seen  tliat  the  closing  movement  of  the  valve  is  limited  by  the 
facing  K  and  the  free  edge  of  the  flexible  seating  E  inter- 
posed between  tins  facing  and  the  facing  J  on  the  valve. 

Ill  the  niofli(:cation  illustrated  in  Fig.  2  an  additional 
annular  facing  M  is  formed  on  tlie  valve  which,  in  the  closed 
position,  engages  with  an  additional  corresponding  facing  N， 
on  the  fixed  seating  ；  when  the  valve  is  closed  the  joint 
between  M  and  N  cuts  off  the  flexible  seating  from  the  space 
F  which  in  the  case  of  a  boiler  stop  valve  coninuinitates  with 
the  boiler  interior.  In  fitting  the  valve,  the  facings  J  and 
M  on  the  valve  and  the  facings  K  and  N  on  the  seating,  are 
so  ground  together  that  when  the  seating  M  makes  contact 
with  N  in  closing  the  valve,  the  flexible  seating  E  is  caused, 
by  the  joint  action  of  the  facing  K  and  the  facing  J  to  make 
a  flexible  fluid-tight  joint  with  the  facing  J.  In  order  to 
protect  the  facing  J  on  the  valve  from  injury  when  the  valve 
is  removed  aud  the  facing  edge  is  liable  to  be  damaged  when 
the  valve  is  laid  on  its  side,  a  projecting  heading  O  is  formed 
on  the  periphery  of  the  valve  ；  and  in  order  to  protect  the 
flexible  seating,  the  extension  L  of  the  guard  ring  is  carried, 
as  far  as  possible  over  this  seating. 
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Fig.  1.— Stress  Enhuranck  Dia(;rams  foii  White-Souther  Tests. 

results  far  superior  to  steel,  and  had  a  reniarkahlo  endiiraiice  of 
severe  alternating  stresses. 


Table  I. ― Results  of  Land(jraf- Turner  Endurance  Tests. 


Alternations  to 

produce 

failure. 

Allen' 

Additional 

No: 

NariU'  of  Alloy. 

constituents. 

Standard 

Endurance 

test. 

test. 

Jin.  slot. 

i;in.  -slot. 

Per  cent. 

Phosphor-bronze   

1】 tin 

5 

10  percont.aluminiimi  luonzc 

I  iron 

4,485 

5,220 

41  '/-in(' 

20 

1  i  M)ii 
1  t  ill 

.', Mn. 

1     1  (■>.-> 

\  Al. 

Hn.  slot  between  hammers. 


The  Whitc-Southor  machine  more  nearly  ro produces  the  con- 
ditions of  service.  The  specimen  is  revolved  in  the  axis  of  a  wheel 
at  1，")00  revs,  per  min.，  the  ends  of  the  specimen  being  loaded  with 
weij^hts  hanging  constantly  down  ward.  The  number  of  revolu- 
tions enduml  bofoi'o  fraclu ro  varies  with  tlio  fibre  stress  and  the 
(•  haracter  of  the  material.  Tests  were  made  on  niantianese-hrouzo 
uiid  aluiiuniuni-hronzo  .specimens,  cast  half  in  sand  and  half  in  ii 
chill.    The  physical  properties  were  as  follows : ― 


PropoHional  limit,  pounds  por  square  inch. . 
Tensile  sfroni^t h,  pounds  per  si 卩 larc  inch  .. 

Elon^^iition  in  2in.,  p(，r  cenf  , 

Rf'diK-t  ion  of  aron,  p(，r  cent  


Manganese  I  Alinniiiiuin 
Bronze.      i  Bronze. 


20,200 
87, UK) 
'>.")■  0 
2.-) -2 


20,400 
7(),9(K) 


*  Abstract  of  u 
June  30th,  1916. 
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TESTS  OF  ALUMINIUM  BRONZE.* 

BY    W.    M.    COItSE   AN  i)    G.    F.  COMSTOCK. 

An'MixirM  bronze  subjected  to  a  double-heat  treatment  of 
quenching  followed  by  annealing,  has  its  proportional  limit  raised 
without  any  great  sacrifice  of  ductility,  and  at  the  same  time  is  so 
improved  in  quality  as  to  offer  much  greater  resistance  to  alter- 
nating stresses.  In  this  respect  its  qualities  approach  those  of 
steel.  These  facts  were  determined  by  a  series  of  tests  in  the 
Landgraf-Turner  and  White-Souther  testing  machines  of  a  series 
of  alloys,  both  with  and  without  heat  treatment. 

In  the  Landgraf- Turner  machine,  a  |in.  cylindrical  specimen 
was  bent  backward  and  forward  through  a  small  angle  by  blows 
of  a  hammer,  the  number  of  blows  required  to  produce  fracture 
being  automatically  recorded.  Tests  of  several  alloys  were  made, 
with  slots  of  |in.  and  lin,  between  the  hanini(M\s.  the  latter  giving 
a  less  severe  test.  The  character  of  tln'  allovs  and  the  average 
number  of  alternations  of  stress  required  for  each  of  the  specimens, 
without  heat  treatment,  to  produce  failure  is  given  in  Table  1. 

The  results  of  the  tests  on  alloys  Nos.  5  and  29  are  fairly 
coni])arabI( 

30  oon 


rests  were  made  at  maximum  fibre  stresses  of  33，C001bs. 
:;0,00011〕s.，  and  26,400Ibs.  per  square  inch  for  both  materials,  and 
in  addition  at  a  stress  of  3T,I00lbs.  per  square  inch  for  aluminium 
l)roiize  and  22,9001bs.  and  19,4001bs.  per  square  inch  for  manoar.cso 
Intmze.    The  results  of  the  tests  are  plotted  in  Fig.  1. 

Aluminium  bronze  can  be  hardened  by  quenching  from  a  high 
teni])erature.  Tests  were  made  to  determine  tlic  proper  quench- 
ing temperature  of  the  No.  5  alloy,  and  also  to  determine  the 
effect  of  a  short  air  cooling  prior  to  quenching.  Test  specimens 
about  "  —  —— 


Ficj.  3.— Iteis'rAX'ci':  OF  thk  Matkhial  to  ALTKUXATiNd  Stueskks 
AFTKU  Hkat  Treatment. 

Tests  made  to  determine  the  effect  of  air  cooling  before 
quenching  indicated  that  this  treatment  lowers  the  elastic  limit 
of  the  quenched  material  with  only  a  slight  increase  in  ductility. 
If  not  over  10  seconds  elapses  between  the  withdrawal  of  the  piece 
from  the  furnace  and  its  immersion  in  water,  the  quenching  effect 
will  not  bo  lessened.  Nothing  is  oained  by  intentional  air  cooling 
before  queiichinji;. 

The  efTect  of  annealing  after  (juencliing  was  detonninod  by  a 
series  of  tests  in  which  tlio  spocinieiis  were  lieatcHl  to  various 
aiiM(.';ilin<i  tciiiin'i  al  urcs,  and  tlicji  cooled  either  in  the  air  or  in 


and  1,000  C,  and  a  temperature  of  850'  C.  was  adopted  as  the 
propel'  quenching  heat.  One  of  the  specimens  so  (jucncluHl  had 
the  following  physical  properties  : ― 

Proportional  limit,  pounds  per  square  inch 
Tensile  strength,  pounds  per  square  inch  . 

Elongation  in  2in.,  per  cent  

Reduction  of  area   

Brinoll  hardness  number  

42  000 


3*  oon 


10  000 


2b  000 


o  o  3  p 

o  o  ^  ^  ) 
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the  I'lmmct'.  Tho  spocinuMis  cooUhI  in  tli(、  I'unuice  gave  l)ott(M- 
results  than  I  ho  air-cooltHl  ones,  (lie  s|khhI  of  coolinj^  appanMitly 
lijiviiig  an  im|»()rtant  olToct  on  the  physical  proportios.  Tl"、  results 
of  1  ho  vjiridus  uiinciiling  tests  on  the  funm('r-co(>l('d  spociiiuMis  ； m' 
plotted  in  l<，ig.  2. 

To  detcrniine  the  v fTcct  of  the  double-hout  tmitniciit  (>n  l;u'p、r 
castings,  similar  tests  were  carried  out  on  rectangular  hlocks 
2in.  \  4in.  、、  9in.,  on  a  bar  S+in.  diani.  and  on  two  bars  I  iin.  diain- 
These  were  quenched  and  reheated  to  650°  C.，  excepting  that  the 
liin.  bars  were  tenijiered  at  600。  C.  and  630°  C.  respectively. 
The  results  given  in  Table  II.  indicate  that  the  double-heat  treat- 
in  out  improves  large  castings  in  about  the  same  way  as  it  does 
smaller  ones,  although  the  values  finally  obtained  with  large 
castings  are  not  so  good  as  those  obtained  with  small  ones. 


Table  II. ― Results  of  Tests  07i  Specimens  of  larger  size  subjected 
to  Double- heat  Treatment, 


Original 
size. 

Tempera- 
ture of 
second 

treatment. 
Deg.  a 

Propor- 
tional 
limit. 
Lbs.  per 
sq.  in. 

Tensile 
strength. 
Lbs.  per 

sq.  in. 

Elongation 

in  2in. 
Per  cent. 

Reduc- 
tion of 
area. 
Per  cent. 

Inches. 

l.^  diani  

600 

53,600 

93,300 

lO'O 

】3'5 

630 

43，' 德 

8S，.->0(> 

13'0 

14-2 

2}  diani  

650 

34,600 

74,(»00 

14-5 

n*r) 

2x4  block  . . 

650 

40,800 

85,100 

12-5 

15-7 

2x4  block  .. 

650 

39,700 

78,200 

9,5 

15-0 

2x4  block  . . 

650 

40,200 

74,700 

9-0 

13-5 

The  resistance  of  the  material  to  alternating  stresses  after 
heat  treatment  is  shown  by  Fig.  3. 


SPELTER  ：  ITS  GRADES  AND  USES.* 

BY  G.  C.  STONE. 

Spelter,  like  all  commercial  metal,  contains  impurities,  but, 
unlike  most  other  metals,  none  of  these  impurities  are  advan- 
tageous for  any  of  these  purposes  for  which  it  is  used.  The 
effects  of  these  impurities  on  different  products  made  from 
it  vary  greatly,  hence  the  necessity  for  several  grades  differing 
ill  purity.  Spelter  is  used  for  the  following  purposes,  in  quan- 
tities in  the  order  mentioned :  Galvanising,  alloys,  rolling, 
ornamental  castings,  and  miscellaneous  uses. 

For  ordinary  galvanising  the  effect  of  the  common  impuri- 
ties is  not  very  great.  Iron  is  objectionable  as  causing  a  loss 
in  dross  and  in  making  the  coating  more  brittle  and  liable 
to  crack  and  peel  off.  Lead,  up  to  the  limit  found  in  commer- 
cial spelter,  has  no  serious  effect,  but  is  objectionable  when 
present  in  large  quantity,  as  it  liquates  in  the  bath  and  does 
not  enter  the  coating,  and  is，  therefore,  wasted.  Lead  is 
usually  worth  less  than  zinc  and  the  purchaser  does  not  wish 
to  pay  for  it  at  zinc  prices. 

The  four  higher  grades  of  spelter  are  chiefly  used  for  alloys 
and  the  specifications  were  principally  made  for  the  alloy 
makers  and  do  not,  in  all  cases,  call  for  metal  suitable  for 
some  of  the  other  purposes  for  which  it  is  used. 

Aliunii}  in  in. —— In  alloys,  aluminium  is  frequently  very  in- 
jurious, f)  01  per  cent,  in  many  cases  making  brass  useless  for 
the  purposes  for  which  it  is  intended.  In  the  few  instances 
where  its  presence  is  desired,  it  is  more  satisfactory  to  add  it 
directly  than  as  a  constituent  of  the  spelter.  The  specifica- 
tions (as  proposed  for  the  American  Society  for  Testing  Mate- 
rials in  1915)，  therefore,  require  that  the  four  higher  grades 
of  spelter  shall  be  entirely  free  from  aluminium. 

Iron. ― Iron  is  always  present  in  spelter,  but  is  very  un- 
desirable in  brass  and  similar  alloys,  making  them  harder  and 
greatly  increasing  the  hardness  due  to  cold  working.  The 
increased  liardness  is  very  objectionahle,  causing  a  greater 
consumption  of  ])ower  and  endangering  the  rolling  mills  and 
drawing  presses. 

Lead. ― Lead  is  very  objectionable  in  some  alloys  and 
essential  in  others,  and  the  main  variation  in  the  different 
grades  of  spelter  is  in  the  allowable  amount  of  lead.  High- 
grade  spelter,  which  is  used  for  alloys  that  are  to  be  subjected 
to  the  most  severe  spinning  and  drawing  operations,  can  be 
rejected  if  it  contains  over  0'07  per  cent,  of  lead,  as  lead 
reduces  the  ductility  of  brass. 

*  Presented  before  the  American  Society  for  TestingiMaterials. 


】""，ri"e(li;"e  spelter  wii  li  a  lead  limit  of  per  cent,  in 

used  for  alloys  t  liai  do  not  liave  to  uriderj^o  as  Hevere  t  real- 
mei"，  and  also  very  lar«(ely  for  alloys  like  riiaiigariese  hronz 
t  hai,  are  used  both  cast  and  wrou^lii. 

Brass  special  has  a  lead  limit  of  0  GO  per  emit.,  and  in 
mainly  used  for  brasses  where  tlie  niaxiinuin  ductility  is  not 
required.  The  lead  and  iron  are  limited  to  0  60  and  0  03  per 
cent,  respectively,  because  brass  made  from  such  spelter  is 
used  for  ordinary  drawing,  spinning,  and  forming  work  where 
the  requirements  are  not  especially  severe. 

Selected  spelter  carrying  the  maximum  0'80  per  cent,  of 
lead  and  0'04  per  cent,  iron  is  used  by  brass  manufacturers 
for  making  alloys  to  which  lead  is  added  in  order  to  secure 
free-cutting  qualities.  Material  of  this  kind  is  usually  made 
into  rods  and  heavy  sheets  for  the  manufacturing  of  small 
articles  by  turning,  milling,  and  drilling  operations.  Suclt 
brass  must  contain  sufficient  load  to  reduce  the  strength  of 
the  material  and  cause  the  chips  to  break  easily. 

Owing  to  the  fact  that  brass  is  usually  made  in  crucibles 
in  small  quantities,  uniformity  in  the  spelter  is  of  the 
greatest  importance.  As  lead  segregates  badly,  and  more 
markedly  the  higher  the  proportion,  the  lead  limit  of  the 
averas^e  sample  is  made  low  enough  to  allow  for  this  tendency 
without  injurious  effect  on  the  product.  Even  when  the, brass 
manufacturer  adds  lead,  he  does  so  in  known  amounts  and 
thus  obtains  a  uniform  alloy  for  the  different  pots,  which 
would  not  be  possible  if  all  the  lead  needed  were  contained 
in  the  spelter. 

Cadmiinn. ― There  is  very  little  doubt  that  cadmium  in 
zinc  is  very  injurious  for  some  of  the  purposes  for  which  it  is 
used,  as  it  renders  it  harder  and  much  more  brittle.  There  is, 
however,  considerable  difference  of  opinion  as  to  how  far 
these  undesirable  properties  persist  in  alloys  made  from  zinc 
containing  cadmium.  The  majority  of  the  brass  makers  are 
of  opinion  that  the  high  temperature  of  the  brass  pots  cause 
so  much  of  the  cadmium  to  volt  a  Use  that  the  residual  amount 
has  very  little  deleterious  effect.  There  is  no  doubt  that  large 
amounts  of  cadmium,  say  1  or  2  per  cent.,  make  brass  hard 
and  brittle.  We  have  no  reliable  information  at  present 
showing  the  effect  of  small  amounts  of  cadmium  on  the  alloys, 
and  the  evidence  on  this  point  is  extremely  conflicting.  Cad- 
mium, together  with  lead,  seems  to  intensify  the  effect  of  the 
latter  and  also  causes  the  brass  to  become  more  sensitive  to 
the  effect  of  overheating  in  the  various  annealing  operations 
to  which  the  wrought  material  is  subjected. 

Very  little  spelter  is  made  containing  as  m ucli  cadmium 
as  is  allowed  for  intermediate  and  brass  special,  and  the  speci- 
fications, therefore,  put  practically  no  limit  on  cadmium 
except  for  high  grade.  Whatever  the  facts  may  be  for  alloys, 
it  is  certain  that  the  amounts  of  cadmium  allowed  by  the 
specifications  are  much  greater  than  are  permissible  for  other 
purposes  for  which  zinc  is  used.  The  question  of  cadmium  in 
the  better  grades  is  complicated  by  the  fact  that  until  the 
last  year  and  a  half  practically  all  the  high-grade  and  most 
of  the  intermediate  spelter  was  made  by  one  company  from 
ores  that  are  free  from  cadmium.  The  alloy  makers  have, 
therefore,  had  no  extended  experience  with  the  effect  of  cad - 
miuni  ill  the  better  grades  of  spelter,  and  during  the  last  18 
months  conditions  have  been  so  abuorinal  that  it  is  difficult 
to  draw  conclusions. 

High-grade  spelter  is  very  extensively  used  for  galvanising 
telegraph  and  telephone  wires  which  are  required  to  stand 
sliarp  bending  when  making  the  "  lineman's  splice,"  as  it 
has  been  found  that  if  impure  spelter  is  used,  the  coating 
cracks  and  peels  off  the  joint.  The  only  liigli- grade  spelter 
that  has  been  used  for  this  purpose  is  entirely  free  from 
cadmium.  Cadmium  being  the  element  most  likely  to  cause 
this  trouble,  it  is  very  doubtful  whether  metal  containing  as 
much  as  is  allowed  by  the  specifications  (0.05  per  cent.)  would 
be  suitable  for  this  purpose. 

For  rolling,  cadmium  causes  such  severe  cracking  that 
metal  containing  much  of  it  is  not  economical  ；  but  as  prac- 
tically all  the  zinc  rolling  mills  produce  their  own  spelter, 
this  matter  is  within  their  own  control  and  the  specifications 
do  not  affect  them . 

For  ornamental  castings  no  spelter  described  by  the  speci- 
fications would  be  satisfactory.  The  high-grade  is  all  right- 
as  far  as  lead  and  iron  are  concerned,  but'  with  the  maximum 
cadmium  allowed,  it  would  be  impossible  to  make  castings  of 
many  of  the  common  shapes. 
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FIRING  SOFT  COAL  UNDER  NAVAL  BOILERS.* 

H  Y  WILLIAM         DE  BAUFKE. 

Coal  for  naval  use  consists  of  from  90  to  95  per  cent,  of 
combustible  matter  and  from  10  to  5  per  cent,  of 
ash.  The  fuel  bed  does  not  burn  and  sink  in  uniform 
layers.  It  is  not  of  uniform  porosity,  and  the  greater  quantity 
of  air  which  naturally  flows  through  a  place  of  low  resistance 
causes  more  rapid  combustion  there  tlian  in  the  denser  por- 
tions of  the  bed,  thus  producing  a  ''  hole  '，  in  the  fire.  Few, 
if  any,  firemen  are  so  skilled  that  they  can  keep  these  "holes  " 
filled  up  and  the  fuel  bed  even  simply  by  throwing  the  coal 
in  the  proper  places  with  a  shovel.  It  is  therefore  necessary 
to  use  a  light  hoe  or  rake  to  level  the  fire. 

Also,  with  marine  boilers,  the  yellow  flames  so  fill  the 
combustion  space  that  it  is  practically  impossible  for  the 
fireman  to  see  the  condition  of  the  fire  on  the  back  half  of  the 
grate.  It  is  therefore  necessary  for  him  to  run  a  light  hoe 
over  the  back  of  the  fire  to  determine  its  thickness  as  a  guide 
for.  coaling,  in  addition  to  filling  up  whatever  "  holes  ，，  may 
be  present.  However,  the  fires  should  not  be  disturbed  more 
than  necessary  to  accomplish  the  desired  objects,  and  the 
more  skilful  a  fireman  is  with  the  shovel  the  less  will  he  need 
to  disturb  the  fuel  bed  with  a  lioe  or  rake. 

Some  coals  tend  to  cake  and  thus  form  a  solid  crust  over 
the  fire.  Cracks  start  in  this  crust,  through  which  the  air 
passes,  and  crevices  are  formed  by  the  crust  burning  at  the 
ledges  of  these  cracks.  Such  crusts  should  not  be  allowed  to 
form  to  any  extent.  While  they  can  be  largely  prevented  by 
firing  smaller  quantities  of  coal  at  more  frequent  intervals, 
they  should  also  be  kept  broken  up  by  the  use  of  a  light  hoe. 
The  hoe  is  likewise  necessary  when  the  coking  method  of 
firing  is  adopted.  The  coal  is  thrown  on  to  the  front  part  of 
the  grate  only  and  the  volatile  matter  allowed  to  distil  off, 
when  the  resulting  coke  is  pushed  back  with  the  hoe  over  the 
fuel  bed.  This  method  of  firing  is  not  considered  as  conducive 
to  good  results,  as  the  alternate  or  consecutive  spreading 
method  ；  that  is,  spreading  the  coal  over  the  entire  fire  in  the 
furnace  doors  alternately  or  consecutively. 

Skill  in  the  use  of  the  shovel  supplemented  with  the  light 
hoe  or  rake  will  keep  the  top  of  the  fuel  bed  in  proper  con- 
dition. Additional  tools  are  necessary  for  the  bottom  of  the 
fuel  bed,  especially  with  stationary  grates.  There  are  very 
few  coals  with  an  ash-fusing  temperature  so  high  that  no 
clinkers  are  formed.  The  ashes  that  fall  between  the  grate 
bars  into  the  ashpit  contain  combustible  matter  in  addition 
to  the  ash.  The  ash  that  remains  above  the  grate,  whether 
it  fuses  inf  o  clinlcers  or  not,  shuts  off  the  air  supply  to  the 
combustible  above  A  fire  tool  must  therefore  be  employed 
to  work  this  asli  through  the  grate.  If  a  hard  clinker  is 
formed  wliicli  tends  to  stick  to  the  grate,  a  sharp-pointed 
slice  I) fir  is  required  to  pry  it  loose  and  break  it  up.  But  if 
the  clinker  rorined  is  very  friable  or  if  simply  aslies  accumu- 
late, a  better  tool  for  the  purpose  is  a  bar  with  a  flat  chisel- 
shaped  end.  A  pricker  bar  may  also  be  conveniently  used 
under  these  conditions. 

Neither  the  slice  bar  nor  the  pricker  bar  should  be  used 
indiscriminately,  but  should  be  moved  back  and  forth  over 
the  grate  where  the  ash  or  clinker  is  located  just  sufficiently 
to  work  it  into  the  ashpit.  The  location  of  the  accumulation 
of  clinker  or  ash  is  indicated  by  the  shadows  or  dark  spots 
on  the  floor  of  the  aslipan.  Its  removal  is  shown  by  the 
brightening  of  tlie  dark  spots.  The  brightening,  however, 
will  generally  not  occur  as  soon  as  the  ash  or  clinker  is 
removed,  because  the  combust ihle  above  has  been  deadened 
by  lack  of  air.  Too  much  working  of  the  slice  bar  will  in- 
crease the  loss  of  combustible  in  the  ashes.  Also,  the  fireman 
should  not  bear  down  on  the  slice  "bar  to  break  up  the  fuel 
bed,  as  this  will  mix  unburned  coal  with  the  ash  and  gene- 
rally cause  an  excessive  amount  of  clinker.  Rocking  grates 
are  provided  in  stationary  and  locomotive  practice  to  accom- 
plish the  same  purpose  of  working  the  ash  and  clinker  tlirougli 
the  grate. 

But  even  with  the  use  of  the  slice  bar,  tliere  are  few  coals 
in  the  burning  of  wliicli  the  ash  can  all  be  worked  tht'ougli 
t  he  grate.  Clinkers  will  accumulate  ；  and  while  iliey  may  be 
kept  broken  in  many  cases  by  the  use  of  the  slice  bar,  they 
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must  eventually  be  removed  through  the  furnace  door.  The 
cleaning  intervals  adopted  will  depend  upon  the  quantity  and 
character  of  the  clinkers,  the  variation  of  the  load  upon  the 
boiler,  the  sequence  of  watches  of  the  firemen,  and  the  neces- 
sary routine  of  removing  ashes  from  the  ship. 

For  a  thorough  cleaning,  the  fire  within  the  furnace  door 
selected  should  be  allowed  to  burn  down  slightly.  At  the  time 
of  cleaning,  the  combustible  in  tlie  top  of  the  fuel  bed  is 
winged  over  on  to  tlie  fire  at  either  side,  using  a  hoe  and  a 
slice  or  special  flat  bar.  Tlie  bottom  of  the  fuel  bed  contain- 
ing tlie  clinkers  is  then  hauled  out  of  the  furnace  with  a  heavy 
lioe.  The  fire  is  now  winged  back  on  to  the  bare  grates, 
levelled,  and  built-  up  to  standard  thickness.  Before  cleaning, 
it.  is  preferable  to  build  up  slightly  the  thickness  of  the  fuel 
bed  in  the  doors  that  are  not  cleaned.  Also,  under  steady 
load  conditions,  it  is  better  to  clean  the  fire  successively  at 
regular  periods  unless  the  routine  of  the  removal  of  clinkers 
and  ashes  prevents.  Troublesome  clinkers  may  be  removed 
between  the  regular  cleaning  periods  by  using  the  familiar 
tool  called  the  "  devil's  claw." 

In  working  the  top  and  bottom  of  the  fuel  bed,  the  fuel 
bed  as  a  whole  should  not  be  disturbed  more  than  necessary, 
in  order  to  prevent  as  far  as  possible  the  formation  of  clinkers. 
Clinkers  are  due  to  the  fusing  together  of  particles 
of  ash.  The  temperature  at  wliicli  the  ash  fuses  depends 
mainly  upon  tlie  constitution  of  the  ash  in  the  coal.  When 
the  fusing  temperature  is  high,  there  is  no  trouble  with 
clinkers,  no  matter  how  the  fires  are  worked.  With  a  low 
fusing  point  it  is  impossible  to  prevent  the  formation  of 
troublesome  clinkers,  even  with  the  most  careful  firing.  But 
there  are  coals  having  a  moderate  fusing  temperature  of  the 
ash  which  will  give  satisfactory  results  by  careful  firing. 
When  the  fuel  bed  is  not  disturbed,  the  ash  accuiniilates  only 
in  tlie  lower  portion  where  the  temperature  is  lower  than  in 
the  upper  portion  of  the  fire.  Also,  in  the  lower  portion  of 
the  fuel  bed  there  is  an  oxidising  atmosphere,  while  in  certain 
upper  portions  there  is  a  partially  reducing  atmosphere,  and 
the  fusing  temperature  of  ash  is  less  in  a  partially  reducing 
than  in  an  oxidising  atmosphere. 

Thick  fires  especially  produce  an  atmosphere  conducive  to 
the  formation  of  clinkers.  The  fires  should  therefore  be  car- 
ried as  thin  as  is  consistent  with  the  draught  and  with  good 
combustion,  as  measured  by  the  constitution  of  the  flue  gases. 
The  better  the  condition  in  which  the  fires  are  maintained, 
the  thinner  can  they  be  carried  with  good  combustion  with  the 
same  draught. 

Draught  is  the  difference  in  pressure  between  the  air  in 
the  boilei'-i'oom  and  the  flue  gases  at  the  point  considered. 
Furnace  draught,  for  example,  is  the  difference  between 
boiler-room  pressure  and  the  pressure  of  the  furnace  gases 
just  above  the  fire.  Stack  draught  is  tlie  difference  in  pressure 
between  the  boiler-room  and  tlie  flue  gases  at  the  base  of  the 
stack.  The  difference  between  the  furnace  draught  and  the  stack 
draught  is  therefore  tlie  difference  in  pressure  between  the 
gases  in  the  furnace  and  at  the  base  of  the  stack.  It  is  evident 
that  this  difference  is  equal  to  the  friction al  resistance  over- 
come in  forcing  the  gases  through  the  passes  and  between  the 
tubes  of  a  water-tube  boiler,  for  example.  The  furnace 
draught  is  equal  to  the  frictioiial  resistance  encoun- 
tered in  forcing  the  air  through  the  fuel  bed.  The  former 
resistance  will  vary  with  the  volume  of  the  flue  gases,  but  the 
latter  will  also  be  affected  by  tlie  condition  of  the  fuel  bed. 

To  force  the  same  quantity  of  air  through  the  fuel  bed  a 
greater  resistance  is  encountered  if  the  fuel  bed  is  thick,  if  a 
crust  of  unburnt  coal  is  formed  over  the  top,  if  ashes  or 
clinkers  clog  up  the  grate  at  the  bottom,  or  if  the  sizes  of  tlie 
coal  particles  in  the  middle  of  the  fuel  bed  are  such  as  to 
pack  closely  together  into  a  dense  mass.  The  last-mentioned 
cause  of  increased  resistance  depends  only  upon  the  character 
of  the  coal,  but  the  first  tliree  are  largely  witliiu  the  control 
of  the  fireman.  Looked  at  in  another  way,  if  the  fireman 
allows  the  coal  to  crust  over  the  top,  or  if  he  allows  clinkers 
and  ashes  to  accumulate  at  the  bottom ,  or  if  he  allows  the 
fire  to  become  too  thick,  the  air  supply  will  be  cut  down 
unless  "holes"  are  allowed  to  form  in  the  fuel  bed.  These 
assumptions  are  based  upon  constant  draught  conditions  ；  if 
the  drauglit  is  raised  the  air  quantity  is  increased,  with  the 
other  conditions  remain ing  constant. 

In  passing  through  the  ashpit  the  air  is  somewhat  heated 
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hy  radial  ion,  II  is  t'urt  lit'a."'(l  in  jmssiiig  ovt'r  I  he  i;r;i"' 
bars,  which  it  tluis  keeps  Irom  boiiii^  overheat. ed.  hi  the  fuel 
bed  it  is  st  ill  further  heated  luitil  a  suflicient,  lemperature 
is  roarhed  ( o  cause  tho  oxygen  io  combine  with  the  hydrogen 
ill  t  lie  fuel  to  form  superheated  steam  ( !  1^0)  ；  with  tlie 
sulpluir  to  toriu  sulpliur  dioxide  (SO^)  ；  and  witli  the  carbon 
to  form  carbon  monoxide  (CO),  whicli  then  burns  to  carbon 
dioxide  (CM).,).  The  nitrogen  (N^)  of  tlie  air  passes  through 
luiafTected,  and  oxygen  (O^)  is  found  in  the  flue  gases  because 
ail  excess  quantity  of  air  over  that  theoretically  required  for 
combustion  is  always  admitted. 

Hence  the  flue  gases  contain  superheated  steam  or  mois- 
ture (HoO),  sulphur  dioxide  (SO^),  carbon  dioxide  (CO^),  car- 
bon monoxide  (CO),  oxygen  (O^),  and  nitrogen  (No).  There 
may  also  be  present  particles  of  partly  burned  coal  which  will 
be  deposited  on  the  tubes  and  baffles  as  soot  or  carried  out 
the  stack  as  smoke.  The  flue  gases  may  contain  unburned 
hydrocarbons  distilled  from  the  coal  if  the  air  supply  and 
temperature  are  not  sufficient  to  cause  their  combustion. 

The  presence  of  superheated  steam  (H,0)  in  the  flue  gases 
represents  a  loss.  The  loss  is  equal  to  tlie  heat  required  to 
raise  the  temperature  of  the  moisture  in  the  air  to  the  tem- 
perature in  the  stack,  and  the  heat  necessary  to  evaporate  and 
superheat  to  stack  temperature  the  moisture  in  the  coal,  that 
formed  from  the  hydrogen  present,  the  water  added  to  the 
coal,  and  that  put  into  the  ashpit.  The  water  added  to  the 
coal  and  the  water  put  into  the  ashpit  are  the  only  items 
under  the  control  of  the  fireman.  Water  may  be  added  to 
coal  to  allay  the  dust  in  the  fireroom  or  to  reduce  the  loss  of 
fine  coal  up  the  stack.  No  data  are  at  hand  to  show  the 
reduction  in  soot  and  smoke  by  adding  water  to  the  coal. 
Water  should  not  be  used  in  the  ashpit  unless  it  is  necessary 
to  keep  the  grate  bars  cool,  to  prevent  troublesome  warping 
of  the  ashpaiij  or  to  reduce  clinker  formation.  Clinkers  are 
sometimes  reduced  by  blowing  steam  into  the  ashpit. 

The  amouut  of  sulphur  dioxide  (SO,,)  present  simply 
depends  upon  the  quantity  of  sulphur  in  the  coal,  and  is 
small  in  coal?  for  naval  use.  Sometimes  a  portion  ot  the 
sulphur  present  remains  in  the  ashes  or  clinkers  as  sulphur 
trioxide  (SO^). 

The  presence  of  unburned  hydrocarbons  depends  partly 
upon  the  volume  of  the  combustion  space  available,  the  man- 
ner of  firing,  and  the  proportion  of  volatile  matter  in  the  coal. 
If  the  combustion  space  is  small,  the  hot  gases  containing 
uncoiisumecl  hydrocarbons  are  liable  to  reach  the  compara- 
tively cold  surfaces  of  the  boiler  and  be  cooled  below  the 
ignition  temperature  before  they  are  completely  burned. 
Also,  if  large  quantities  of  coal  are  fired  at  a  time,  the  large 
volumes  of  hydrocar])ons  distilled  off  are  liable  to  lack  suffi- 
cient air  for  combustion.  If  I'he  coal  contains  a,  lartje  per- 
centage of  volatile  matter,  the  same  condition  is  liable  to 
obtain  with  careful  firing.  This  fact  is  one  reason  wliy  high- 
volatile  coals  are  not  suited  for  combustion  in  marine  boilers 
where  tho  combustion  space  is  necessarily  limited.  From  the 
fireman's  standpoint  coal  should  be  fired  in  small  quantities 
to  prevent  a  loss  due  to  unburned  hydrocarbons.  If  necessary 
to  increase  the  thickness  of  the  fire,  this  should  be  done 
gradually  and  not  by  throwing  a  large  quantity  of  fresh  coal 
on  the  grate  at  one  time. 

With  medium  or  low-volatile  coal  and  fair  firing,  hydro- 
carbons are  rarely  present  in  the  flue  gases,  even  with  the 
limited  combustion  space  in  marine  boilers.  It  is  therefore 
customary  to  omit  their  determination  from  the  analyses  of 
the  flue  gases.  Neither  the  percentage  of  moisture  (super- 
heated steam)  nor  of  sulphur  dioxide  is  determined,  but  the 
analysis  is  limited  to  the  measurement  of  the  proportions  by 
volume  of  carbon  dioxide  (CO^),  carbon  monoxide  (CO),  and 
oxygen  (O^)  present,  the  nitrogen  (N.，)  being  found  by  differ- 
ence. For  routine  conditions  of  service  it  is  necessary  to 
determine  the  percentage  of  CO^  only  as  a  guide  to  the  con- 
dition of  the  fire.  Recording  CO..  machines  are  built  for  this 
1)11  rpose. 

The  four  quantities,  COo,  CO,  O^,  and  N^,  are  closely  re- 
lated to  the  air  supply.  By  perfect  combustion  with  just  the 
right  quantity  of  air  there  would  be  in  the  flue  gases  about 
20  per  cent,  of  CO^  and  80  per  cent,  of  by  volume.  With 
air  in  excess  of  the  theoretical  quantity,  O.,  is  also  present, 
t  he  N2  remaining  appro>  iniately  80  per  cent,  of  gas  and  the 
CO^  and       to[:;ethor  being  equal  to  about  20  per  cent.  The 


perceiiia^rt*  of  is  an  iiulicat  ion  ("•  I. he  ；:, im、mit  ol"  exrwa  eir. 
Unless  sudicienl  excess  air  is  admitied,  the  iluo  gaseH  will 
contain  CO.  The  presence  of  CO  represents  a  loss  due  io 
iiicompk'le  (:(mi hustion,  but  the  presence  of  ()^  willi  the  corre- 
spondingly lower  proportion  of  CO^  also  repr^ents  a  loss  due 
to  excess  air.  When  one  loss  is  increased  Mie  other  is 山' 
creased,  and  the  combustion  conditions  should  he  adjusled 
until  the  sum  of  these  two  losses  is  a  rninirniuri.  From  expe- 
I'ienro  at  the  Naval  Eiigiiieeriiig  Experiment  Slaiioii,  it  is 
believed  iliat  for  naval  boilers  the  minimum  loss  will  corre- 
spond to  a  CO2  percentage  between  12  and  12  5  per  cent. 

The  analysis  of  the  flue  gases  is  generally  made  at  the  base 
of  the  stack.  Therefore,  part  of  the  excess  air  present  is  due 
to  infiltration  through  the  boiler  casing.  Before  the  efficiency 
of  the  combustion  can  be  properly  judged,  care  must  be  taken 
to  ensure  that  tlie  casing  is  airtight.  Excess  air  is  also 
admitted  when  the  furnace  doors  are  opened  for  coaling  or 
levelling  ；  hence  these  operations  should  be  done  quickly. 
However,  undue  haste  should  not  prevent  proper  placing  of 
the  coal,  and  levelling  for  "  holes  "  left  in  the  fire  during  tlie 
intervals  between  tlie  above  operations  will  admit  more  excess 
air  than  the  doors  open  for  a  few  additional  seconds. 

The  most  economical  results  are  obtained  when  the  whole 
fuel  bed  is  kept  in  a  uniform  condition.  Then  the  desired 
percentages  of  carbon  monoxide  and  oxygen  and  the  corre- 
sponding percentage  of  carbon  dioxide  (CO,,)  which  has  been 
found  best  by  trial  are  kept  constant  by  regulating  the  thick- 
ness of  the  fuel  bed.  If  the  CO?  becomes  low,  it  means  tliat 
too  much  excess  air  is  passing  through  the  fuel  bed,  which  is 
therefore  too  thin.  The  thickness  should  be  built  up 
gradually.  If  the  fuel  bed  is  too  thick  it  should  be  allowed  to 
burn  down  somewhat  by  firing  slightly  less  coal  until  the 
desired  CO^,  percentage  is  obtained. 

The  proper  thickness  will  be  between  4in.  and  8in.，  depend- 
ing upon  the  draught <  required  to  burn  the  requisite  number 
of  pounds  of  coal  per  square  foot  of  grate  surface  per  hour 
and  also  upon  the  clinkering  properties  of  the  coal.  A  clin- 
keriag  coal  should  be  burned  with  a  thinner  fire  than  a  good 
coal.  It  may  be  impossible  with  a  clinkering  coal  to  attain  a 
CO2  percentage  of  12  per  cent,  because  the  layer  of  clinker 
over  the  grate  will  shut  off  the  flow  of  air  through  the  fuel 
bed,  and  the  consequent  greater  draught  in  the  furnace  will 
result  in  increased  air  leakage  through  fire  doors  and  setting. 

The  stack  draught  should  be  regulated  according  to  the 
load  on  the  boiler.  Regulation  by  the  damper  is  better  than 
regulation  by  opening  or  closing  the  ashpit  doors  because  less 
excess  air  is  liable  lo  be  drawn  through  the  boiler  casing  by 
the  former  than  l)y  the  latter  method.  When  the  load  suddenly 
increases,  the  combustion  is  often  intensified  by  the  firemen 
cracking  the  fuel  bed  by  lifting  it  slightly  with  the  slice  bar. 
With  a  coal  that  tends  to  clinker,  this  should  be  resorted  to 
only  in  the  la.sl.  extremity  and  should  be  carefully  done  to 
prevent  breaking  up  of  the  fire. 

The  furnace  draught  may  be  used  as  a  guide  in  working 
the  fires.  If  its  value  be  noted  for  a  given  stack  draught  when 
the  fires  are  in  their  normal  condition,  a  rise  in  the  furnace 
drauglit  will  denote  an  increase  of  the  resistance  through  tlie 
fuel  bed,  and  a  drop  will  denote  a  decrease.  The  increase  may 
be  due  to  the  fuel  bed  becoming  thicker  or  clogged  with  ashes 
and  clinkers  at  the  bottom  or  covered  with  a  coal  crust  at 
the  top  in  case  tlie  coal  cakes.  The  decrease  will  be  due 
either  to  a  thin  fuel  bed  or  to  holes  in  the  fire.  The  furnace 
draught  also  drops  whenever  the  furnace  doors  are  opened. 

There  is  110  practical  method  of  firing  however,  with  which 
some  uon-uniformity  in  the  fuel  bed  docs  not  occur.  When  tlie 
doors  are  coaled  in  succession,  part-  of  the  fire  will  be  covered 
with  fresh  coal  while  the  remainder  is  bright.  This  condition 
is  considered  more  conducive  to  perfect  combustion  than  if  all 
doors  were  coaled  at  the  same  time,  for  in  the  former  case  the 
lieat  from  the  bright  portion  of  the  fire  helps  to  raise  to  the 
ignition  temperature  the  volatile  matter  distilled  from  the 
coal  just  thrown  in  the  furnace.  This  method  is  also  con- 
sidered better  than  throwing  the  coal  on  the  front  part  of  the 
grate,  allowing  it  to  coke,  and  then  pushing  it  back  over  the 
whole  grate. 

The  coaling  should  be  done  as  nearly  uniformly  as  pos- 
sible, throwing  on  the  same  number  of  shovelfuls  each  time. 
The  firing  intervals  should  be  selected  so  that  each  charge 
will  not  exceed  301bs.  to  501bs.  of  coal  (three  to  five  shovelfuls). 
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Then  the  fireman  can  slightly  increase  or  decrease  the  quan- 
tity as  he  finds  his  fires  getting  thinner  or  thicker.  He  will 
sometimes  find  the  fire  within  one  door  consuming  more  coal 
than  in  the  other  doors.  This  condition  can  generally  be 
traced  to  a  thinner  fire,  which  allows  a  larger  quantity  of  air 
to  pass  through  to  intensify  the  combustion.  If  necessary  the 
fire  in  that  door  should  be  kept  a  little  thicker  than  in  the 
other  doors  to  equalise  the  rates  of  combustion. 

If  the  coal  is  fired  in  small  quantities  at  uniform  inter- 
vals, and  the  fires  are  otherwise  maintained  in  good  condition, 
the  smoke  formed  will  have  the  minimmn  density  for  the 
boiler  in  use  and  the  coal  fired.  Th?  coal  particles  carried 
along  by  the  gases  are  therefore  cooled  by  the  heating  surface 
below  the  ignition  temperature  before  they  have  time  to  burn 
completely.  Smoke  consequently  forms.  With  high-volatile 
coals  a  dense  black  smoke  is  continually  emitted  from  the 
stack,  but  with  medium  or  low-volatile  coals  smoke  should 
occur  for  a  few  seconds  only  after  coaling. 

Based  upon  the  foregoing  considerations,  there  has  been 
adopted  the  following  method  of  firing  coal  during  evapora- 
tive tests  at  the  Naval  Engineering  Experiment  Station  ：  The 
draught  at  the  base  of  the  stack  is  maintained  constant  at 
0'750iii.  water,  for  this  stack  draught  has  been  found  to  burn 
about  251bs.  of  coal  per  square  foot  of  grate  surface  per  hour, 
with  a  furnace  draught  of  about  O'Sin.  water.  The  boiler  is 
allowed  to  generate  as  much  steam  as  it  can  under  a  steam 
pressure  of  SOOlbs.  gauge,  which  is  kept  constant  by  regu- 
lating a  throttle  valve  on  a  bleeder  line  through  which  a 
portion  of  the  steam  generated  is  discharged  to  a  surface 
condenser.  A  firing  interval  of  five  minutes  has  been  selected, 
resulting  in  a  charge  of  about  401bs.  of  coal  being  fired  at  a 
time.  The  furnace  has  three  doors,  so  that  the  interval 
between  firing  the  successive  doors  is  1  min.  40  sees.  The  fires 
are  levelled  at  o-minut?  intervals,  and  in  the  order  in  which 
the  doors  are  coaled  :  When  door  No.  1  is  coaled,  door  No.  2 
is  levelled  ；  when  door  No.  2  is  coaled,  door  No.  3  is  levelled  ； 
and  when  door  No.  3  is  coaled,  door  No.  1  is  levelled.  The 
slice  bar  is  used  at  hourly  intervals,  but  only  if  dark  spots 
appear  in  the  ashpan.  The  cleaning  interval  is  12  hours. 
With  three  furnace  doors  and  firemen's  watches  of  four  hours 
on  and  eight  hours  off,  the  interval  results  in  the  cleaning  of 
a  fire  each  watch. 

Samples  of  the  flue  gases  from  the  base  of  the  stack  are 
collected  during  half-hourly  intervals  and  immediately 
analysed  for  CO^,  0:'，  and  CO.  Analyses  for  hydrocarbons 
are  made  several  times  during  each  test,  but  no  appreciable 
percentages  have  been  found  with  coals  tested  to  date.  A 
CO.,  machine  is  also  in  continuous  operation.  The  firemen 
are  directed  to  so  regulate  the  thickness  of  the  fires  as  to 
maintain  the  constant  percentage  of  CO^  which  yields  the 
best  results.  This  percentage  has  been  found  to  be  in  general 
about  12  to  】2'5  per  cent.,  corresponding  to  a  fuel-bed  thick- 
ness of  approximately  6in.  Leakage  of  air  through  the  casing 
is  prevented  by  carefully  plastering  before  the  test  all  possible 
cracks  with  asbestos  cement. 


METAL  QUOTATIONS. 

TUESDAY,  AUGUST  22nd. 

Aluminium  ingot    ―   per  cwt. 

，，        wire,  according  to  sizes,  &c  from  ―  " 

,,         sheets       ,,  ,,   ,,  ―  ，， 

Antimony    £95/-/-  per  ton. 

BrasH,  rolled..   I /'Vi  per  lb. 

，, tubes  (brazed)    1/5  ，， 

，，       ，， (solid  drawn)    i/3  ，， 

，，       ，， wire    1/2 J  ，, 

Copper,  Standard    £1 1 1  /-/—  per  ton. 

Iron,  Clevoland    87/()  ，， 

" Scotch    ―  ，， 

Lead,  English   £31/5/-  ，， 

,， Foreign  (soft)   £30/-/—  ,， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  "       "         medium   3/6  to  6/—  " 

，，  ，，        ，，         large    7/0  to  14/- " 

Quicksilver   £17/12/6  per  bottle. 

Silver    'U  ^].d.  per  oz. 

Spelter  (American)   £47/-/-  per  ton. 

Tin,  block    £109/5/-  per  ton. 

Tin  plates,  I.C   32/-  per  box. 

Zinc  sheets    £72  per  ton. 


iidependeiitly  of  drivers  and  for 
Nevitt.  9275. 

Parsons,     Walker,     Cook,  and 


11110. 


engines. 


NEW  PATENTS. 

Spcclfinif'ions  of  fh  r  foUoirintj  arc  noir  jmhlish  cdj  and  wf  slmll 
he  pleased  to  forward  copies  post  free  ott  rccript  of  8d. 
Mechanical  Engineer/^  f>'%  New  Bniley  Street,  Manchc-der. 

MECHANICAL,  1914. 

Methods  of  and  apparatus  for  washing  coal.    Ha  bets.  15689. 

1915. 

Compressed-air  brakes.  Cliapsal  &  Saillot,  3579. 

Rock  hammer  drills.    Kewley  &  Comer.  5451. 

Concentration  of  ores.    Howard,  Wood,  and  Minerals  Separation, 

Ltd.  8263. 
Apparatus  for  stopping  trains  i 

actuating  signals  on  trains. 
Ship-propulsion  installations. 

Douglas.  10824. 
Speed  indicators  or  recorders.    Gill  &  Chaviara. 
Jib  cranes.    Pri^estman.  11343. 

Valve    mechanism    for   internal-conibnstion    and  other 

Riley.  11933. 
Valve.    Jones.  12790. 

Valves.    Blakeborongh  (&  Broadheacl.  13358. 

Means  for  atomising  paraffin    for    use    in    internal- combustion 

engines.    Sweetser.  13373. 
Melting  of  iron  and  steel.    Rincker.  14215. 
Reducing  valves.    Jacquel.  14546. 

Screw  cutting  taps.    Coventry  Ordnance  Works,  Ltd.,  and  Bates. 

15820.  ' 
Pressure-reducing  valves.    Bailey  &  Bailey.  16839. 
Dry  process  and  an  apparatus  for  purifying  blastfurnace  gases. 

Dortmunder  Bruckenhau  C.  H.  Jucho,  and  Ha  ring,  17081. 
Propellers  for  aircraft.    Judge,  and  Varioplane  Company.  17434. 

1916. 

Sprayers  and  injectors  for  liquid  fuels.   Marks-  E.  C.  R.  1484. 
Manufacture  of  hollow  metal  ingots.    Bedford,  R.  A.  1717. 
Sheet  metal  split-ptilleys.    Haddaii,  R.  2967, 

丄 nternal-comhiistion  engine  valve  gear  and  mechanism.  Barker, 

T.  N.  3584. 
Taps  or  valves.    Ford,  A.  P.  4132. 

Method  of  and  means  for   balancing    split    belt    pulleys  with 

exchangeable  rims.      Nyberg,  C.  8.  4883. 
Tu])es  for  radiators.    Turiiey,  G.  W.  5806. 

Carbiiretting    systems    of    internal-combustion    engines.  King, 
C.  F.  L.  6560. 

ELECTRICAL,  1914. 

Elect ro-magnetic  friction  clutches.    Bing.  15690. 

1915. 

Electrical  heater.    Kerr.    8537 . 

Start i II j»;  and  synchronising  of  dynamos.    British  Tlionisoii  Houston 

Company,  and  Whitaker.  11821. 
Operating  rota ry  coin^erters  and  other  alternating  current  maclii- 

iiery.    Railing      Garrard.  L'iO.'U. 
I\I  agneto-electric    machines   for    igtiitimi    in  intt'rnal-coiiihnstion 

engines.    Conner.  14993. 
Sparking    arrangements   for    eloctric  i'^niticni    devices.  Irt^land. 

15873.  ^ 
Construction  of  snai'king  plug  fur  internal  combustion  engines. 

Heath.  17910. 

1916. 

Systems  for  the  protection  of  electric    cables   in    the    event  of 

external  damage.  Beaver,  C.  J.,  and  Claremont,  E.  A.  3707. 
Telei)li(jiie  instruments.    Petithoi-y,  E.  A.  5061. 


A  Good  Use  for  Old  Tracing  Cloth.— One  of  the  minor 
directions  in  which  engineers  can  help  the  war  is  by  collecting 
all  their  old  cloth  tracings  or  unused  tracing  cloth  and  sending 
it  to  Lieut.  R.  D.  T.  Jones,  R.E.，  Ministry  of  Munitions, 
Explosives  Department,  Storey's  Gate,  Westminster.  The 
cloth,  when  boiled,  washed,  and  sterilised,  makes  excellent 
bandages,  pillow  cases,  &c.，  for  the  wounded ― things  that  are 
still  badly  needed.  Engineers  need  have  no  fear  that  their 
designs  will  be  copied,  because  all  the  tracings  are  handed  to 
a  responsible  person  to  be  treated.  Many  firms  have  already 
helped  in  this  way,  and  it  is  hoped  that  many  more  will  do  so. 
There  are  few  works  that  do  not  destroy  dozens  of  yards  of 
tracing  linen  a  year,  and  now  that  this  excellent  use  for  the 
waste  material  is  pointed  out  to  them  we  feel  sure  they  will 
respond  to  Lieut.  Jones's  request. 
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=FLEXIBLE  

METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,    Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  2) 


ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 
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Industrial  Efficiency. 

Disc  r;siONS  of  social  problems  likely  to  arise  after  the  war 
are  very  mucli  to  the  fore  j u st  aow,  and  as  these  are  many 
and  serious,  and  will  need  careful  consideration  to  reach  a 
solution,  a  discussion  of  them,  even  whilst  national  energies 
ai  e  ahrost  wIkjIIv  absorbed  in  the  titanic  struggle,  cannot  be 
called  inopportune.    The  root  factor  underlying  all  tlie  prob- 
lems will  be  how  to  r.uike  crood  the  appalling  waste  and  destruc- 
tion  that    iias    occurred  ;    how   to  restore  to  populations  of 
eiifeeblt^d  nations  ti  e  standards  of  coiiifort  enjoyed  in  pre- 
waf  -time  peace  days  ；  how  to  replenish  the  depleted  stores  of 
capital  ;  1-ow  to  repair  tiie  crippled  productive   powers  of 
industry  and  enable  it  to  bear  tlie  extra  load  of  taxation  that 
will  inevitably  be  laid  on  the  back  of  every  belligerent  nation. 
No   universal    panacea    will    meet   the    coming  difficulties. 
Reforms  cutting  deep  into  all  past  beliefs  and  prejudices  will 
be  necessary.    Education  must  be  wider  and  be  in  closer  touch 
with  the  actualities  of  life.    No  longer  must  the  phrase  a 
liberal  education  "  imply  a  familiarity  with  dead  languages 
and  an  ignorance  of  living  ones,  an  ability  to  quote  classic 
authors    and    an   igiiorance  of  the  rudiments  of  science,  a 
raniiliarity  with  manners  and  etiquette  and  an  ignorance  of 
the  ways  in  wliirh  tiie  masses  toil  and  earn  their  daily  bread. 
Older  methods  of  training  must  be  discarded.    The  acquisition 
of  knowledge  must  be  a  means  to  an  end,  and  that  end  increase 
ill  industrial  efficiency.    To  it  there  will  be  no  short  or  pleasant 
roads.    Hard  work  will  be  the  essential  feature  of  all  of  them. 
People  have  come  to  see  that  wealth  cannot  be  created  by 
political    juggling,    but    only    by    hard    work,    that  shot 
and    shell    and    safety    can    only    come    out    of  strenu- 
ous   endeavour,    and    that    any    measure    of    comfort  or 
lia])piness  to  be  enjoyed  in  the  future  will  depend  upon  its 
roiitiiiuaiK'e  by  eacli  and  all.      Liinitation  of  output,  ca 
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canny  "  restriction  of  emploviitent,  demarcation  of  labour,  the 
caste  system  that  forbids  a  mason  to  handle  a  brick  or  a  brick- 
layer to  touch  a  ptoiie,  along  \\  illi  all  other  tyrannical  develop- 
ments of  socialistic  trade  unionism,  must  be  abolished.  The 
extent  to  which  the  more  aggressive  sections  were  prepared 
to  push  these  doctrines  during  the  time  of  the  nation's  distress 
in  the  early  (lays  of  the  war  are  not  likely  to  be  forgotten  by 
the  public  wlien  it  is  over.  Notwithstanding  the  promises 
extracted  f rom  political  parties  that  tliese  so-called  "  rights 
and  privileges  、，  sl-oiild  be  restored,  we  venture  to  think  they 
will  not  again  be  tolerated.  Their  revival  would  in  no  way 
diminish  the  burden  all  must  bear  or  alleviate  the  lot  of  those 
v'ho  would  reimpose  them  The  last  12  months  has  afforded 
a  vivid  object-lesson  of  what  can  be  done  in  our  workshops 
with  female  and  unskilled  labour  uiitier  the  stimulus  of  pat- 
riotism untrammelled  by  clie  fetters  of  so-called  "  skilled  " 
trade  union  labour,  and  what  high  rates  of  wages  ('unskilled," 
or  we  prefer  to  say  quickly  trained,  labour  can  earn  under 
such  conditions.  It  is  to  the  advantage  of  the  whole  mass  of 
workers,  "skilled"  or  unskilled/'  that  monopoly  restric- 
tions, which  liave  been  so  blindly  worshipped  by  a  section  of 
them,  should  be  abolished.  Equally  futile,  in  our  opinion,  as 
a  means  of  increasing  industrial  efficiency  would  be  any  system 
of  nationalising  industries.  It  is  easy,  of  course,  to  point  to 
the  present  condition  of  the  working  of  our  railways  as  an 
example,  but  in  the  absence  of  all  data  as  to  cost,  this  semi- 
military  nieasure  provides  no  adequate  illustration,  and  those 
who  glibly  suggest  tliat  the  working  of  collieries,  the  shipping 
industry,  and  in  fact  all  great  national  enterprises,  should  be 
nm  on  similar  lines,  have  a  very  imperfect  conception  of  tlie 
complexity  of  the  problems  that  such  a  traiisformation  would 
involve,  and  overlook  the  fumlan 機 tal  fact  that  change  of 
ownership  in  no  way  alters  the  economic  relations  between  the 
employer  and  the  employed,  or  the  prejiulices  and  heartburn- 
ings til  at  inevit  ably  arise  where  human  beings  are  called  upon 
to  put  forth  organised  and  combined  effort. 


NOTES  ON  ELECTRIC  RAILWAY  TRACK  LEAKAGE. 

Technologic  Paper  No  75,  issued  by  the  U.S.  Bureau  of 
Standards,  entitled  ' '  Notes  on  Electric  Railway  Track 
Leakage,"  by  G.  H.  Ahlborn,  deals  with  data  obtained  as  a 
part  of  the  general  investigation  of  electrolysis  carried  on  by 
the  Bureau  of  Standards.  The  physical  characteristics  of 
three  suburban  and  interurbaii  lines  are  given,  and  tests,  con- 
ducted with  the  cars  off  the  line  and  the  concentrated  load  at 
the  extreme  end,  described.  The  first  line  is  constructed  with 
double  tracks,  the  rails  being  embedded  in  the  street  surface 
for  most  of  the  length,  which  is  5  5  miles.  The  road  bed  of 
tliis  line  is  quite  well  drained,  and  the  elevation  is  between 
200ft.  and  300ft.  The  total  leakage  from  this  track,  including 
that  escaping  from  the  terminal  networks,  is  about  28  per  cent, 
of  the  total  current  impressed,  wliich  was  300  amps.,  or  the 
leakage  is  84  amps.  Calculations  involving  the  distribution 
of  leakage  along  the  line  show  that  tlie  resistance  of  the  track 
is  increased  15  per  cent,  because  of  rail  joints,  which  is  not 
excessive,  since  several  isolated  high- resistance  joints  increase 
the  resistance,  and  the  joints  on  the  average  are  good.  The 
average  road-bed  resistance  for  1 ,000ft.  of  single  track  is 
about  1.76  ohms. 

The  second  line  tested  is  single  t  rack,  about  11  miles  long, 
with  tlie  rails  practically  clear  of  ground.  The  elevation  of 
tliis  line  is  about  125ft.  and  tlie  soil  is  chiefly  sand  and  gravel, 
so  that  it  drains  readily.  The  leakage  from  this  line  amounted 
to  47  per  cent.,  or，  with  the  150  amps,  impressed,  about  70 
amps.  Tliis  is  not  as  excessive  as  might  seem  in  comparison 
with  the  first  line,  because  the  overall  potential  drop  required 
to  force  the  current  through  this  line  was  tliree  times  as 
great.  However,  the  track  was  not  in  good  condition,  the 
joints  increasing  the  resistance  over  that  of  the  solid  rail  by 
40  per  cent.    The  resistance  to  ground  "was  unusually  high. 


being  about  14'57  olims  for  1,000ft.,  or  275  ohms  for  one 
jnile. 

The  third  line  was  single  track,  about  6*5  miles  long,  with 
the  rails  generally  clear  of  soil.  However,  the  elevation  was 
very  low,  being  about  10ft.  above  sea  level  on  the  average, 
and  the  soil  was  impregnated  with  salt  water  from  the  sur- 
rounding marshes.  The  total  current  impressed  was  205 
amps"  and  of  this  amount  only  14  amps,  remained  on  the 
track  throughout  its  entire  length,  or  the  leakage  was  93  per 
cent.  Here,  again,  the  overall  potential  is  high,  being  87 
volts,  but  the  track  was  in  very  bad  condition,  the  joints 
having  increased  the  effective  resistance  to  nearly  16  times 
what  it  would  have  been  with  continuous  rails.  For  con- 
siderable distances  one  rail  carried  the  entire  current,  and 
this  rail  had  many  high-resistance  joints.  The  leakage  resis- 
tance was  low,  being  1.8  ohms  for  1,000ft.,  or  about  0'34  ohm 
for  one  mile. 

The  report  emphasizes  the  importance  of  maintaining  as 
high  resistance  to  ground  as  is  feasible,  but  especially  of 
having  a  liigli  standard  of  rail  bonding  and  cross  bonding  on 
all  lines. 


MECHANICAL  STOKERS  ON  LOCOMOTIVES. 

At  the  convention  of  the  American  Railway  Master  Mecha- 
nics Association  some  interesting  figures  relating  to  the  use  of 
mechanical  stokers  on  locomotives  in  the  States  were  pre- 
sented. The  figures  show  that  up  to  April  1st,  1916，  no  less 
than  1,418  stokers  of  the  four  leading  types  had  been  applied 
as  follows :  Street,  866  ；  Crawford,  413  ；  Hanna,  39;  Stan- 
dards, 100.  Reference  was  also  made  to  the  Locomotive 
Stoker  Company's  newly-introduced  duplex  stoker,  whicli  has 
for  its  object  the  conservation  and  efficient  utilisation  of  a 
greater  amount  of  the  finer  produce  in  the  fuel  heretofore 
subject  to  more  or  less  loss  with  any  of  the  scatter  type 
machines.  One  of  these  machines  lias  been  applied  to  a  Mallet 
engine  on  the  Norfolk  and  Western  Railway,  and  another  to 
a  locomotive  of  a  similar  type  on  the  Chesapeake  and  Ohio 
Railway,  and  a  third  is  on  order  for  the  Chicago,  Burlington, 
and  Qiaincy  Railroad. 


TRANSMISSION  GEAR  FOR  ELECTRIC  LOCOMOTIVES. 

A  COMMITTEE  report  presented  at  the  annual  convention  of  the 
American  Railway  Master  Mechanics  Association,  referring 
to  the  means  of  transmitting  the  power  from  the  motor  to 
the  drivers  of  electric  locomotives,  including  cost  of  repairs 
and  losses  by  friction,  states  that  the  designs  without  gears 
or  transmission  rods  are  the  most  efficient  for  train  speeds 
exceeding  45  to  50  miles  an  hour.  Below  these  speeds  the 
committee  recommend  the  gear  and  pinion  as  being  probably 
the  most  efficient .  The  jack  shaft,  according  to  the  report, 
has  so  far  been  found  not  entirely  satisfactory,  as  it  appre- 
ciably increases  internal  friction,  and  it  has  been  found  diffi- 
cult to  keep  it  from  pounding  and  running  hot.  Quill 
springs  have  given  rather  more  trouble  than  is  desirable  by 
breaking  or  becoming  unseated.  Where  gears  are  used,  some 
design  of  spring  or  flexible  gear  will  probably  be  found 
desirable  for  steam  railroad  electrification. 


Iron  and  Steel  Institute.  ―  The  autumn  meeting  of  this 
Institute  will  l.)e  held,  by  kind  permission,  at  the  Institution 
of  Civil  Engineers,  Great  George  Street,  Westminster,  on 
Thursday  and  Friday,  September  21st  and  22nd,  1916,  com- 
mencino;  at  10-30  a.m.  on  the  21st  and  at  10  a.m.  on  the  22nd- 
The  following  is  the  list  of  papers  that  are  expected  to  be  sub- 
nutted  for  reading  and  discussion  :  (1)  "  Some  Properties  of 
Ingots,"  hy  H.  Brearley  ；  (2)  "  Influence  of  Heat-treatment  on 
the  Thermo-electric  Properties  and  Specific  Resistance  of 
Carbon  Steels,"  by  Prof.  E.  D.  Campbell  ；  (3)  "  Heat  Treat- 
ment of  Eiitectoid  Carbon  Steels,"  by  Dr.  H.  M.  Howe  and 
A.  G.  Levy  ；  (4)  "Steel  Ingot  Defects/'  by  J.  N.  Kilby  ； 
(5)  "  Manganese  Ores  of  the  Bukowina,  Austria,"  by  Herbert 
K.  Scott  ；  (6)  "  Influence  of  Elements  on  the  Properties  of 
Steel，，，  by  Dr.  J.  E.  Stead,  F.R.S.  ；  (7)  "  Notes  on  (o)  Nickel 
vSteel  Scale,  (h)  On  the  Reduction  of  Solid  Nickel  and  Copper 
Oxides  hy  Solid  Iron,  (r)  On  Effect  of  Blastfurnace  Gases  on 
Wrought  Troll,"  by  Dr.  J.  E.  Stead,  F.R.S.  ；  (8)  '(Use  of 
Meteoric  Iron  by  Primitive  Man，"  by  G.  F.  Zimmer. 
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THE  USE  OF  CRUDE  OIL  FOR  CUPOLA  MELTING.* 


s  rout;  II  ruN . 


Thk  objet-l  oi'  the  oil  cuj)ola  process  is  to  replace  coke  melting 
with  oil  melting.  The  cupola  is  chosen  as  the  furnace  because 
many  years"  experience  liave  shown  that  t his  is  the  most 
efficient  and  cheapest  known  furnace  for  melting.  Three 
lu'inciples  are  essential  to  the  success  of  this  process  :  The  first 
IS  preventing  the  iron  in  the  cupola  from  luatting  together 
when  it  reaches  the  plastic  stage  which  precedes  melting. 
Cupola  nieltiiig  with  oil  or  coke  has  been  tried  several  times 
by  merely  filling  the  cupola  with  iron  and  then  applying  the 
flame  at  the  lower  part.  In  each  case  the  result  has  been  to 
entirely  clog  the  cupola,  because  the  iron,  as  soon  as  it 
becomes  plastic,  mats  together  by  the  weight  of  the  metal 
above.  It  has  been  suggested  that  the  cupola  might  be  kept 
open  and  pervious  to  the  heat  by  providing  a  bed  of  refractory 
metal  in  the  lower  part.    Upon  this  bed  the  iron  would  rest. 

There  are,  however,  two  important  objections  to  this  :  The 
first  is  that  the  melted  iron-oxicle  and  slag  attack  the  firebrick 
and  ill  time  cause  it  to  be  joined  together  at  the  edges,  making 
it  iinpossi))le  to  dump  the  cupola  and  also  making  it  impossible 
to  use  the  same  refractory  material  the  second  time,  besides 
reducing  the  porosity  of  the  bed.  Those  who  are  familiar 
with  the  cutting-out  of  the  cupola  lining  at  the  melting  zone 
will  appreciate  the  difficulties  that  would  be  experienced  with 
a  bed  of  refractory  material  over  which  the  melted  iron  oxide 
would  flow. 

The  second  difficulty  of  using  firebrick  to  keep  the  charge 
open  is  that  it  would  be  necessary  for  the  firebrick  to  be 
mixed  with  the  iron  in  the  upper  part  of  the  cupola.  Other- 
wise, the  matting  together,  instead  of  taking  place  at  the 
melting  zone,  would  take  place  at  some  point  higher  up.  If, 
however,  every  charge  of  iron  had  to  contain  a  certain  pro- 
portion of  refractory  material,  the  result  would  be  that  the 
bed  in  the  bottom  of  the  cupola  would  be  built-up  to  sucli  a 
point  that  the  iron  would  be  raised  above  the  melting  zone. 

It  is  possible  that  a  bed  consisting  partly  of  firebrick  and 
partly  of  a  material  which  would  be  consumed  might  give 
more  economical  results  than  the  bed  now  used  in  the  oil 
cupolas,  which  consists  entirely  of  coke. 

The  second  basic  principle  which  it  is  necessary  to  recog- 
nise to  secure  success  in  oil  melting  is  that  crude  oil  cannot 
be  efficiently  burned  unless  some  extraneous  source  of  heat 
other  than  the  combustion  of  the  oil  itself  contributes  to  the 
flame.  It  is  well  known  that  an  oil  flame  deposits  graphite  in 
large  quantities,  this  graphite  being  due  to  the  incomplete 
combustion  of  the  oil.  The  use  of  preheated  air  is  one  means 
of  supplying  heat  from  an  extraneous  source  and  this  results, 
in  the  open-hearth  furnace,  for  example,  in  a  great  reduction 
of  the  amount  of  graphite  deposited. 

In  the  oil  cupola,  however,  we  are  using  a  bed  of  coke  and 
burning  a  very  small  amount  of  this  bed  in  order  to  furnish 
that  supplementary  heat  which  is  necessary  to  ensure  the 
complete  combustion  of  the  oil.  The  amount  of  bed  which  is 
burned  is  only  a  fraction  of  that  burned  in  the  ordinary  coke 
melting  process,  since  the  heat  for  melting  is  obtained,  in  tlie 
oil  cupola,  chiefly  from  the  combustion  of  oil.  Merely  enough 
coke  is  burned  to  maintain  tlie  bed  in  an  incandescent  state, 
and  to  supply  a  small  amount  of  heat  for  promoting  the  com- 
plete combustion  of  the  oil.  This  principle,  which  may  seem 
unimportant  and  trivial,  is  of  very  great  importance,  ami  is 
essential  to  the  success  of  the  process. 

Bv  burnincr  a  very  small  amount  of  the  bed,  it  makes  it 
possible  to  mix  a  sufficient  amount  of  coke  with  the  diarges  of 
ii'on  to  maintain  the  shaft  of  the  cupola  in  a  porous  condition, 
and  to  prevent  matting  together  of  the  material  in  that  loca- 
tion. The  coke  used  for  this  purpose  ultimately  finds  its  way 
down  and  replaces  the  coke  burned  from  the  bed. 

The  third  principle  upon  which  the  success  of  the  oil  cupola 
process  depends  is  tlie  means  for  controlling  the  combustion  ot" 
tlie  oil  and  coke.  We  have  discovered  that,  if  air  be  mixed 
with  atomised  oil  and  l)lowii  upon  a  l)cd  of  red-hot  coke,  the 
air  will  unite  only  with  the  oil,  unless  we  supply  more  than 
enough  air,  wlien  the  additional  air  will  l)urii  the  coke.  In 
other  words,  the  air  unit  cs  by  preference  with  the  oil  and  will 
not  burn  any  coke  utilil  there  is  ;in  excess  oF  air.  This  action 
is  so  well  marked  that  one  may  direct  a  flame  of  burning  oil 

*  Aby tract  of  papui  】u'(js(niUjd  before  tho  Pittsburg  Foundrymen's  Association. 


upon  a  \)vd  of  red-hot  coke  and  actually  put,  out  the  coke  fire 
therevviMi,  provided  the  oil  Ilaiiit!  iUnn  iiol  coiiLiin  an  excels  of 
air.  The  establisluneiit,  ol"  this  principle  eiiahlcH  one  to  nhno 
lutely  control  t  he  coinbusl  ion  of  t  he  oil  and  coke  hy  coni  rolling 
tlie  amount  of  air  aclinitlcd.  It  is  possible  to  do  this  by 
admitting  a  regulated  excess  of  iiir  with  1  lie  oil  (lame,  bul  we 
prefer  to  maintain  the  oil  and  air  in  the  (la/ne  in  such  pro 
portions  as  will  give  complete  combustion  of  tlie  oil  and  then 
to  burn  the  necessary  small  ； imouiit  of  coke  by  an  independent 
admission  of  air. 

For  example,  in  the  accompanying  illustration,  the  oil  and 
air  are  admitted  through  the  pipes  B  and  A  into  the  ignition 
chamber  C.  The  oil  flame  is  started  in  this  ignition  chamber 
and  enters  the  cupola  in  contact  with  the  coke  bed  V.  This 
coke  Led  is  maintained  in  an  iiicaiidesceiib  state  by  an 
independent  supply  of  air  admitted  through  the  tuyeres  D， 
which  are  underneath  the  ignition  chambers  C.  The  peep 
holes  at  the  end  of  the  tuyeres  D  and  the  ignition  chamber  C 
enable  one  to  observe  the  combustion  of  oil  and  coke,  and 
independent  valves  connected  with  each  of  the  different  pipes 

enable  the  air  to  be  adjusted 
to  give  perfect  combustion  of 
oil  in  the  ignition  chamber 
and  the  necessary  amount  of 
combustion  of  the  coke 
through  the  tuyeres  D.  It 
is  obviously  desirable  to 
have  the  minimum  possible 
consumption  of  coke  which 
will  maintain  the  bed  in  an 
incandescent  state,  and  this 
is  accomplished  by  adjusting 
tlie  valves  connected  with 
the  tuyeres  D. 

The  cupola  is  fust  filled 
with  coke  up  to  the  melting 
zone,  and  this  coke  is 
brought  to  a  state  of  incan- 
descence in  the  usual  way. 
The  amount  of  coke  used 
and  the  method  of  getting  it 
red  hot  is  the  same  in  the 
oil  process  as  in  the  usual 
coke  process.  On  top  of  the 
bed  then  is  placed  the  first 
charge  of  iron,  which  also  is 
the  same  size  as  in  coke 
melting  ；  then  comes  a  layer 
of  coke  which  is  only  oiie- 
quai'ter  the  amount  ordi- 
narily used.  On  top  of  this 
comes  auother  layer  of  iron 
of  the  usual  weight,  then  a 
layer  of  coke  of  one-quarter 
the  usual  size,  &c.  The  coke 
bed  is  kept  red  hot  at  all 
times  by  its  own  combustion, 
but  that  combustion  is 
very  much  less  than  the 
coke  combustion  in  the  ordinary  cupola,  because  we 
do  not  want  that  heat  to  melt  the  iron;  we  merely  want 
sufTicient  heat  to  maintain  the  bed  at  a  bright  red  colour.  In 
praclice,  we  find  that  the  amount  of  coke  burned  is  generally 
one-quarter  of  the  amount  generally  burned  by  the  ordinary 
process  and,  therefore,  the  layers  of  coke  coming  down  from 
a]>ove  are  just  sufficient  to  replenish  this  bed  and  maintain  it 
as  ill  the  ordinary  cupola  process. 

The  oil  is  atomised  into  ignition  chambers  surrounding  the 
cupola,  and  is  there  mixed  with  air  for  its:  combustion.  The 
flame  from  the  burning  oil  enters  the  cupola  and  comes  in 
contact  with  the  bed  of  coke  by  which  its  combustion  is 
liastened  and  completed.  The  result  is  an  intensely  hot  oil 
flame  by  which  tho  bulk  of  1-he  melting  is  done. 

The  operation  is  similar  to  the  ordinary  coke  melting 
operation,  the  principal  difference  being  that  the  temperature 
is  under  ])etler  control  by  means  of  controlling  the  oil  and  air 
； ulinitted.  When  once  adjusted,  llie  oil  flaTnes  need  very  little 
further  alteniion.  Tlie  results  obtained  with  an  oil-fired 
cupola  were  given  in  our  issue  of  February  18th  last  (see 
page  122,  Vol'.-  XXXVII.). 


(JllOSS-SECTION  OF  OH-  FIIIKD  CUPOLA. 

A  Air  for  Atomisin^i  OU  :  B  Oil  Supply 
Pi  IK-  :  C  Ignition  C'Uambor  ：  D  Tuyere  for 
admitting  Air  for  Coiiibustion  of  Coke  : 
E  M  i'm  Blast  ripe  ；  F  Coke  Bed  :  M 
Charges  of  Iron  for  Melting  ；  O  Snpi'l<^- 
men tary  Coke  Cliaryes. 
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SOME  REFINEMENTS  OF  MECHANICAL  SCIENCE.* 

BY  AMBROSE  SWASEY. 

The  division  of  the  circle  and  llie  measurement  of  angles  has 
ever  been  among  the  unsolved  problems  of  the  astronomer, 
yet  in  the  instruments  used  by  him  circles  have  formed  a 
most  iiiipoiiaiit  part.  Long  before  the  telescope  was  invented, 
Tychu  Bralie,  the  Danish  astronomer,  "  the  founder  of  modern 
astronomy,"  constructed  for  his  observatory  instruments  of 
various  kinds  having  graduated  circles  and  arcs  of  circles. 
His  instruments  for  tiie  most  part  were  improvements  on  those 
used  by  Arabian  astronomers  in  the  eighth  and  ninth  centu- 
ries, and  these,  in  turn,  were  copied  after  similar  instruments 
used  by  the  Greeks  and  Egyptians  a  thousand  years  previous, 
and  it  is  supposed  that  such  instruments  were  used  by  the 
Chinese  at,  an  even  earlier  period,  so  that  graduated  circles 
have  come  down  to  us  from  the  far-off  ages. 

The  first  circular  dividing  engine  was  made  in  1740  by 
Henry  Hindley,  of  York,  England,  for  cutting  the  teeth  of 
clock  wheels,  and  it  is  interesting  to  note  that  in  the  same  year 
Huntsmann,  another  clockmaker,  of  Sheffield,  invented  the 
process  of  making  crucible  steel,  that  he  might  have  a  metal 
suitable  for  the  springs  of  his  clocks.  Of  the  several  engines 
constructed  later,  the  one  most  successful  and  representing 
the  greatest  progress  was  that  made  by  Ranisden,  in  1777. 
This  engine,  automatic  in  its  movements,  was  made  especially 
for  graduating  circles,  and  because  of  the  great  precision  with 
which  he  divided  the  circles  of  the  instruments  used  by  the 
Government,  the  Board  of  Longitude  awarded  liim  the  sum 
of  £615.  A  further  and  most  potent  recognition  of  the  excel- 
lence of  his  work  lies  in  the  fact  that  all  subsequent  circular 
dividing  engines  have  followed  closely  the  same  general 
principles  of  construction  embodied  in  the  Ramsden  engine. 

Many  excellent  dividing  engines  have  been  made  that  are 
quite  sufficient  in  point  of  accuracy  for  the  work  for  which 
they  were  intended,  but  the  perfection  required  in  tlie  gradu- 
ation of  circles  for  astronomical  instruments  is  such  that  it 
has  been  found  to  be  one  of  the  most  difficult  of  all  mecha- 
nical problems  to  make  an  engine  to  meet  such  require- 
ments. In  such  an  engine  the  chief  essential  is  that  the  spindle 
carrying  the  master-plate  shall  be  as  nearly  round  and  as 
closely  fitted  in  its  bearings  as  is  possible,  for  the  degree  of 
excellence  with  which  that  work  is  done  determines  how 
closely  a  circle  can  be  divided. 

It  seems  almost  incredible  that  a  well-lubricated  sjnnclle  of 
four  inches  in  diameter  at  its  largest  part  and  tapering  three- 
quarters  of  an  inch  to  the  foot  can  be  made  so  nearly  round 
and  so  closely  fitted  in  its  bearing  that  a  movement  of  one- 
thousandth  of  an  inch  in  or  out  of  its  bearings  will  in  one 
case  cause  it  to  turn  with  difficulty,  and  in  the  other  with 
perfect  freeclojn,  yet  this  has  been  found  to  be  witliiii  the  limits 
of  mechanical  refinements. 

The  greatest  accuracy  thus  far  attained  in  such  engines 
is  one  second  of  arc,  which  arc,  with  a  radius  of  three  miles, 
efjuals  one  inch,  and  at  twenty  inches,  which  is  the  radius  of 
the  silver  ring  upon  which  the  graduations  on  the  】nastei'- 
plate  are  made,  a  line  one-thousandth  of  an  inch  in  width  is 
equal  to  twelve  seconds  of  arc,  or  twelve  times  the  accuiiui- 
lated  errors  of  any  number  of  divisions,  or  twenty  times  the 
greatest  error  of  any  single  division. 

In  automatically  graduating  a  circle,  it  lias  been  found  lo 
be  impracticable  to  cut  more  than  six  lines  in  a  minute,  and 
it  requires  about  thirty-three  hours  to  divide  a  circle  into 
two-minute  spaces.  As  with  the  running  of  the  finest  clocks, 
the  best  results  can  only  be  obtained  when  the  engine  is  sur- 
rounded with  every  favourable  condition  possible.  Instead  of 
tlie  large  circles  and  sectors  used  by  the  ancients,  they  have 
been  made  smaller  in  diameter  as  the  methods  for  graduating 
have  been  improved,  until  those  of  tlie  more  modern  instru- 
ments are  seldom  more  than  thirty  inches,  and  some  of  the 
latest  meridian  instruments  have  circles  of  but  25in. 

*  Fi'oiii  tlie  Journal  of  tlio  American  Society  of  Meclianical  Engineers. 


A  25iii.  circle  read  with  a  microscope  having  a  power  of 
40  would  be  equivalent  to  a  circle  of  about  80ft.  in  diameter, 
and  a  single  second  of  arc  as  seen  Ih rough  the  microscope 
would  be  equal  to  0.0024  of  an  inch,  a  (|uaiitity  easily  sub- 
divided. 

Step  by  step  from  the  methods  of  the  Arabian  astronomers 
lo  the  time  of  Tyclio  Bralie  and  on  down  to  the  present  day, 
inijn'ovenients  in  the  instruments  and  methods  for  the 
ineasureiuent  of  auglos  have  been  going  on,  until  astronomers 
can  measure  double  stais  with  a  separation  of  one  second  of 
arc,  and  within  less  than  one  second  they  can  define  their 
positions  in  the  heavens. 

In  the  realm  of  llie  measurements  of  minute  linear  dis- 
tances, and  the  perfection  of  curved  and  flat  surfaces,  the 
refiiieinents  are  even  greater  than  those  pertaining  to  the 
ineasurenieiit  of  lime  and  of  angles.  Most  important  in  the 
linear  dividing  engine  is  the  screw,  and  although  much  had 
been  accomplished  in  bringing  such  engines  to  a  high  degree 
of  excellence,  it  was  for  Prof.  Rowland  to  make  an  engine 
which  has  a  practically  perfect  screw  ：  and  without  doubt  it 
is  in  all  respects  the  nearest  perfect  of  all  the  mechanisms  that 
have  been  eniplcyed  for  ruling  lines  exactly  parallel  and 
equally  spaced.  The  Rowland  engine  was  made  especially  for 
ruling  diffraction  gratings  which  are  made  of  speculum  metal, 
and  with  it  a  metal  surface  has  been  ruled  with  160,000  lines, 
there  being  about  29,000  to  the  inch,  and  as  many  as  43,000 
lines  to  the  inch  have  been  ruled. 

The  gratings  mostly  used  have  from  14,000  to  20,000  lines 
to  the  inch,  and  with  such  exactness  is  the  cutting  tool 
moved  by  the  screw  that  the  greatest  error  in  the  ruling 
does  not  exceed  one  millionth  of  an  inch.  The  produc- 
tion of  these  gratings,  which  lias  enabled  the  physi- 
cist in  his  study  of  the  spectrum  to  enter  fields  of  research 
before  unknown,  has  not  only  called  for  the  highest 
degree  of  perfection  ever  attained  in  the  spacing  of  linear 
distances,  but  it  lias  also  called  for  a  refinement  most  difficult 
ill  the  optical  surfaces  upon  which  the  lines  are  ruled.  To 
Mr.  Brasliear  was  given  the  problem  of  producing  such 
surfaces,  and  notwithstanding  the  many  difficulties  encoun- 
tered in  working  and  refining  the  speculum  metal  plates,  he 
has  made  many  hundred  plates  with  surfaces  either  flat  or 
curved  with  an  error  not  to  exceed  one-tenth  of  a  wave  length 
of  light,  or  one  four  hundred  thousandth  of  an  inch. 

As  the  established  standards  of  length,  which  are  the  yard 
of  Great  Britain  and  ilie  metre  of  Fran ce,  are  made  of  metal, 
and  liable  to  destruction  or  damage,  Prof.  Michelson  con- 
ceived the  idea  of  determining  the  lengths  of  these  standards 
ill  wave  lengths  of  light,  which  would  be  a  basis  of  value 
unalterable  and  indestructible.  For  the  purpose  of  carrying 
out  these  experiments,  the  interferometer  was  constructed,  an 
instrument  which  required  the  highest  order  of  workmanship 
and  the  greatest  skill  of  the  optician.  Again  Mr.  Brashear 
proved  to  be  equal  to  the  occasion,  and  made  for  the  instru- 
ment a  series  of  refracting  plates,  the  surfaces  of  which  were 
flat  within  one-twentieth  of  a  wave  length  of  light,  with  sides 
parallel  within  one  second.  This  was  the  most  difficult  work 
ever  attenipted  in  the  refinement  of  optical  surfaces. 

Prof.  Michelson  and  Prof.  Morley  devised  a  method  for 
using  the  interferometer  to  make  the  wave  length  of  some 
definite  light  an  actual  and  practical  standard  of  length.  So 
satisfactory  was  the  result  that  Prof.  Michelson  was  invited 
to  continue  the  experiments  at  the  Bureau  of  Weights  and 
Measures,  at  Sevres,  France,  where  the  standard  iiietre,  which 
is  kept  in  an  underground  vault  and  inspected  only  at  long 
intervals,  was  used  for  that  important  work.  The  final  result 
of  the  experiment's,  which  occupied  nearly  a  year,  shows  that 
there  are  1,553,164'5  wave  lengths  of  red  cadmium  liglit  in 
the  French  standard  metre,  at  15。  cent.  So  great  is  the 
accuracy  of  these  experiments,  that  tliey  can  be  repeated 
within  one  part  in  two  millions.  Should  the  material  standard 
of  length  be  damaged  or  destroyed,  the  standard  wave  length 
of  light  will  remain  unaltered,  as  a  basis  from  which  an  exact 
duj)li('ate  of  the  original  standard  can  be  made.  These  two 
marvellous  instruineiits,  the  Rowland  dividing  engine  and  the 
Michelson  inlerfeioineter,  show  the  possibilities  in  the  perfec- 
tion of  linear  divisions  and  the  standards  of  length. 
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At  (he  ciui  ot  the  19th  century  the  marine  engineer's  task  in 
the  selection  ol'  propelling  inaciiiiiery  was  a  comparatively  easy 
one.  Practically  】iis  only  alterii;itives  were  t he  installation  ol* 
either  triple  or  quadrupie-expansion  steam  engines.  Within 
the  last  few  years,  however,  the  range  open  to  him  has  been 
much  wider  ；  and  although  the  reciprocating  steam  engine  still 
lias  inanv  adherents,  the  direct-drive  turbine  either  iiidepeii- 
dciUlv  or  in  conjunction  with  a  reciprocaLor,  finds  advocates 
lor  large  steamers  with  three  or  four  shafts.  The  niechani- 
cally-geared  turbine  either  impulse  or  impulse  reaction  has 
rapidly  come  into  favour  for  many  types  of  vessels,  and  the 
internal-coni  bust  ion  engine  has  a  school  of  its  own,  whilst 
recently  turbo-electrical  propulsion  has  come  to  the  front. 

It  is  a  far  cry  from  the  first  electrically-propelled  28ft. 
boa t  designed  by  Prof.  Jacobi,  which  ran  on  the  Neva  in  1838 
driven  from  a  primary  battery,  to  the  37,000  s.h.p.,  32,000-ton, 
*J*J.\-knot  super-dreadnought,  "  New  Mexico  、'  (late  "  Cali- 
fornia "), the  keel  of  which  was  laid  in  October,  1915.  The 
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successful  operation  oi*  this  ship  for  more  Ihnn  2 A  years  haw 
resulted  in  orders  being  】）lace(l  by  the  United  Sf;iteH  naval 
iiiilhoritieH  For  three  electrically-propolled  suj)er-d readiioiiglilH, 
of  which  the  ''  New  Mexico  "  already  rei'erred  to  is  one. 

Karly  in  1913，  the  favourable  results  achieved  l)y  the 
t  nrhiiie  associated  with  his  name  led  Mr.  Birger  Ljungst  rom, 
of  Stockholm,  in  conjunction  with  his  brother— Mr.  Frederick 
Ljuiigstrorri ― to  seriously  consider  the  question  of  electrical 
marine  propulsion  for  commercial  vessels.  The  pioneer  ship 
built ― the  "  M  joiner  " ― of  900  s.h.p.,  with  two  generating 
units,  each  of  450  s.h.p.,  has  successfully  proved  Messrs. 
Ljungstroiiis'  contention  with  regard  to  the  economical  adapta- 
tion of  this  system,  even  for  one  of  the  smallest  sizes  of  sea- 
going ships.  This  vessel  has  now  been  running  since  Decem- 
ber, 1914，  and  the  fuel  consumption  under  the  same  condi- 
tions of  deadweight,  speed,  and  coal  has  averaged  38' 6  per 
cent,  less  than  that  of  her  sister  ship——"  Mimer  " ― fitted  with 
triple- expansion  reciprocating  engines. 

Messrs.  Ljungstroni  recognised  thac  an  important  feature 
in  marine  propulsion,  and  one  not  hit h f^vto  sufficiently  recog- 
nised, was  that  the  generating  plant  should  be  subdivided  into 
at  least  two  entirely  independent  units,  so  that  either  set 
could  drive  the  ship  at  about  three-quarters  speed,  running 


Fig 
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march  of  progress  in  electrical  marine  propulsion,  from  1838 
to  within  the  last  two  years,  has  been  very  slow,  and  the  recent 
forward  movement  is  remarkable  and  significant. 

Ill  1903,  Messrs.  Nobel  Bros,  ran  a  tank  vessel  of  1,150  tons 
displacement  on  the  Volga,  the  vessel's  speed  being  about 
eight  knots,  and  the  total  of  360  b.h.p.  was  supplied  by  three 
sets  of  Diesel  engines  to  three  motors,  each  driving  a  separate 
propeller.  I  believe  three  or  four  other  similar  Diesel  electri- 
cally-propelled ships  were  built  for  Messrs.  Nobel  from  190G 
to  1908,  and  are  still  in  operation. 

About  1912，  the  late  Mr.  Henry  Mavor  s  linn  equipped  a 
Canadian  lake  steamer  ―  the  "  Tyneniount  "  ―  with  two 
250  b.h.p.  Diesel  alternator  sets,  supplying  current  to  a 
3-phase  motor.  This  was  the  first  example  of  3- phase  inachi- 
nery  applied  to  marine  propulsion,  but  was  unsuccessful  owing 
to  the  difficulty  experienced  in  running  the  two  Diesel  engines 
at  the  lower  speeds. 

The  first  practical  example  of  in rbo-electrical  transnnssion 
was  oil  the  United  States  collier  "  Jupiter,"  of  20,000  toiiK 
displacement,  and  12,000  tons  deadweight,  equipped  witli  one 
5,000  kw.  turl)o-generator  of  the  Curtis  type,  driving  two 
direct-coupled    3-phase  motors,    each   of    2,500  b.h.p.  The 

•  Abstract  of  paper  rearl  before  the  Institution  of  Kiif^inecrs  and  Shipbuilflcrs 
in  Scotland,  Marcli  '21  ab,  1916. 


under  relatively  economical  conditioiis.  Naturally,  this  sub- 
division of  power,  though  conducing  to  maximum  reliability 
at  boa,  necessitates  an  efficient,  light,  and  accessible  turbine. 

In  1907，  Messrs.  Ljungstroni,  in  the  course  of  investiga- 
tions oil  the  Curtis  impulse  and  Parsons  reaction  types  of 
turbines,  came  to  the  conclusion,  which  has  been  confirmed  by 
independent  investigators,  that  the  })ure  reaction  principle 
offered  certain  advantages  over  the  impulse  type,  more 
especially  for  turbines  of  larger  output.  The  drawback,  how- 
ever, in  the  reaction  system  was  the  large  number  of  rings  and 
bladeSj  involving  a  correspondingly  long  rotor  to  ensure  a 
reasonable  efficiency,  and  the  attendant  tendency  to  distortion 
of  casing  with  varying  temperatures,  necessitating  considerable 
tip  clearances  ami  corresponding  leakages. 

With  a  view  to  reducing  such  excessive  length,  Messrs. 
Ljungstroin  experimented  on  various  widths  of  blades,  and 
I'ound  that  these  could  be  reduced  to  5  mm.  in  the  high- 
pressure  end  up  to  17  mm.  in  the  low-pressure  end  without 
affecting  the  efficiency.  They  realised,  however,  that  shorten- 
ing  the  turbine  axial Iv  did  not  solve  the  problem  of  so  adjust- 
ing  the  passage  of  steam  through  the  blading  as  to  allow  it  to 
follow  its  natural  curve  of  expansion  from  a  stop-valve  volume 
of  about  2ff  cub.  ft.  per  pound  up  to  a  volume  of  over 
300  cub.  ft.  per  pound,  at  a  vacuum  of  from  28in.  to  28iin. 
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They,  therefore,  conceived  the  idea  of  turning  the  plane  of  the 
blade  area  through  an  angle  of  90。，  thus  converting  the  direc- 
tion of  steam  from  axial  or  parallel  to  radial  flow,  and  were 
thus  enabled  to  proportion  the  area  of  the  successive  blade 
rings  so  as  to  follow  the  true  expansion  curve  of  steam  from 
turbine  inlet  to  condenser. 

Simultaneously,  the  great  advantages  were  realised  which 

blades  in  the  ordinary  turbine 
the  same  speed  as  the  moving 


would  accrue  were  the  guide 
designed  so  as  to  revolve  at 


FIG.  2 
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blades,  thus  doubling  the  relative  speed  of  the  blade  rings, 
and,  therefore,  necessitating  only  oiie-quarl-er  the  total  number 
of  rings  for  the  same  efficiency. 

Earlier  inventors,  notably  Siemens-Schuckert,  had  attempted 
revolving  the  fixed  guide  blades  in  the  axial  flow  turbine  by 
means  oi  bevel  gearings.  Obviously  such  devices  were  unsatis- 
factory, and  Messrs.  Ljungstrom  concluded  that  the  only 
satisfactory  method  of  double  rotation  would  be  on  the  pure 
reaction  principle  of  alternate  concentric  blade  rings.  The 
steam  reacting  from  the  first  blade  ring  to  the  next  ring 
surrounding  and  concentric  thereto. 

As  it  was  important  that  the  clearance  between  the  revolv- 
ing rings  should  be  as  small  as  possible,  the  next,  step  was  to  so 
hold  tliern  in  their  supporting  discs  that  any  distortion  conse- 
quent on  the  variation  in  temperature  between  the  blade  ring 
and  the  framework  should  be  eliminated.  The  original  idea 
was,  therefore,  conceived  of  carrying  each  blade  ring  on  its 
own  expansion  ring,  and  embodying  a  series  of  expansion  or 
breathing  rings  throughout  all  parts  of  the  turbine  subject  to 
tern perature  differences. 

The  period  between  1907  and  1909  was  spent  by  Messrs. 
Ljungstrom  in  preparing  the  designs  of  all  the  essential 
details,  and  the  results  of  their  careful  work  were  embodied, 
in  ]  910,  in  the  first  turbine  constructed  by  tliem  of  750  b.h.p., 
running  at  3,700  revs,  per  minute,  which  gave  a  trial  steam 
consumption  of  8'911)s.  per  brake  horse-power  per  hour,  total 
teniper.'it ure  of  steam  626''  Fah.,  vacuum  28*Giii.,  and  171】bs. 
per  square  inch  absolute  pressure  on  t  he  tiir])ine  inlet  valve. 
Since  thai  date  an  aggregate  of  approximately  200,000  b.h.p., 
of  a  desif^n  practically  identical  to  their  first,  turbine,  is  in 
operation  or  under  construction. 

Fig.  1  shows  a  half-longitudinal  section  of  the  turhiiu*. 
The  turlnne  revolves  on  an  axis  represented  by  X  Y.  Tli(' 
steam  enters  through  the  main  pteain  pipe,  branching  ofT 
where  it  enters  the  turbine  into  two  vertical  pipes  A  A,  from 
whence  it  passes  by  means  of  a  number  of  holes  B  B  milled  in 
I  lie  hub  of  each  supporting  disc  to  the  innermost  turbine  ring 
1,  then  radially  through  the  two  series  of  blade  rings  to  tlie 


last  ring  42  on  its  way  to  the  condenser.  There  are  altogether 
42  blade  rings,  21  being  fixed  to  supporting  disc  G  K  and 
21  to  the  supporting-  disc  G  L,  the  discs  revolving  in  opposite 
directions.  It  will  be  noted  that  these  two  supporting  discs, 
carrying  the  blade  rings,  are  each  divided  into  three  sections, 
connected  through  expansion  rings,  in  order  to  avoid  the 
stresses  ai)d  alterations  in  shape  wliich  would  arise  in  a  solid 
disc  subjected  to  the  influence  of  varying  and  irregularly  dis- 
tributed temperatures,  as  would  be  the  case  when  steam  is 
first  admitted  into  the  turbine,  and  when  variations  occur  in 
steam  pressure,  steam  temperature,  or  load.  Considerable 
temperature  stresses  would  occur  were  they  built  in  solid  form, 
as  the  centre  of  the  disc  is  brought  into  contact  with  higli- 
pressure  steam,  while  at  the  circumference  it  is  in  contact  with 
low-pressure  steam  of  correspondingly  lower  temperature. 
The  supporting  discs  are  made  from  chrome  nickel  steel. 

Each  disc  is  directly  coupled  to  the  rotor  of  the  generator, 
being  mounted  on  the  overhanging  end  of  the  shaft.  The 
centre  hole  is  tapering,  and  the  hub  is  secured  to  the  shaft  by 
means  of  a  number  of  round  keys,  which  are  in  their  turn 
retained  by  a  locking  device  screwed  into  the  end  of  the  shaft. 
The  part  of  the  shaft  situated  within  the  turbine  casing,  and 
subjected  to  heating  by  the  steam,  is  hollow,  so  that  the 
fluctuations  of  temperature  in  shaft  and  hub  follow  one 
another,  and  thus  avoid  play  between  the  hub  and  the  shaft. 
A  general  inspection  of  this  half- longitudinal  section  shows  a 
number  of  small  dumb-bell  shaped  sections.  These  are  not 
links,  but  cross-sections  of  circular  rings  made  of  nickel  steel. 
They  are  the  expansion  or  breathing  rings  which  form  one  of 
the  essential  features  of  the  turbine,  and  are  interposed 
between  any  two  parts  which  would  be  otherwise  liable  to  dis- 
tortion due  to  variation  of  temperature.  These  expansion 
rings  are  interposed  between  the  blade  rings  and  supporting 
discs,  between  the  component  parts  of  the  discs  themselves, 
and  between  the  steam  cKests  and  their  supporting  frames. 

The  blade  rings  of  the  turbine  form  an  important  feature, 
and  Figs.  2,  3,  and  4  show  the  method  of  their  construction. 
The  blades  themselves  are  made  of  5  per  cent,  nickel  steel. 
Calculating  from  the  centre  line  X  Y，  Fig.  1，  the  first  33  rows 
are  5  mm.  wide,  the  next  five  are  7  mm.,  and  the  last  two  12  mm. 
and  20  mm.  respectively.  The  blades  are  milled  from  solid 
rough-turned  bars  on  ordinary  horizontal  milling  machines 
and  are  polished  to  a  mirror-like  surface  both  inside  and  out. 
They  are  then  cut  into  lengths  11，  Fig.  2，  and  are  notched  on 
the  ends  for  insertion  into  mild-steel  retaining  frames  15.  A 
side  view  of  such  retaining  frames  is  shown  with  registers  or 


Fig.  5. 

slots  to  receive  the  blades  in  19.  The  turbine  blades  are 
retained  in  their  positions  by  ineans  of  thin  sheet-iron  strips 
1^0,  ill  which  are  piuidied  holes  of  the  same  cross-section  as  the 
blades,  and  at  a  distance  corresponding  to  the  pitch  or  spacing 
of  the  l)lacles.  These  strips  are  applied  in  their  places 
simultaneously  with  the  asseniblin£^  of  the  blades  in  the  retain- 
ing frames,  the  angles  of  the  blades  being  thus  properly  set, 
and  the  blades  prevented  from  shifting  during  the  welding 
operation.    The  discs  containing  the  blades  are  mounted  on  a 
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nuuulrol,  Fii^r  3,  which  is  hold  vertically.  The  blado  ends  aro 
woldod  up  solid  iu  t  heir  fniinos  by  molt  iiii^  iron  wire,  luuler  t  lio 
oxv-;u*ct  vitMie  blow  ])i|>o,  l  lius  lining  up  t  lie  chainiels  18，  Fig. '丄 
Tlio  blade  i  lliius  oht  ainetl  is  t  hen  t  urned  up  in  a  lat  he,  I  lie 
slioet-iroii  strips  are  cut  away,  ； uul  tlie  suppodiiig'  mandrol 
removed,  i;iving  tho  dovotail  shape  22,  Fig.  3，  or  10，  Fig.  4. 
Streii^tlieiiiiii*-  rings  9,  Fii>-.  4，  nuide  of  the  fhiest  grade  spring 
steel  are  tlien  dovelailetl  into  the  blade  ring,  and  the  edges 
squeezed  in  so  as  to  grip  the  dovetail  tightly,  by  means  of 
hintred  rollers  carried  on  the  lathe  tool  rest.  A  groove  is 
lormed  iu  one  of  the  strengtlieiiine:  rings  9  to  receive  the 
(lumb-hell-shaped  expansion  ring"  4,  the  other  end  of  the 
dumb-bell  being  rolled  into  the  seating  ring  2，  which  is  subse- 
quentlv  fitted  to  the  supporting  disc,  to  which  it  is  secured  by 
a  caulking-  strip  3.  Each  blade  I'ing  is  now  complete,  with 
the  exception  of  1  wo  piu'e  nickel  fms  7  which  are  caulked  into 
the  top  surface  of  the  strengthening-  rings  by  two  pieces  of 
soft  iron  wire  8.  The  function  of  the  nickel  fins  is  to  prevent 
side  leakage  from  any  pair  of  counter-rotating  blade  rings. 

Referring  again  to  Fig.  1，  it  will  be  obvious  that  the  steam 
entering  the  centre  and  flowing  through  the  series  of  turbine 
discs  to  the  condenser,  will  displace  each  rotating  half  axially 
outwards  relatively  to  the  other,  unless  this  is  counteracted 
by  a  corresponding  reverse  pressure.  This  is  effected  by  a 
series  of  labyriiithic  dummies  E  D，  of  which  D  is  attached  to 
its  respective  rotating  disc  through  three  expansion  rings,  and 
revolves  with  it  ；  whilst  E  is  fixed  to  the  stationary  part  of  the 
steam  chest.  Steam  is  adniilted  between  bhese  dummies  from 
the  centre  of  the  turbine.  The  inner  labyrinthic  packings 
receive  the  full  steam  pressure,  the  pressure  gradually  decreas- 
ing from  the  centre  until  it  finally  drops  to  that  of  the  con- 
denser outside  of  the  outermost  labyrinth.  Each  rib  of  the 
fixed  dummies  has  a  small  groove  on  its  outer  face,  into  which 
a  folded  strip  of  thin  nickel  is  lightly  driven. 

These  labyrinthic  dummy  packings  obviously  form  a  very 
accurate  method  of  balancing  the  axial  thrust.  Should  the 
load  increase  in  the  turbine,  the  revolving  labyrinthic  face  D 
approaches  the  fixed  face  E,  thereby  increasing  the  space 
between  the  nickel  strips,  and  causing  high-pressure  steam  to 
enter  between  E  and  D，  forciner  D  in  tlie  opposite  direction, 
and  automatically  closing  the  labyrinthic  openings.  A  small 
dash  pot  is  fixed  to  the  end  of  each  rotor  shaft  for  the  purpose 
of  damping  any  oscillatory  movement  which  would  otherwise 
occur.  Reference  may  be  here  made  to  the  shaft  packings  or 
erlaiids  F，  Fig.  1，  which  reduce  shaft  leakage  to  a  miiiimum. 
These  packings  are  of  nickel  steel,  designed  to  expand  freely 
in  all  directions  without  distortion.  Packing  for  a  1 ,500  b.h.p. 
turbine  occupies  a  length  of  less  than  3Hn.  of  the  shaft,  but. 
contains  no  less  than  158  constructinp-  surfaces.  The  actual 
leakage  tln'ough  these  glands  is  less  than  1  per  cent,  of  the 
maximum  output,  of  the  turbine,  but  this  is  not  wasted,  as  a 
separate  pipe  leads  it  to  the  feed-water  heater,  where  it  is 
economically  utilised.  L  M，  Fip-.  1.  shows  the  overload  bypass. 
The  overload  valve  introduces  hi^^h-nressure  steam  direct  into 
the  outer  blade  rings  tlirouo-h  a  series  of  60  holes  drilled  cir- 
cumferentially  in  the  supporting  disc. 

A  cross-section  of  one  of  the  shaft,  bearings  of  the  turbine 
is  shown  in  Fig.  5,  and  attention  might  be  drawn  to  the 
delicate  methods  of  adjustment  possible  by  the  construction 
of  this  bearing.  It  will  be  noted  that  there  are  four  adjusting 
sci^ews  fitted  with  hemispherical  heads.  Each  adjusting  screw 
1  is  provided  with  a  pair  of  locking  washers  10  on  which  are 
12  and  11  holes  respectively,  thus  giving  132  different  positions 
for  each  turn  of  the  adjusting  screw,  corresponding  to  a  thread 
with  a  very  fine  pitch.  It  will  also  be  noted  that  there  is  an 
eccentric  ball  22,  which  admits  of  axial  adjustment  by  turning 
its  corresponding  screw.  ^ 
All  bearings  are  automatically  lubricated  by  oil  under 
forced  pressure,  and  a  feature  of  the  h 山 Heating  system  of  the 
Ljungstrom  turbine,  which  is  common  to  each  installation,  is 
that  it  i，  impossible  to  start  the  turbine  unless  tlie  bearings 
ai'e  lubricated  at  their  normal  oil  pressure,  as  should  for  any 
i;eason  the  oil  supply  fail,  the  turbine  will  automatically  shut 
down.  A  cylindrical  chamber,  by  the  side  of  the  turbine,  con- 
tains the  throttle  valve,  details  of  which  are  shown  in  the 
cross-section,  Fig.  6. 

^  The  oil  pump  is  of  the  orclinary  .sheared  type,  driven  directly 
by  the  governor  spindle,  inaiiitaini'iicr  a  pressure  of  351bs.  ])er 
square  inch,  lowered  to  about  151bs.  per  square,  inch  for  the 


1)oarihg  lul)]-i('a( ioi»  by  means  of  ； i  mh":in"'  valve.  Tlie 
tln'otile  valve  ia  normally  pressed  ")  it  s  sou  I  by  moans  of  ； i 
powerful  spiral  spring  act in^  vertically  downward.  On  1  he 
lower  aide  ot*  tlie  valve  spimlle  is  attached  a  douhle  heat 
pislon.  The  oil  pressure  acts  on  ilie  l)oiiorn  side,  of  this 
piston,  and  consequently  has  to  work  a^aiiiHt  the  R)>iral  spring 
ill  order  to  open  1  he  throttle  valve.  Thus  any  variatioiiH  in 
oil  prossui'e  varies  the  position  of  the  t liroitle  vulvo,  wliicli, 
through  a  floating  】evei'  and  side  shaft,  maintains  a  onsiani 
relationship  between  the  position  of  the  stop  valve  and  that 
of  the  i^ovenior,  Fig.  7，  which  latter  is  of  the  Chorlton 
Med  lock  type. 

An  emergency  release  device  is  supplied  by  a  steel  cable 
under  tension  which,  so  long  as  it  is  iti  tension,  holds  shut  an 
oil  relief  valve  in  the  relay  controlling  the  stop  valve  ；  in  the 
event  of  the  turbine  attaining  an  excessive  speed  or  the  bear- 
ings becoming  unduly  heated,  the  cable  slackens,  Ums  releas- 
ing a  lever  at  the  side  of  the  stop  valve  ；  this  releases  the  oil 
pressure,  the  tension  spring  operates,  and  the  turbine  stops. 

To  start  tlie  turbine,  tlie  handle  shown  at  the  top  is 
unscrewed  a  couple  of  turns,  so  as  to  admit  sufficient  steam 


to  raise  the  disc  valve  from  its  seat,,  and  allowing  a  sufficient 
amount  of  steam  to  leak  past  the  double-beat  piston  valve, 
which  is  quite  sufficient  to  warm  up  the  turbine  in  a  few 
niinutes.  A  few  strokes  of  the  hand  pump  raises  the  oil 
pressure  sufficiently  to  lift  the  piston  on  the  valve  spindle 
a""iiiist,  the  downward  pressure  of  its  spring,  so  that  the 
lurbiiie  starts,  and  when  once  it  has  attained  its  maximum 
speed  the  regulation  thereafter  becomes  automatic. 

The  generators  are  of  very  substantial  construction,  the 
whole  machine  forming  a  rigid  cylindrical  structure,  which  is 
adeijuately  supported  on  the  condenser  inlet,  thus  t'orming  a 
direct  path  without  the  necessity  of  intermediate  joints.  As 
the  turbine  casing  is  itself  part  of  the  condenser  chamber,  it 
requires  no  external  lagging. 

The  relative  lightness  of  the  rotating  parts  of  the 
Ljiuigstrom  turbine,  coupled  with  their  meclaanical  construc- 
tion, should  dispel  any  criticism  respecting  the  overhang.  In 
the  case  of  a  1,500  b.h.p.  machine,  the  weight  of  each  revolv- 
ing part,  that  is,  turbine  rings,  supporting  disc,  and  attached 
labyrinthic  packing,  are  only  2651bs.  and  3031bs.  respectively, 
while  the  niaxiniiun  overhang  to  the  outside  of  the  bearing 
is  lO.Un.  The  total  weight  of  turbine  and  steam  chests  is 
about  I'OOOlbs.  The  complete  turbine  can  he  removed  for 
inspection,  and  opened  up  in  two  hours.  The  over-all  diameter 
is  29in.  and  over-all  length  across  the  steam  chests  27iin. 
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Xo  insulating  jackets  need  be  removed  to  make  holts  and  nuts 
accessible.  The  internal  parts  of  the  turbine  are  made  acces- 
sible by  lifting  off  the  upper  part  of  the  turbine  casing.  The 
couplings  between  tlie  generator  shafts  and  the  turbine  wheels 
are  then  unscrewed,  and  a  clamp  is  applied  to  the  steam  chests. 
Bv  the  aid  of  this  clamp  the  whole  turbine  and  its  steam 
chests  are  lifted  together. 

The  whole  turbine  has  been  so  designed  as  to  be  manu- 
factured ill  ordinary  lathes,  such  as  may  be  found  in  any 
modern  engiiieei'iiig  shop.  The  litter  is  almost  entirely 
replaced  bv  the  turner.  The  manufacture  of  the  blade  rings 
is  ordinary  repetition  work,  to  which  unskilled  boy  or  girl 
labour  can  be  trained  in  a  few  weeks.  The  completed 
machine  has  a  factor  of  safety  larger  than  in  any  other  type 


Fir'.  7. 

of  turbine.  Blade  stripping  is  unknown,  due  to  the  mecha- 
nical construction  of  the  rings,  the  blades  being  firmly  held 


at  both  ends. 

Some  Steam  Trials  of  Ljungstrdm  Turho-Alfernafors. 


Date  of  Test. 

2 
二 

■  f 

Trial  Output  in  kw. 

1   Steam  per  kw.- 
j   hour.  Lbs. 

Steam  rev  b.h.p.- 
liour.  Lbs. 

Pressui'e  on  Turbine 
Inlet  (absolute). 
Lbs.  per  sq.  in. 

tUUUO'BA  1 

with  ideal  engine. 
Per  cent. 

Dec,  19]!.... 

1,000 

1,000-5 

11-6 

8-3 

168 

302 

90 

70 

Jul\%  11114.. 

1， 瞧 

990 

12-7 

9-0 

160 

150 

94 

77 

Oct.,  191.-)  

•2,(UM) 

111 

7-9 

170 

270 

07 

79 

Jan.,  11)10  

:i，U(M) 

2,700 

1M5 

80 

160 

280 

88 

87 

Attention  is  called  to  the  remarkably  good  results  shown 
by  the  3,000  kw.  turbine  at  90  per  cent,  full  load.  Reduced 
to  marine  conditions  of  2201bs.  boiler-<(auge  pressure  per 
square  inch,  vacuum  95  per  cent.,  and  240"  Fall,  superheat  on 
the  inlet  valve,  the  steam  consumption  of  the  turbine  would 
be  7"251bs.  per  })rake  horse-power,  or  81bs.  per  shaft  horse- 
power per  hour,  including  generator  ami  motor  losses,  but 
exduding  condensing  and  propelHii",  auxiliaries  With 
electrically-driven  auxiliaries,  and  including  excess  steam 
tapped  from  the  turbine  at  30Ibs.  pressure  for  feed  heating 
purposes,  this  would  represent  a  total  propelling  steam  con- 
sumption of  91bs.  per  shaft  horse-power  per  hour,  equivalent 
with  coal  of  14,000  B.T.U  s.  and  an  actual  evaporation  of 
lOlbs.  of  steam  per  pound  of  coal  with  210。  Fah.  feed  tempe- 
rature to  fjylb.  of  coal  per  shaft  horse-power. 

It  might  be  said  that  trial  conditions  of  consumptions  may 


not  be  maintained  in  practice,  due  to  possible  wear  of  the 
labyrinthic  edges  which  vary  from  '004in.  to  "Olin.  in  the 
different  radii  of  the  blade  rings.  It  has  been  found,  how- 
ever, that  there  is  no  perceptible  increase  in  consumption. 
Recent  trials  carried  out  with  the  1,000  kw.  set  installed  in 
1913,  at  the  North  Metropolitan  Power  Station,  Willesdeii, 
show  no  increase  in  the  original  consumptions  after  a  period  of 
two  years'  continuous  operation  for  18  hours  a  day. 

It  is  not  unnatural  that  the  principle  of  electrical  marine 
propulsion  should  be  criticised  on  the  ground  of  converting 
meclianical  energy  into  electrical  energy  at  a  loss  of  about 
5  per  cent.,  then  reconverting  such  electrical  energy  into 
mechanical  energy  at  an  additional  loss  of  5  per  cent.  It 
will,  however,  be  agreed  that  it  is  the  net  result  which  has  to 
be  considered.  As  reversing  is  effected  on  the  motors,  an 
aslern  turbine  is  dispensed  with.  The  prime  mover  runs 
under  the  best  possible  thermal  conditions,  which  include  as 
high  a  superlieat  as  can  be  coniTnercially  obtained  without 
unduly  sacrificing  the  efficiency  of  the  boilers.  The  gain  in 
thermal  efficiency  due  to  such  increased  temperature  eliminates 
the  electrical  conversion  losses.  Further,  the  Ljungstrom 
electrical  method  of  propulsion,  in  conjunction  with  mecha- 
nically-geared motors,  is  a  system  which  embodies  the  maxi- 
mum degree  of  reduction  between  prime  mover  and  propeller 
shaft,  whilst  the  total  weight  of  engine-room  machinery  is 
lower  in  the  smaller  powers  and  not  greater,  even  in  the  larger- 
powered  merchant  ships,  than  any  form  of  mechanical  reduc- 
tion with  the  ordinary  impulse  or  impulse-reaction  turbine. 
The  reduction  in  weight  of  boiler-room  machinery  is  obviously 
in  direct  proportion  to  the  steam  consumption  of  the  pro- 
pelling plant. 

Reference  is  made  to  merchant  ships  in  this  category  as  in 
the  case  of  tor]iedo-boat  destroyers,  or  express  Channel 
steamers,  where  the  propeller  speed  is  relatively  high  and  the 
total  shaft  horse-power  relatively  large  in  comparison  with  the 
displacement  of  the  vessel,  mechanical  or  hydraulic  reduction 
ill  some  form  or  other  still  offers  advantages  over  any  system 
of  electrical  propulsion.  As  tlie  field,  however,  which  can  be 
profitably  covered  by  electrical  propulsion  ranges  from 
inerchant  ships  as  small  as  the  "  Mjolner  "  to  as  large  as  the 
" Mauretania,"  it  is  obvious  that  there  is  a  sufficient  scope 
for  the  svsteni  under  review. 

Further,  in  the  case  of  battle-ships  or  battle-cruisers  of 
sufficiently  large  power,  turho-electric  propulsion  has  many 
advantages,  given  a  prime  mover  of  the  efficiency  of  the 
Liung^strom  turbine.  The  generating  plant  can  be  effectively 
subdivided  into  four  units,  which  ensures  military  efficiency. 
Economy  in  cruising  is  obtained  bv  varying  the  number  of 
poles  on  the  propelling  motors,  tlie  current  being  supplied 
from  one  of  the  o^enerating"  sets. 

It  is  desirable  to  have  at  least  two  independent  turbo- 
generators of  equal  power  for  each  marine  installation.  Not 
only  is  this  advisable  in  respect  to  the  factor  of  safety  through 
such  duplications,  but  also  in  regard  to  the  economv  to  be 
derived  therefrom  when  running  at  reduced  speeds.  There  is 
no  necessity,  however,  in  any  class  of  merchant  ship  to 
increase  the  weight  and  expense  of  the  motors  by  pole- 
chan^in^  devices.  To  run  at  half-speed  or  about  one-ninth 
power  one  of  the  two  generator  sets  would  run  at  half-speed, 
absorbing  about  25  per  cent,  of  its  normal  full  power. 
Between  three-quarters  and  full  speed,  both  sets  are  run  in 
parallel  at  speeds  corresponding  to  these  two  reoxnrenients, 
consequently  the  turbines  run  under  at  least  as  efficient  con- 
ditions, and  with  the  same  elasticity,  as  in  the  case  of  ordinary 
geared  turl)iiies  where  the  regulation  is  effected  on  the  throttle 
or  nozzles  of  the  turbine.  The  reversing  switch  and  its 
resistances  need  onlv  be  used  when  niaiioeuvrincr  astern,  the 
whole  of  the  re^julatloii  froni  dead  slow  to  full  speed  and  vice 
versa  can  be  effected  on  the  tu rbine.  The  motor  speed  falls  in 
direct  proportion  to  the  reduction  of  speed  on  the  prime 
mover. 

Tt  may  he  of  interest  to  know  that  21  ships  of  an  ae:grep"ate 
shaft  liorse-power  of  32,000  ai'p  at  present  under  construction 
nil  the  Ljuiiestrom  turbo-electrical  svstf^m  for  British,  Kiipsiaii, 
,Tar)fuiPse，  Swedish,  Norwee^ian.  and  Danish  owners.  These 
v«rv  from  ocean-e^oine^  vessels  of  -^.^00  s  h  p.  to  river  steamers 
of  5^0  s.li.T).  Thev  include  one  H^ht-drauf^lif  naddle  steampr 
of  1 ,500  s.h.p.,  tlie  nower  }3eiiie  traiismittecl  from  tlie  turbo- 
； il  tern  a  tor  to  two  electric  motors  run  ninor  at  450  revs,  p^r 
niimiie.  Each  irearino-  by  single  rednrtion  to  the  corresnond- 
iiif]^  |)?iddle- wheel  shaft  runs  at  from  35  to  40  revs,  per  minute. 
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According  to  the  rules  of  l  lic  Metal  】':xx:l"inge，  tin 

is  inei'cliuntuble  as  stuiulHid  liw  otily  when  t  ho.  warruiil  is 
accoinpanied  by  analysis  ceriil'yiug  that  ih('  rm't;il  (contains 
oiilier  99  or  99*75  per  cent,,  of  pure  tin,  accordio^r  to  wlu^lher 
！ Ji(、  qualit.y  is  that  of  common  tin  or  rofn led  tin,  and  also  lliat 
il  is  of  the  correct,  physical  comlit'io". 

Straits,  Australian,  Kn^Wisli  Rerm。（l，  Ha.nk;i  and  liiliitoti 
rail  within  the  highest  class,  namely,  ！ -efiiied  t  in.  Ttu;  ( JJiiiiose 
tins  are  off-grade,  carrying  consideral)lo  l('  "1，  and  the  Cerrnaii 
tins  resulting  from  the  siiieliing  of  Bolivian  concentrates  are 
very  foul.  OfY-grade  tins  are  sold  on  t,he  basis  of  a  sliding 
scale  for  tin  contents.  The  worst  of  them  will  run  over  90  per 
cent,  tin,  while  the  high-gi'a(】e  tins  will  nui  99  8  ")  per 
cent.  The  only  tests  required  for  good  nierclia!ilal)le  tin  aside 
from  it's  origin  are  that  it-  shall  run  at-  least  99*75  per  cent,, 
tin  and  thai  a  bar  when  nicked  and  benj,  double  shall  not 
crack. 

The  consumer  has  generally  met  the  situation  in  which  he 
fimls  himself  by  buying  a  first-class  brand,  analysing  it  when 
he  gets  it,  and  then  sorting  the  lots  by  analysis  for  certain 
uses.  It  is  of  doubtful  value  to  give  here  a  long  list  of 
analyses  of  different  brands,  but  a  roue^h  idea  of  the  various 
grades  given  in  Table  I.  will  illustrate  the  situation. 


Table  I. — A  //f/Jj/ses  of  Diffei^ent  Brands  of  Tut. 
All  Values  in  Per  Cent. 


Elements. 

Electro- 
lytic* 

Straits. 
Banka. 
Billiton. 

Australian 

1  English 
Common. 

German. 

Chinese. 

Bolivian. 

Tin  

99 -80-99 -95 

99 -80-99 -95 

99 -75-99 -90 

99-20 

99-90 

99  + 

95-99 

93-0 

AiitiiiHiny 

0-02 

0-04 

0-25 

0-04 

0-05 

0-02-0 -40 

4,0 

Ai  srriic  

0-04 

0-06 

0-00 

0-05 

0-06 

0-2 

r'iMmilli  ... 

none 

0-003 

0-06 

0-001 

O'Ol 

0-1 

1  roil   

0-01 

0-04 

0-08 

0-015 

0-09 

0-5 

Lead     . .. 

0-03 
0-02 

0-03 
0-04 

0-004 
0-36 

0-002 
O'Ol 

0-14 

0-15 
0*3-4-0 

0-02 
2-7 

Zino   

0-03 

none 

0-006 

0-01 

― 

none 

0-03 

Representative  analyses  of  the  new  i  lectiolytic  tin  are  not  available  at  this  writing. 


The  princi]):il  rses  of  tin,  aside  from  tin  salts  and  pigments, 
are  as  metal  in  ])i|)e,  fusible  boiler  plugs,  &c. ;  as  a  coating,  as 
in  till  plate,  tinned  wire,  tin-lead  foil,  &c.  ；  and  in  an  alloy,  as 
ill  bronze,  babbitt,  solder,  britaiinia  metal,  type  metal,  fusible 
alloys,  &c.  The  bronzes  are  alloys  with  copper  and  zinc  ； 
babbitt  metal  with  antimony  and  copper  ；  solder  with  lead  and 
a  little  antimony  ；  britannia  metal  with  antimony  ；  fusible 
alloys  with  lead,  bismuth,  and  cadmium. 

The  impurities  in  tin  may  cause  trouble  by  poisoning,  as 
in  the  case  of  pipe  and  tin  cans  ；  by  impairing  fluidity,  causing 
an  excessive  consumption  of  tin  used  for  coating,  or  making 
solder  hard  to  apply  ；  by  fouling  an  alloy  and  spoiling  its 
appearance  ；  by  impairing  the  ductility  of  alloys  which  have 
to  be  worked,  such  as  bronze  or  britannia  metal  ；  by  causing 
local  galvanic  action  and  possibly  tin  pest,  and  by  affecting 
the  melting  point  of  fusible  alloys. 

Ill  a  o-eneral  way  tlie  purest  obtainable  tin  is  desired  for 
pipe  and  boiler  plugs.  The  United  States  Bureau  of  Stan- 
dards has  found  that  zinc,  generally  introduced  by  a  foul  pot 
when  remeltine  tin,  causes  serious  deterioration  in  boiler  plugs 
and  recomniencls,  as  nearly  as  possible,  absolute  freedom  from 
zinc  and  lead. 

One  of  the  tinplate  manufacturers  states  that  lead  makes 
a  mottled  finish,  iron  causes  rough  surface  and  impairs  fluidity, 
and  arsenic  and  zinc  tend  to  form  poisonous  salts.  They 
suggest  maximum  allowable  percentages  as  follows  : ― 


Per  cent. 

Lead    O'CM 

Copper    0'02 

Iron   0'05 

Arsenic    0'05 

Antimony    0*02 

Zinc    005 

One  of  the  manufacturers  of  wrought  bronze  gives  the 
following  maximum  allowable  percentages  ： —— 

Per  cent. 

Antimony   0*01 

Eip ninth    0-001 

Lead    0'05 

Iron    0'05 


-  115,000 

The  Straits  tin  comes  from  Peiiaiig,  Singapore,  and 
Malacca,  the  two  latter  being  towns  on  the  Malay  peninsula 
and  the  former  an  island  off  the  West  Coast.  Baiika  and 
Billiton  are  islands  in  the  Dutch  East  Indies.  The  metallurgy 
of  tin  is  very  simple  in  the  case  of  the  pure  deposits  The 
ores,  which  run  but  a  few  tenths  of  a  per  cent,  in  tin,  are 
readily  concentrated  by  ordinary  wet  methods  to  a  60  to 
70  per  cent,  product,  on  account  of  the  high  specific  gravity  of 
cassiterite.  The  concentrate  is  smelted  in  a  reverberatory 
furnace  with  coal  as  a  reducing  agent  and  the  fluxes  necessary 
to  slag  the  remaining  gangue.  The  resulting  crude  tin  is  then 
refined  by  liquating  and  drossing.  As  stannic  oxide  is  difficult 
to  reduce,  the  various  impurities  present'  are  also  reduced  and 
largely  collected  in  the  crude  tin  from  which  they  can  be  but 
imperfectly  removed  by  liquation.  The  result  is  that  the 
purity  of  .the  final  product  depends  largely  upon  that  of  the 
original  tin  stone,  certain  deposits  have  come  to  have  a 
reputation  as  producers  of  high-grade  tin.  At  this  writing 
electrolyiically  refined  tin  is  just  begiiniing  to  appear  on  the 
market  in  quantity  from  the  treatment  of  foul  bullion  pro- 
duced in  the  usual  way  from  Bolivian  concentrates.  Elec- 
trolysis, of  course,  should  obliterate  the  past  history  of  the 
crude  tin. 

It  has  been  the  fixed  policy  of  the  Dutch  and  English 
colonies  to  smelt  the  tin  concentrates  at  the  point  of  produc- 
tion, export  duties  having  been  imposed  on  tin  ores.  Prior  to 
the  war,  the  Bolivian  concentrates  were  sent  to  England  and 
Germany,  where  they  were  worked  into  a  low-grade  tin.  They 
are  now  coming  chiefly  to  the  United  States,  and  the  crude 
tin  obtained  therefrom  electrolytically  refined  as  stated.  Up 
to  this  time  it  has  been  impossible  to  buy  the  desirable  Straits 
and  Banka  products  which  make  up  the  bulk  of  the  high-grade 
output  except  upon  reputation  l)y  brands,  and  the  sales  in 
America  have  been  handled  by  brokers  who  are  practically 
subject  to  the  dictation  of  the  Dutch-English  ring  controlling 
those  brands,  in  spite  of  the  fact  that  America  consumes 
45,000  tons  a  year,  or  over  a  third  of  the  world's  production. 
The  recent  importation  of  Bolivian  concentrates  and  their 
local  treatment,  it  is  to  be  hoped,  will  alter  this  situation. 

*  Presented  at  the  annual  meeting  of  tho  American  Society  for  Testing 
Materials,  June.  1916. 


THE  COMPOSITION  AND  USES  OF  TIN.:': 

IIV   L.  Amm'KS  AND  W.  A.  COWAN. 

A  sriiCiFiCATioN  to  1)0  generally  ； i(l()|>"'(l  must  reasonal)ly 
reconcile  the  inliertMit  ly  did'erent  points  of  view  of  im)dm'(、r 
and  consumer.  This  requires  a  classification  of  t'lie  material 
which  will  allow  the  producer  to  market  everything  produced 
and  the  consumer  to  choose  the  grade  suitable  For  liis  particu- 
lar  work,  paying  accordingly.  It  is  obviously  necessary  to 
understand  the  situation  from  both  sides  when  a  specification 
is  to  be  drawn  up,  and  this  providing  of  a  common  ground  is 
one  of  tlif>  chief  functions  of  this  society.  In  the  case  of  tin 
t  his  mutual  lUKieistaiiding  is  wholly  lacking  at  the  present 
lime,  due  chiefly  to  the  great  geographical  distance  between 
the  points  of  production  and  coiisiunption  and  the  specailative 
basis  on  which  tin  is  handled  by  a  broker  as  a  middleman. 

Practically  speaking,  there  is  but  one  ore  of  tin,  cassiterite, 
which  in  some  cases  is  almost  pure  stannic  oxide.  It  occurs  as 
vein  tin  in  mineral  lodes  and  as  stream  tin  in  alluvial  deposits. 
Vein  tin  generally  is  associated  with  other  minerals,  while 
stream  tin  is  much  purer.  Tin  is  found  in  paying  quantities 
in  very  few  places.  The  relative  importance  of  the  sources 
may  be  judged  by  their  approximate  outputs,  stated  herewith 
ill  long  tons  of  metallic  tin  per  annum  : —— 

Straits   

Bolivia   

Banka  and  Billiton   

Cornwall   

Australia   

China  

South  Africa   

Miscellaneous   


S  o  o-  o  o  o-  o  o-  o 

o，  。，  o，  o，  o，  o，  5，  5, 

^te  o，  o，  7)  5，  4，  4，  2，  2, 


162 


THE   MECHANICAL  ENGINEER. 


[September  1，  1916 


MALLEABLE  AND  CAST  STEEL* 

BY  ANDK^-W  HA  HLEY. 

Bkoadly  speaking,  the  subject  in  which  we  are  interested  is 
the  production  of  light  castings  in  malleable  iron  and  mild 
steel.  My  experience  in  recent  years  lias  been  in  the  produc- 
tion of  caslini^s  for  the  motor  and  cycle  trade,  and  wliat  I 
have  to  say  naturally  applies  more  particularly  to  this  class  of 
work.  Such  as  it  is,  the  field  is  a  vast  one,  and  it  is  obviously 
impossible  in  the  time  at  my  disposal  to  cover  the  ground  even 
ill  the  most  general  maimer.  I  therefore  propose  to  nieiition 
a  few  general  considerations,  to  deal  with  the  production  of 
molten  】net,al，  and  to  discuss  a  series  of  tests  which  I  have 
made  on  cast  malleable  and  cast  steel.  Ainoiig  foundrymen 
sharp  differences  of  opinion  exist  concerning  the  best  methods 
of  production,  and  among  both  foundrymen  and  engineers 
there  is  considerable  diversity  of  opinion  as  to  the  relative 
merits  of  the  two  metals  as  applied  to  various  purposes.  "With 
regard  to  tlie  fcrnier,  these  differences  of  opinion  occur  at 
every  stage  of  production.  One  man  puts  his  faith  in  certain 
brands  of  iron,  while  another  may  not  worry  abou t  the  par- 
ticular brand  if  the  analysis  is  according  to  his  liking.  One 
man  will  say  that  good  malleable  cannot  be  made  with 
cupola  metal,  another  will  affirm  that  he  is  doing  it.  On  the 
moulding  floor  one  man  favours  the  use  of  chills,  another 
places  a  feeder  wherever  he  thinks  it  necessary,  and  sometimes 
where  it  is  not.  In  regard  to  annealing  malleable,  no  two 
men  think  alike.  One  man  will  swear  by  round  ovens,  another 
will  swear  at  them.  One  man  believes  in  soaking,  another 
will  ask  how  it  is  possible  under  the  present  restrictions. 

The  cost,  or  rather  selling  price,  has  a  good  deal  to  do  with 
the  question  of  quality.  The  cult  of  cheapness  can  be  carried 
too  far.  The  malleable  trade  particularly  has  suffered  from 
this.  The  cutting  of  prices  has  not  always  been  accompanied 
by  a  reduction  in  cost  due  to  improved  methods  of  production. 
More  often  the  reduction  in  cost  has  "been  accomplished  by 
the  use  of  inferior  material.  The  buyer  is  not  free  from 
blame,  however.  With  too  many,  orders  are  placed  at  the 
lowest  price,  irrespective  of  quality.  They  have  acted  on  the 
principle  that  "  malleable  iron  is  】nallea"ble  iron  all  the  world 
over/'    People  sometimes,  get  what  they  pay  for. 

We  must  constantly  strive  to  cheapen  production,  Init  we 
must  also  strive  to  improve  the  quality  of  the  product.  The 
processes  involved  imist,  be  carefully  studied,  and  this  can  only 
he  done  by  tlie  use  of  scientific  equipment,  handled  by  men 
with  some  scientific  training.  Much  unnecessary  waste  would 
be  avoided,  provided  the  management  is  com peteiit  to  apply 
the  scientific  information  in  a  practical  manner. 

There  is  another  factor  influencing  foundry  costs,  and  that 
is  the  influence  of  design.  In  fact,  the  design  not  only  influ- 
ences cost,  but  very  often  the  quality  of  the  casting.  The 
foundrvman  should  be  consulted  in  this  matter,  and  in  an 
efficiently  managed  concern  this  is  done,  and  any  alterations, 
suggested  are  made  where  possible.  Even  when  the  best  lias 
been  done  with  a  design,  in  most  cases  there  will  still  be  plenty 
to  engage  tlie  foundryman's  skill. 

With  regard  to  the  relative  cost  of  malleable  and  steel  cast- 
ings it  is  difficult  to  give  a  definite  answer.  For  very  lie^ht 
work,  sav  under  ^in.  section,  it  tells  against  steel  ；  over  this 
section  it  favour.^  steel .  Tliis  is  necessarily  a  rough  generalisa- 
tion, as  ohyiously  nnu-h  depends  on  the  size  and  shape  of  the 
casting.  The  actual  foundry  cost  is  not  tlie  only  point  to  take 
into  consideration.  At  present  ^jr eater  niachiiiing  allowances 
are  required  for  steel.  On  the  other  hand,  the  greater 
strength  of  steel  allows  a  relatively  lighter  casting  to  be  used. 

For  certain  classes  of  work,  such  as  cycle  parts,. a  fine  skin 
is  absolutely  essential,  as  the  majority  of  such  parts  have  not 
only  a  very  small  machining  allowance,  but  subsequently  have 
to  be  enamelled  or  plated,  whereby  any  irre^^ularity  on  the 
surface  would  l)e  iiiiensified.  Malleable,  therefore,  is  in 
favour  for  such  work,  hut  progress  is  l)ei"£j;  made  wit li  steel 
in  this  respect. 

Broadiv  speakin'jf,  tlie  particular  melt in^  method  adopted 
is  governed  hv  the  class  of  work  and  the  output  to  be  h  an  died. 
Certain  prime  essentials  are  necessary  in  every  furnace  melt 广 
ing  any  metal  on  a  commercial  scale.      All  foundrymen  are 

*  Aljstrfict  of  an  adrlrofls  rlelivered  before  the  Birmingham  branch  of  tho 
Bi itifih  Foundrymen 's  Association. 


acutely  aware  of  what  these  essentials  are.  The  metal  must 
be  of  ample  fluidity,  correct  and  regular  composition,  and  pro- 
duced at  a  reasonable  cost. 

Dealing  with  malleable  first',  the  three  principal  types  of 
fui'jiaces  in  use  are  the  crucible,  reverberatory  or  air  furnace, 
and  the  cupola.  The  air  furnace  is  used  chiefly  in  the  pro- 
chiction  of  black  heart  malleable,  with  which  we  are  not  much 
concerned.  In  the  production  of  Reaumur  malleable,  the 
cupola  and  crucible  furnace  are  almost  universally  used. 
Where  the  output  justifies  it，  the  cupola  should  have  pre- 
ference. The  crucible  furnace  usually  is  credited  with  giving 
better  quality  metal  than  the  cupola.  This  may  be  so, 
although  it  is  not  altogether  obvious  why  it  should  be  so. 

It  may  be  due  to  tlie  fact  that  the  percentages  of  carbon 
and  silicon  are  not  subject  to  so  much  alteration  in  the  process 
of  melting.  On  the  other  hand,  it  has  always  seemed  to  me 
that  variations  in  the  iron,  as  delivered,  were  more  likely  to 
be  perpetuated  in  the  molten  state  when  melted  in  the  crucible 
furnace.  The  cupola  can  be  operated  more  economically,  the 
metal  can  be  obtained  in  a  higher  state  of  fluidity,  and  I  am 
convinced  that  by  taking  certain  precautions,  metal  can  be 
<)!)(  aiiied  which  is  much  more  regular  in  composition. 

In  the  production  of  malleable,  a  uniform  composition  in 
the  hard  state  is  of  the  utmost  importance.  Irregularities  in 
the  hard  metal  lead  to  most  of  the  difficulties  in  annealing.  I 
do  not  advocate  any  particular  analysis  as  being  right  and  all 
tiie  others  wrong.  What  I  want  to  emphasize  is,  that,  having 
decided  on  what  is  the  most  suitable  composition  for  your  class 
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of  work,  the  furnace  should  give  (within  reusonahle  limits) 
molten  metal  of  that  coiiipositioii  throughout  the  melt.  Any 
change  in  the  metal  must  be  intentional  and  known  so  that 
the  castings  subsequently  can  be  graded  and  given  the  anneal- 
ing; treatment,  most  suitable  to  their  composition. 

Ill  the  followiitg  I  will  describe  as  briefly  as  possible  the 
means  which  I  have  found  it  necessary  to  adopt  fco  obtain  this 
control.  For  the  sake  of  brevity  I  must  make  certain  assump- 
tions. I  niuet  assume  the  existence  of  a  laboratory  or  facili- 
ties for  obtaining"  analyses.  I  also  assume  that  the  furnace  is 
fairly  correct  in  its  proportions  and  that  there  is  uniform 
supply  of  air  at  the  correct  pressure.  In  other  words  I  am 
ccnfiniiig  myself  altogether  to  the  raw  material  which  goes 
into  the  furnace.  The  pig  iron  must  be  bought  to  specification 
and  should  be  adequately  checked.  We  have  found  it  advan- 
tageous to  give  each  separate  consignment  a  reference  niirnber. 
This  number  is  not  only  attached  to  the  heap  of  pig  iron  in 
the  yard,  but  is  used  in  all  subsequent  records.  A  separate 
stock  card  is  filled  out  for  each  consignment .  This  card  shows 
the  analysis  and  also  the  usage. 

Scrap  rriust.  be  graded  according  to  analysis,  the  silicon  con- 
tent being  STiflicieiit,  as  a  rule.  The  grading  of  scrap  is  rather 
important,  although  it  might  be  inferred  that  if  the  】iiolten 
iron  is  regular  in  corn  position,  the  scrap  will  be  so  also.  If 
the  scrap  is  melted  daily,  however,  the  composition  of  the 
metal  will  change,  due  to  the  fact  that  a  certain  portion  of  the 
metal  is.  of  necessity,  melted  over  and  over  again.  If  one 
could  be  sure  thai  the  whole  of  the  previous  day's  "  git  and 
runner  "  metal  was  obliging  enough  to  make  its  way  into  the 
next  day's  castings,  then  everything  would  be  all  right.  As 
it  is,  to  keep  perfectly  straight,  small  daily  adjustments  would 
be  necessary  in  the  pig  used.  To  avoid  this,  the  scrap  from 
one  mix  is  accumulated  so  long  as  that  particular  mix  is  in 
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use.  If  the  silicon  has  been  kept  fairly  regular,  this  lioap  of 
scrap  can  he  incorporated  in  t he  mix  at  a  sul)se(|ueiit  (lat<\ 
with  the  comfort ai)le  feeling  that  you  know  what  you  are 
using.  It'  (he  silicon  content  has  altered  radically  t hrougli 
some  unforeseen  cause,  this  is  quickly  known  by  the  daily 
analysis  of  the  cast  metal,  and  both  castings  and  scrap,  wit  h 
this  altered  silicon,  are  separated  from  the  normal  metal. 

Coke  of  the  best  quality  must  be  used.  The  sulphur  par- 
ticularly should  be  as  low  as  possible.  Ordinary  malleable  pig 
irons  usually  contain  a  pretty  high  percentage  of  this  element, 
and  it  is  undesirable  to  increase  this  by  any  appreciable 
amount.  The  coke  also  should  be  iniifonn  physically.  The 
coke  we  are  using  at  present  shows  the  following  average  com- 
position : Fixed  carbon,  93  65  per  cent.  ；  ash,  5  65  per  cent. ； 
and  sulphur,  0  70  per  cent. 

Definite  knowledge  must'  be  acquired  with  regard  to  the 
inevitable  changes  that  take  place  in  the  composition  of  the 
metal  during  the  melting  process.  These  changes  must  be 
allowed  for.  The  elements  affected  are  carbon,  silicon,  and 
sulphur.  The  amounts  of  these  elements  present  and  also  the 
relative  proportions,  largely  determine  the  annealing  treat- 
ment required.  We  have  found  that  these  losses  and  gains 
vary  throughout  a  heat.  With  silicon,  for  instance,  the  loss 
in  our  practice  at  the  beginning  would  be  0'23  per  cent.  This 
would  diminish  fairly  regularly  until  014  per  cent,  only  was 
recorded.  Then,  just  at  the  end,  we  got  a  sudden  jump  back 
to  0  21  per  cent.  Sulphur  acts  in  much  the  same  way.  At 
the  beginning  we  had  an  increase  of  0  07  per  cent.,  but  toward 
tlie  end  this  was  reduced  to  0  003  per  cent. 

The  importance  of  good,  hot  metal  of  suitable  and  regular 
composition  cannot  be  over-emphasized.  This  applies  to  all 
metals,  but  particularly  to  malleable  iron  and  cast  steel,  and 
expenditure  to  secure  this  is  amply  justified.  It  is  the 
foundation  on  which  a  good  casting  is  made  possible.  Neglect 
or  carelessness  in  tliis  direction  renders  all  subsequent  care  and 
skill  useless.  Many  of  the  troubles  that  are  usually  assigned 
to  the  defects  in  moulding  and  coremaking  really  originate  in 
defective  melting.  In  casting  malleable,  for  instance,  sears, 
cracks,  draws,  and  blow-holes  may  be  avoided  to  a  consider- 
able extent,  but  over  and  above  all  this,  the  successful  anneal- 
ing of  malleable  is  only  rendered  possible  by  the  metal  being 
of  suitable  and  regular  composition. 

The  annealing  of  malleable  requires  a  good  deal  of  skill 
and  experience,  even  when  the  hard  metal  is  everything  that 
it  should  be.  There  is  no  royal  road  lo  success  in  this  process. 
Each  man  must  work  out  his  own  salvation.  The  knowledge 
we  acquire  from  others  no  doubt  is  useful,  but  the  knowledge 
obtained  from  hard  experience  is  the  best.  The  followiiio^ 
observations  on  annealing  are  not  advanced,  therefore,  as 
infallible  dicta.  They  are,  however,  the  result  of  practical 
experience  and  may  be  helpful  to  some  who  are  engaged  in 
this  most  difficult  business.  If  I  tried  to  sum  up  my  views  in 
one  sentence  on  the  metallurgical  process  of  annealing,  the 
sentence  would  run  somewhat  as  follows  ：  "  Any  process  in 
which  equilibrium  is  established  and  maintained  between  the 
breakdown  of  the  cementite  and  the  diffusion  of  the  carbon 
towards  the  exterior  is  likely  to  give  satisfactory  results." 

The  precipitation  of  carbon  is  governed  more  by  composi- 
tion than  anything  else.  Take  the  influence  of  silicon,  for 
example.  With  low  silicon  metal  of  say  0'3  per  cent.,  pre- 
cipitation is  retarded.  With  a  hi^h  silicon  metal,  on  the 
other  hand,  precipitation  may  take  place  too  soon,  or  in  other 
words,  at  too  low  a  temperature.  Very  little  carbon  would 
be  removed  and  a  kind  of  black  heart  would  be  produced. 

As  Hatfield  has  pointed  out,  there  are  two  phases  of  this 
annealinc^  process  ：  first,  elimination  of  carbon  ；  second,  soften- 
ing of  the  interior  by  preciT)itatioii  of  the  annealing  carbon. 
Each  pliase  must  be  accomplished  at  the  proper  time  by  estal> 
lishing  equilibrium.  Tlie  treatnieiit  necessary  to  obtain  this 
equilibrium  will  vary  with  the  composition.  The  most  favour- 
able period  for  the  removal  of  carbon  is  the  one  just  preceding 
actual  precipitation.  Where  the  composition  of  the  iron  is 
such  that  precipitation  may  take  place  at  a  low  temperature, 
equilibrium  must  be  established  between  the  rein  ova]  of  the 
carbon  and  the  return  of  tlie  annealing  carbon  into  solution. 

The  influence  of  silicon  and  sulphur  should  be  considered 
toorether  inasmuch  as  silicon  favours  precipitation  of  carbon 
and  sulphur  retards  it.  It  follows  that  the  primary  effect  of 
either  is  "lodified  by  the  relative  amounts  present.      Tii  fact, 


llie  influeiico  of  t  lioso  roust  it  ufiiits  rnust  ho  so  ro^^uluted  as  to 
()l)t  Jiin  ll"'  l)alaiice  alrojuly  mentioned  hot  weon  i  ho  rate  of 
(lilVusion  and  t  he  breakdown  of  llie  cernentjle.  To  ilhist  r«'it  e 
t his  point,  a  low  silicon  metal  of  say  (V3  j)ei'  cent-,  which  irf 
quite  aimeahihle  with  0  25  per  cent',  of  sulphur,  is  almost  un- 
aiuieiilal)le  with  0、「）  per  cent,  of  sulphur.  On  the  othfu*  hand, 
a  higher  silicon  of  say  0"75  per  cent,  will  give  very  iiidifTerent 
results  with  low  sul])hui',  the  best  results  being  obtained  wlu'u 
associated  with  0'45  per  cent.  These  statements  may  not 
I'old  good  where  manganese  is  present  to  any  extent. 

Ill  most  Reaumur  metal  the  percentage  of  manganese  is 
very  low,  as  it  ought  to  be.  lu  black  heart  you  will  often 
find  from  0.4  to  0*5  per  cent,  present.  In  1  lie  al)sence  of 
sulphur  this  no  doubt  serves  a  useful  purpose  in  retarding  pre- 
cipitation to  some  extent  and  enabling  some  carbon  to  be 
removed. 

Many  questions  are  always  asked  regarding  the  practical 
details  in  annealing.  Sometimes  these  questions  are  not, 
answered.  I  would  say  this,  however,  that  all  such  practical 
details  centre  in  the  problem  T  have  been  dealing  with.  The 
design  of  the  oven  naturally  should  give  as  even  a  distribution 
of  heat  as  possible.  There  is  no  oven  built  in  which  the 
heat  is  quite  evenly  distributed,  and  I  have  often  been 
thankful  for  this.  With  large  ovens,  there  is  generally  a 
considerable  variety  of  work,  with  varying  sections.  By 
exercising  discretion  in  arranging  the  castings  in  the  oven,  a 
variety  of  work  can  be  satisfactorily  dealt  with.  Variations 
ill  the  ore  strength  also  are  made  to  overcome  this  difficulty. 
Where  there  is  a  battery  of  smaller  sized  ovens,  the  castings 
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can  be  more  closely  graded  according  to  weight.  A  further 
advantage  is  that  with  such  a  battery,  extensive  delays  are 
avoided.  Ovens  are  at  all  stages  of  firing  and  unloading 
and  an  even  flow  in  deliveries  is  secured.  There  are  many 
advantages  about  such  an  arrangement,  bui  one  disadvantage 
is  the  somewhat  higher  cost  of  annealing. 

If  removal  of  carbon  is  too  rapid,  owing  to  excessive  tem- 
perature and  too  strong  ore,  then  the  complaint  known  as 
peeling  occurs.  If  the  temperature  is  too  low,  or  the  ore 
too  weak,  then  hardness  results.  With  a  medium  silicon 
iron  in  a  coal-fired  oven,  the  time  necessary  for  diffusion  is 
usually  obtained  by  damping  down  for  the  night  or  soaking 
as  it  is  called,  but  similar  treatment  in  a  large  gas-fired  oven 
of  say  10  tons  capacity  might  not  be  satisfactory  owing  to  tlie 
longer  time  such  an  oven  holds  its  heat.  In  fact,  removal 
of  carbon  may  be  taking  place  all  through  the  night.  In 
such  a  case  the  shutting  down  of  tlie  oven  for  24  hours  or 
so  ill  the  middle  of  the  fire  would  prove  advantageous.  If 
a  high  silicon  iron  is  used,  the  operation  may  be  affected  with 
a  total  fire  after  corning  up  to  a  heat  of  3i  days,  even  for  the 
thickest  section.  In  this  period  1  \  days  would  be  spent  in 
soaking  or  diffusing.  The  carbon  removed  is,  of  course,  not 
very  large,  but  for  many  purposes  the  malleable  is  quite 
satisfactory.  If  a  better  quality  of  iron  is  desired,  the 
addition  of  two  days  to  the  firing  time  will  produce  the  extra 
eliniination  of  carbon  which  is  necessary  to  give  the  superior 
quality  to  the  material. 

With  reference  to  soaking,  theoretically  a  continuous  fire 
is  no  doubt  quite  possible,  but  practically  we  consider  soaking 
advantageous.       If  the  elimination  of  carbon  is  proceeding 
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too  vigorously,  it  allows  equilibrium  to  be  established.  The 
size  and  shape  of  the  pans,  strength  of  ore  used,  the  tempera- 
ture and  time  taken,  all  have  to  be  adjusted  to  the  one  end, 
but  it  must  he  borne  in  nnnd  that  many  such  details  are  con- 
stantly changed,  ami  necessarily  so,  according  to  the  size, 
sliaj)e,  and  composition  of  the  castings. 

If  it  is  of  aiiv  interest,  I  may  mention  that  we  use  gas-fired 
round  ovens.  We  make  our  own  pans,  and  a  useful  thing 
to  remember  here  is  that  a  pan  should  be  made  of  metal 
which  resists  annealing.  In  regard  to  ore,  we  use  all  strengths 
ranging  from  all  black  to  3  to  1.  The  analysis  of  good 
amiealiug  ore  should  be  approximately  as  follows :  Ferric 
oxide  84  to  90  per  cent,  and  silica  8  to  13  per  cent.  Lime 
should  be  absent.  Ferrous  oxide  should  not  be  present,  and 
anything  more  tliaii  1  per  cent,  should  be  objected  to. 

In  the  production  of  molten  steel  of  low  carbon  content, 
we  are  up  against  a  much  stiffer  proposition  than  in  the  melt- 
ing of  either  malleable  iron  or  cast  iron.  It  is  only  in 
coinparaiivelv  recent  years  that  anything  like  success  has  been 
acliieved.  In  inakino;  this  statement  T  am  referring  to  mi  LI 
st  eel  capable  of  being  run  int  o  light  castings,  many  of  the  in 
intricate  in  design.  Further ir. ore,  the  mciilds  are  only  skin- 
dried,  as  a  rule. 

It  is  interesting  to  compare  the  melting  temperatures  of 
grey  and  malleable  iron  and  steel.  Ordinary  grey  cast  iron 
melts  at  about  1,150°  C. ;  malleable  iron  at  approximately 
1,250°  C.;  and  mild  steel,  about  1,570°  C.  The  pouring 
temperature,  of  course,  is  a  different  了 natter  entirely.  In  the 
process  I  am  about  to  describe  where  a  bulk  of  about  l，2001bs. 
of  molten  steel  has  to  be  cast  in  one  heat  and  into  a  large 
imniber  of  small  moulds,  the  temperature  of  the  metal  has  to 
be  verv  much  higher.  In  fact  this  must,  be  in  the  neighbour- 
hood of  1，S00°  C.  Ill  other  words,  we  require  a  margin  which 
must  be  higher  by  at  least  30Cr  C. 

The  general  types  of  steel  furnaces  in  use  are  the  crucible, 
converter,  open-hearth,  and  electric.  Each  of  these  four 
divisions  represents  wide  systems  in  which  there  are  many 
varieties.  The  process  of  melting  which  I  am  about  to 
describe  involves  the  use  of  a  converter  of  the  stock  type. 
The  Bessemer  converter,  of  course,  is  the  father  of  all  such 
types.  The  chief  modifications  are  that  the  pig  iron,  instead 
of  beiiii^  melted  in  a  cupola  is  melted  in  the  converter.  Also, 
instead  of  being  blown  from  the  bottom  as  in  tlie  Bessemer 
converter,  the  metal  is  sm'f ace-blown.  The  surface-blown 
method  also  is  used  in  the  Tropenas  furnace,  but  in  this  case 
the  pig  iron  is  melted  in  a  cupola,  as  in  the  Bessemer  process. 

S  ma  Incapacity  converters  have  been  tried  many  times,  but 
with  varving  success,  the  great  difficulty  being  to  obtain  a 
metal  of  sufficient  fluidity  to  cast  the  general  run  of  light  work 
in  an  automobile  foundry.  A  larger-capacity  vessel  would  no 
doubt  give  riumewhat  hotter  metal  at  the  moment  of  pouring, 
but  a  proportionately  larger  number  of  moulds  would  have  to 
be  poured,  and  before  the  finish  a  larger  proportion  of  the 
metal  could  not  be  oast  satisfactorily.  Wliere  castings  of  a 
cfjiisiderable  variety  in  weight  are  handled,  this  trouble  would 
be  obviated  to  some  extent  by  gradino;  the  work  on  the  floor. 

The  jncltiiiof  of  the  charge  in  the  vessel  by  means  of  an  oil 
burner  is  an  important  factor  in  obtaining  very  hot  steel. 
Before  this  operation  is  completed  tlie  lining  has  attained  a 
verv  hit^h  temperature,  thus  conserving  the  heat  created 
(luring  the  })low  proper.  Furthermore,  the  escaping  heat 
(luring  the  melt  is  used  to  heat  a  regenerative  chamber.  The 
air  is  passed  through  this  chamber  when  blowing  and  enters 
the  vessel  at  a  te!n]>eraiure  of  300°  C. 

What  1  have  said  about  care  in  the  selection  of  raw 
material  for  mallealjle  melting  applies  equally  to  steel.  In 
fact,  more  so,  because  I  doubt  very  ni  uch  whether  it  is  possible 
to  perform  this  jol)  properly  without  knowing  the  exact  coin- 
posit  ion  of  the  pig  iron  and  also  maldng  a  carbon  test  for  each 
melt.    That,  is  the  minimum. 

A  t  vT>irnl  analysis  of  pig  iron  to  be  used  for  con  version 
follows  ：  Total  car]>oii,  3' 88  per  cent.  ；  comhineti  ('； 】rl)oii， 
0'20  per  cent .  ；  j^rapliific  carbon,  3'68  per  cent.  ；  silicon, 
2 "5 3  per  cent.  ；  sulphur,  0'04  per  cent.  ；  pVmsphorus,  0'()4  per 
cent.  ；  and  manganese,  1*10  per  cent.  Consistently  ^rood 
results  have  })een  obtained  from  pig  iron  of  this  com positioTi, 
the  steel  pouring  hot  to  the  finish.  Slight,  variations  in  the 
silicon  and  rnatiganese  foiitent  are  allowablo.  Furthermore, 
silicon  should   not  drop  below  2*3  per  cent.,  or  manganese 


0.8  per  cent,  if  the  molten  steel  is  required  to  run  very  thin 
castings.  The  charge  takes  nlnrnt  two  hours  to  melt  and 
about,  20  minutes  to  l)low.  The  ])last  pressure  for  melting  is 
about  l:lll〕s.，  and  the  pressure  for  blowing  about  2Mbs.  at  first, 
afterwards  increasing  to  31bs. 

Assuming  that  the  blow  is  finished,  the  composition  of  the 
metal  should  be  approximately  as  follows  :  Carbon,  O'l  per 
cent.  ；  silicon,  trace  ；  manganese,  nil  ；  and  sulphur  and  phos- 
phorus, 0  04  per  cent.  The  metal  now  has  to  be  carburised 
and  deoxidised.  This  is  done  by  the  addition  of  the  mix.  The 
composition  after  the  additions  should  be  approximately  ： 
Carbon,  0'23  per  cent.  ；  silicon,  0.2  to  0.3  per  cent.  ；  manga- 
nese, 0*4  to  0"5  per  cent.  ；  sulphur  and  phosphorus,  0  04  per* 
cent.  The  mix  is  made  up  from  spiegel,  silicon-spiegel,  and 
pig  iron,  the  quantity  of  each  needed  being  calculated  to  bring 
the  composition  up  to  the  second  analysis  given. 

Taking  it  all  around,  the  difficulties  in  the  way  of  produc- 
ing mi  Id-steel  castings  are  great,  but  much  progress  has 
been  made  in  recent  years.  The  manufacture  of  malleable  is 
a  much  older  business,  but  the  progress  made  is  not  what  it 
should  be.  Malleable  iron  has  possibilities,  but  the  trade 
suffers  from  a  spirit  of  conservatism  and  secrecy.  Looking 
through  the  various  batches  of  malleable  received,  I  have 
come  to  the  conclusion  that  there  is  a  tendency  among  modern 
malleable  founders  to  use  a  higher  silicon  iron  than  was  used 
in  the  earlier  days.  This  may  be  due  to  the  difficulty  of 
obtaining  irons  with  low  sulphur.  I  do  not  think,  however, 
that  the  ideal  annealing  process  required  by  the  new  condi- 
tions has  been  obtained.  The  rapid  decomposition  of  cemen- 
tite  into  pearlite  and  graphite  is  not  enough  to  make  a  good 
malleable  casting,  and  an  effort  should  be  made  to  understand 
more  fully  the  "rmealing  treatment  required  for  metals  of 
varied  composition.  With  regard  to  steel,  it  cannot  be  denied 
that  we  have  here  a  material  much  superior  physically-  Not- 
withstanding its  terrible  propensity  for  blow-holes,  &c.，  and 
the  maiiv  problems  that  confront  the  founder  of  mild-steel 
castings,  I  am  convinced  that  great  developments  will  take 
place  in  this  industry  in  the  immecliate  future.  In  this 
development,  the  electric  furnace  will  play  an  important  part. 

In  the  accompanying  illustrations,  Fief.  1  is  a  graphic  repre- 
sentation of  the  shrinkage  of  malleable  iron.  Most  malleable 
founders  have  experienced  difficulties  from  cracking  and  other 
causes  as  a  result  of  variable  shrinkage.  It  will  be  noted  that, 
while  the  shriiikaoe  in  the  white  casting'  only  varies  slightly 
in  low  and  hi^^h  silicon,  the  annealing  produces  a  further 
slirinka^e  in  the  low  silicon  and  an  expansion  in  the  his^h 
silicon  iron.  The  two  lines  at  the  left,  Fig.  1，  indicate  the 
shrinkage  in  the  white  casting,  while  the  other  two  lines  repre- 
sent the  shrinkage  of  the  annealed  casting.  This  phenomenon 
is  of  the  utmost,  importance,  both  to  pattern-makers  and 
moulders,  and  further  indicates  the  necessity  of  a  tliorouerh 
knowledee  of  irons  in  use.  Time  only  permitted  the  four  test's 
indicated  in  Fi^. 〗 ， as  otherwise  a  few  tests  would  have  been 
made  between  silicon  limits  of  0*50  per  cent,  and  0*70  per 
cent.,  wliich  would  have  determined  the  neutral  zone  where 
no  further  shrinkage  or  expansion  takes  place  with  amiealinpf. 

Fig.  2  is  a  graph ic  representation  of  the  increase  in  hard- 
ness, measured  by  the  Brinell  inacliine,  of  steel  and  malleable 
iron  as  annealed,  and  the  same  material  quenched  in  water 
from  820a  C.  It  will  be  noted  that  in  the  first  seL  all  the 
samples  are  machinable,  and  that  while  they  vary  couskW- 
ably,  that  variation  is  much  smaller  than  shown  in  the 
quenched  state.  The  steels  vary  according  to  the  carbon  con- 
tent, but  no  heat  treatment  would  render  a  0*15  per  cent,  steel 
mmiachinable.  The  iimlleable  specimens,  however,  with  a 
few  exceptions,  are  quite  unniachiiiable  after  this  treatment. 
Since  certain  brazings  and  other  operations  approximate  this 
treatment,  it  is  of  value  to  know  which  type  of  malleable  is 
unsuitable  for  receiving  any  subsequent  heat  treatineiit. 

Referring  to  Fig.  2，  it  may  be  stated  definitely  that  any 
cast  malleable  of  hi^rh  silicon  content  in  winch  a  lare-e  amount 
of  carbon  is  left  in  the  graphitic  and  combined  form  is  inisuit- 
ahle.  Even  a  black  heart  inalleal)le  containing  no  combined 
carbon  is  hardened  considerably  after  quenching.  The  mosh 
suitable-  iron  for  this  purpose  is  a  low  silicon,  fairlv  hiq^h 
sulphur  metal,  in  which  the  annealing  is  accomplished  by  the 
heavy  I'fHiioval  of  carbon  and  in  which  there  is  a  noii-harden- 
in 2：  ferrite  edge,  as  shown  by  sample  No.  7.  Sample  No.  5 
indieates  that  even  with  liigh  siHcoii,  intelligent  aiuienlin^ 
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will  produce  this  noii-liardrniiii';  l'''n'iU'  alv^v  wliicli  is  ahsoul 
in  most.  o(  iUv  Kiunples  tesU'd. 

Aimraliiit;  llie  stoel  considerably  improves  its  quality,  In"' 
as  t  lio  quoslioii  of  cost  plays  ； i  lari^o  pari  in  t  he  plans  of  many 
steel  iuumlrvmoit,  1  do  not  lliiiik  1  hat  I  slioultl  suggest  tliat  all 
steel  castings  should  be  iuiiieiiled.  The  ([iiality  of  a  ^^ood  steel 
casting  is  so  good,  even  as  cast,  thai  due  consideration  niusi 
be  given  to  the  work  to  which  (a  casting  is  subjected  in  order 
that,  the  advantages  of  auiiealing  u\iiy  not  be  counterbalanced 
by  the  increased  cost  of  niciiuifacture.  Where  possible,  how- 
ever, a  short  annealing  treat  ment  to  release  casting  stresses  is 
almost  necesHHry.  A  muHIe  treatnient  of  from  two  to  six 
hours'  cluralion,  acc'ordiiit>-  to  size  and  section,  at  900°  to 
9G0^  C"  ami  cooling  slowly  in  sand  or  lime,  will  meet  this 
requirenieiif .  Tliis  treatment ,  however,  must  not  be  confused 
with  annealing,  as  no  great  alteration  to  the  physical  pro- 
perties must  be  expected  by  its  use.  The  main  value  of 
annealing,  of  course,  is  in  the  alteration  of  structure,  which 
))rocluces  the  change  in  physical  properties. 

Where  oil  q uenchiiig  is  resorted  to,  it  is  advisable  that,  such 
treatment  be  followed  by  a  teiiijiering  treatnient.  The  lead 
bath  is  the  most  effective  method  for  this  operation,  and  five 
hours  at-  a  temperature  of  550。  to  570"  is  a  suitable  treatment. 


PRATT  &  WHITNEY'S  LATHE  CHUCK. 

The  acconij)aHyiiig  illustrations  show  a  design  of  lathe  chuck 
in  which  the  gripping  means  can  be  adjusted  by  the  driving 
power  of  the  lathe  while  the  latter  is  running  so  as  to  release 
the  work  being  operated  on  or  to  fit  work  varying  in  diameter, 
the  invention  of  Messrs.  Pratt  &  Whitney,  111，  Broadway, 
New  York.  The  driven  member  B，  which  is  approximately 
in  the  form  of  a  ring,  carries  the  jaw  mechanism  and  has 
peripheral  teeth  C  which  co-operate  with  the  internal  teeth  L) 
on  the  driving  member  A.  There  is  a  meshed  relation 
between  the  two  sets  of  teeth,  and  although  it  is  a  very  free 
01*  loose  one,  it  is  sufficient  to  transfer  power  from  the  driving 
to  the  driven  member.    The  aiiiiular  driven  member  therefore 


Pratt  &  Whit -、】 ':y's  Lathe  Cuuck. 


floats,  being  capable  of  radial  movement  in  all  directions  with 
respect  to  the  driving  member.  The  barrel  E  houses  the 
driving  and  driven  members  A  and  B  and  is  capable  of  turning 
relatively  thereto.  Between  the  front  edge  of  the  driving 
niemher  A  and  the  front  wall  of  the  barrel  E  a  coiled  spring  F 
is  disposed,  one  end  of  which  is  rigidly  connected  with  the 
driven  member  B  exteriorly  thereof,  while  the  other  end  is 
connected  in  like  niaiiiier  with  the  inner  surface  of  the  barrel 
E，  this  spring  constituting  a  convenient  means  for  closing  the 
jaws  of  the  chuck.  The  constant  tendency  of  the  coiled 
spring  F  is  to  move  the  barrel  E  in  the  direction  of  the  arrow 
shown  and  thereby  through  the  cam  slots  J  or  their  walls 
which  act  on  the  studs  H，  serving  to  swing  the  three  jaws  G 
inwardly  to  close  them.  The  barrel  E  normally  rotates  with 
the  driven  member  B，  l)ut  it  will  be  apparent  that  by  arrest- 
ing tlie  niotiun  of  the  barrel  with  the  driven  member,  the 
.jaws  G  will  be  opened  and  means  are  provided  for  accomplish- 
lUg'  this  iTHult.  The  jaws  G  are  provided  at  their  gripping 
portions  with  spiiiig- controlled  auxiliary  jaws  K  which  are 
pivoted  to  the  main  jaws  and  wliirh  have  eccentric  surfaces 
for  directly  e"g;igii】g  the  work  s()  llial.  in  the  case  of  a  l;illu\ 
wheye  tile  work  is  to  be  turned,  I  licse  auxiliary  jaws  are  auto- 
matically tightened  upon  the  work.    To  open  the  jaws  G  a 


sleeve  M  loose  on  i  lie  Hpiiidh;  is  sliil'icici  i  o  l)ring  llw,  j>r()- 
jcc-iioiiH  II  and  L  iiil  o  (； onljicl .    Tlu;  shrove  M  is  ； ig;ii"H(, 

t  ot  al  ion  to  a  clo^^ree  det  ermined  ])y  Hpriiii^s  J》 ； iii(J  i'ri(,"oH 
wasliers  ()  aiul  Q,  the  ring  N  being  held  agaiiisl  roiaiioii  hy 
its  coimectioii  to  the  (control  lever  S.  The  friciioiial  resiHlaiice 
exerted  l)y  t  he  two  wasliers  ()  aiitl  Q  is  grcator  iliaii  tJie  for (； e 
oi  the  spring  F,  so  thai  when  the  projeclioiiK  R  arresi  the 
projections  L,  the  jaws  G  will  be  fully  opened,  but  when  the 
jaws  have  been  opened  to  Iheir  maximum  exi ciit  and  when  the 
sLuds  II  liave  encountered  the  end  walls  of  the  cam  slots  ,J，  the 
sleeve  M  and  collar  T  will  slip  on  the  leather  washers  O  and 
Q  and  therefore  turn  with  res])ect  to  the  ring  N  and  disc  U, 
tlie  jaws  G  remaining  open.  The  instant  the  projections  1{ 
are  moved  out  of  engagement  with  the  projections  L，  the  jaws 
G  will  be  closed  by  the  spring  F. 


HARDENING  HIGH-SPEED  SI  EEL 

The  Vaiuidiuin-Alloys  Steel  Company,  Pitlsburg,  is  distribut- 
ing the  lollowing  directions  for  haraciUiig  high-speed  steel. 

When  heating  for  forging,  tlie  tool  should  h rst  be  heated 
very  slowly  to  medium  reel,  atter  which  the  tool  may  be  heated 
to  a  good  lorgiiig  heat  and  forged.  Avoid  hammering  the 
steel  after  it  cools  below  a  good  red. 

When  heating  for  hardening,  preheat  very  slowly  to 
about  1，500。  Fah.,  and  then  bring  up  quickly  to  2,250'''  or 
2j3bO'^  Fall. J  according  to  class  of  tool.  The  higher  the  heat, 
the  better  the  tool.  The  steel  should  look  pertectly  white  at 
the  proper  temperature.  Quench  in  oil  (or  in  melted  lead). 
Draw  the  temper  on  lathe  and  similar  tools  to  950°  Fah.,  or 
a  visible  red  in  the  dark. 

For  lathe  and  planer  tools,  the  best'  lire  is  one  made  of  hard 
foundry  coke  in  an  ordinary  blacksmith  forge,  with  a  few 
bricks  laid  over  the  top  to  form  a  hollow  fire.  The  bricks 
should  be  thoroughly  heated  before  the  tools  are  hardened, 
and  the  points  of  tiie  tools  should  be  kept  from  contact  with 
the  fuel— this  will  prevent  burning  the  edges  of  the  tools. 

Mil] ill g  cutters  and  similar  tools  should  be  heated  as 
hot  as  practicable.  Electric  and  gas  furnaces,  designed 
lor  high  heats,  will  do  very  satisfactory  v/ork  in  hardening  this 
class  of  tools,  especially  those  made  tor  hardening  high-speed 
steel.  Where  a  furnace  is  not  convenient,  these  tools  may  be 
hardened  in  a  forge  fire,  but  care  must  be  taken  to  keep  the 
tool  from  contact  with  the  fuel. 

When  cooling,  high-speed  steel  can  be  iir  mediately 
quenched  in  oil,  if  intended  for  milling  cutter,  tap,  die,  'or 
similar  tool.  Draw  the  temper  of  this  class  of  tools  to  about 
900  Fah.  If  it  is  a  lathe  or  planer  tool,  the  point  can  be 
cooled  in  oil  and  the  tool  finally  cooled  in  a  strong  air  blast,  or 
if  found  necessary,  oil  not  being  available,  the  whole  tool  】uay 
be  cooled  in  a  strong  air  blast  immediately  after  having  the 
high  】ieat，  or  it  may  be  cooled  in  the  open  air.  For  many 
general  purposes,  it  is  found  that  where  tools  have  been  given 
the  extreme  high  heat  and  properly  quenched,  the  cutting 
qualities  are  improved  and  the  steel  extremely  toughened  if 
the  temper  is  drawn  to  a  very  low  red  in  the  dark,  and  the 
tool  permitted  to  cool. 

It  is  recommended  to  (1)  remove  all  scale,  and  clean  free 
from  oil,  grease,  &c.  Then  while  the  tool  is  perfectly  cold, 
iiiDiierse  in  water  and  while  the  tool  is  wet,  roll  in  powdered 
boric  acid.  (2)  Place  a  piece  of  clean  sheet  iron  in  the  bottom 
of  the  furnace  so  that  the  tool  will  not  come  in  contact  with 
the  firebrick.  Everythiiio^  must  be  kept  as  free  from  foreign 
matter  as  possible.  (3)  Preheat  slowly  to  about  1,200°  Fah., 
remove  the  tool  from  furnace  at  (his  heat  and  again  roll  in  the 
powdered  boric  acid .  This  completely  covers  the  tool  with  a 
coating  of  boric  acid  and  protects  the  surface  from  any 
decarbonising  action  of  the  air.  Then,  bring  up  quickly  to 
2，300e  Fah.,  and  cool  in  oil  bath.  ' 

In  classes  of  tools  where  it  is  advisable  to  draw  the  te:n per 
l)(、st'  results  are  obtained  if  the  drawing  temperature  is 
OOO"  Fall.,  and  the  tool  be  permitted  to  cool  in  the  open  air. 
The  boric  acid  coating  tliat  remains  can  be  removed  by  soaking 
a  sliort  while  in  fresh  cold  water.  Great  care  should  be  taken 
that,  the  tool  is  perfectly  (old  before  being  imniersed  in  water 
to  remove  the  boric  acid,  otlierwise  the  tool  may  crack.  These 
iiisli'iu'l  ions  ]iartirularlv  n])])ly  to  the  hardening  of  milling 
fill  1  (M's.  i  wist  drills,  laps,  dies,  &c 

1 11  many  cases,  a  roughing  tool  will  give  greater  service  if 
Jieated  to  12,300。  Fah.  and  dipped  in  oil  ；  then  when  cold, 
relieat  or  draw  to  1,065°  and  cool  in  the  open  air. 
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THE  MEASUREMENT  OF  VISCOSITY  AND  A  NEW  FORM  OF 
VISCOSIMETER.* 

BY  H.  C.  HAYES  AND  G.   W.  LEWIS. 

In  determining  the  lubricating  properties  of  an  oil,  the  viscosity 
test  is  considered  of  great  value,  since  by  means  of  this  test 
a  good  oil  can  readily  be  distinguished  from  a  poor  one.  It  is 
therefore  very  important  that  the  engineer  be  able  to  measure 
the  viscosity  of  an  oil  and  also  the  variation  of  viscosity  with 
temperature.  The  present  paper,  dealing  with  the  measure- 
ment of  viscosity,  gives  in  part  the  results  of  a  somewhat 
extended  research  on  the  lubricating  properties  of  oils.  It  is 
to  be  followed  by  a  paper  giving  the  relation  between  the 
lubricating  properties  of  oils  and  some  easily  measurable 
])hysical  properties. 

Viscosity. 

Matter  in  all  states  exhibits  a  gradual  yielding  to 
tangential  forces  which  tend  to  change  its  form.    This  pro- 


Fig.  1    Conception  of  Viscosity' 


Fig.  2.— Shout  Capillaky  Type  Viscosimkti-'k. 

perty  is  termed  viscosity  and  may  be  defined  quantitatively  as 
tangential  force  per  unit  area  divided  by  shear  per  unit  time. 
To  gain  a  clear  physical  concept  of  this  definition,  consider 
a  plane  surface.  Fig.  1，  of  area  />'，  parallel  to  and  at  a  distance 
f/  from  another  large  plane  surface,  and  the  intervening  space 
filled  with  a  liquid  whose  coefficient  of  viscosity  is  y.  If  a 
given  force  F ,  acting  on  this  plane,  is  applied  to  S,  the  surface 
will  be  dragged  along  and  will  finally  attain  a  steady  velocity, 
which  denote  by  V.  In  accordance  with  the  above  definition, 
the  relation  between  these  various  factors  would  then  be 

rj  =  F/S'rV/r/  or  y  =  F  .  d+S  .  V  [ij 
the  value  of  r}  depending  on  the  units  in  which  these  various 
factors  are  measured.  If  absolute  values  are  desired,  the 
factors  on  the  right-hand  side  of  the  equation  are  to  be 
measured  in  C.G.S.  units  ；  but  if  relative  values  will  suffice,  as 
is  the  case  in  nearly  all  engineering  work,  they  may  be 
measured  in  any  units. 

It  must  be  borne  in  mind  that  equation  [1]  is  not  true 
when  the  velocity  V  is  changing,  for  then  only  a  part  of  the 
force  F  is  used  to  overcome  viscosity,  a  part  being  used  in 
giving  accelerated  motion.  Under  such  conditions,  another 
term  niusi  be  added  to  this  equation.  The  nature  of  this  term 
is  not  difficult  to  see,  for  let  equation  [1]  be  written 
F  =  7]  .  S  .  V When  there  is  accelerated  motion,  the  force 
V  will  be  divided  into  two  parts,  the  part  used  to  overcome 
viscositv  and  that  used  to  give  accelerated  motion.  Call  these 
])arts  f  、  and  t\  respectively,  then  at  any  instant  /'  -  +  f^^ 
where  S.  V jd  and      ―  M  .  dV jdt^  where  M  is  the  mass 

that  is  being  accelerated  and  dV Idf  is  the  average  change  ot 
velocity  per  second  of  this  mass.  The  complete  instantaneous 
equation  thus  becomes 

and  I  ho  viscosity  cannot  be  found  from  this  equation  unless 
the  last  term  can  be  evaluated,  which  is  usually  difficuli  and 
often  impossible. 

•  Paper  presented  at  the  sprint^  meeting  of  the  American  Society  of  Mechanical 
Engineers,  New  Orleans,  La.,  ADril,  1916. 


Development  of  a  Working  Formula. 
In  most  physical  measurements,  comparative  values  are 
more  easily  obtained  than  absolute  values.  As  a  result 
measurements  are  made  in  terms  of  some  standard,  the 
absolute  value  of  which  has  been  determined  by  a  more  or  less 
laborious  process.  In  making  measurements  of  viscosity,  the 
standard  usually  chosen  is  water  at  a  temperature  of  20°  C. 
Girard  and  Poiseuille,  by  studying  the  flow  of  liquids  through 
capillary  tubes,  were  the  first  to  measure  the  absolute  value 
of  viscosity  with  anything  like  accuracy.  On  the  basis  of  his 
excellent  experimental  work  on  the  viscosity  of  water, 
Poiseuille  deduced  the  formula 

V  =K.I)\II/L 
where  r  ―  volume  of  liquid  transpired 
L  ―  length  of  capillary 
D  ―  diameter  of  capillary 
j^f  =  pressure 

/【= constant  for  each  liquid  at  a  given  temperature. 

Later,  this  empirical  formula  and  its  corrections  were  proved 
by  several  investigators.  By  assuming  there  is  no  slip  at  the 
surface  of  the  capillary,  that  the  liquid  flows  steadily  without 
eddies  or  turbulent  motion,  and  that  there  is  no  kinetic  energy 
of  efflux,  then  the  transpiration  formula  for  a  liquid  flowing 
under  its  own  head  becomes 

冗 

where  ?；=  coefficient  of  viscosity  (often  contracted  to  viscosity) 


h:— 

liquid  head 

!J  = 

acceleration  of  gravity 

radius  of  capillary 

I  二 

length  of  capillary 

v  = 

volume  of  flow 

time  of  flow 

p  —  density  of  liquid. 
Experiment  shows  that  the  first  assumption  is  true  if  the 

n 


Fro.  3.— OuiFicK  Typk  Viscosimktkr, 

liquid  is  one  that  wets  the  surface  of  the  capillary.  The  work 
of  Reynolds  shows  the  second  assumption  is  true  if  the  velocity 
of  the  liquid  through  the  capillary  is  kept  less  than 
700  .  y]/p .  /'  cm.  per  second.  The  third  assumption,  of  course, 
can  never  be  true.  The  liquid  must  have  kinetic  energy  when 
it  leaves  the  capillary.  In  accordance  with  equation  [2],  a 
correction  term  must  be  added  which,  according  to  Couette, 
Finkener,  and  Wilberforce,  should  be  ―  v  p/%nU.  The  com- 
plete expression  for  the  viscosity  is  therefore  of  the  form 
、i  =  p(^.i  .t.  —  U/l) 
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wluTc  A    and    />  nvv  coiisl a nl s   for  any  ot    apparel  us, 

f)  a  11' I  f  ； I  IT  I  lu'  iliMisit  y  and  t  ime  ot*  How,  respect  ivol  v- 

A  I  t  or  a  Miorough  examinat  ion  of  1  he  recordtHl  clat  ;i  mi  1  lie 
viscosity  of  water,  Knibbs  concluded  that  the  correct  t"ormul;i 
shouUI  1)0 

>/  —二  Txhf/r^pt j'S  I V  --  1 .  r」 rp/Srr/f 

It  is  to  lu、  noted  I liat  1  he  correction  term  is  larger  than  that 
given  hv  Com、t"、.  Moreover,  this  correction  term  varies  with 
the  time  of  flow,  approaching  zero  when  the  velocity  of  flow 
is  verv  slow,  in  which  case  t  becomes  very  great .  The  value 
of  the  term  increases  with  the  teniperai  ure  of  the  liquid  since 
the  lime  of  flow  decreases,  and  so  the  percentage  of  error  in 


Fig.  4.— Thk  Nkw  Viscosimktke. 


a  viscosity  vs.  temperature  curve  due  to  neglecting  this  correc- 
tion factor  will  increase  abnormally  toward  the  higher 
temperatures.  This  is  due  to  two  causes,  the  correction  to  be 
applied  increases  with  the  temperature  and  the  value  of  the 
quantity  to  be  corrected  decreases  rapidly  with  the  tempe- 
rature. Attention  will  l:e  called  to  this  fact  when  some  of  the 
various  comparative  methods  are  discussed.  It  is  further  to 
be  noted  that  this  correction  term  varies  inversely  as  the 
length  of  the  capillary.  A  short  capillary  requires  a  large 
correction  term. 

This  formula,  as  corrected  by  Knibbs,  has  been  submit  led 
to  careful  experimental  test  by  Hosking,  and  by  Bingham 
and  White.  These  investigators  have  determined  the  con- 
stants of  the  formula  experimentally  and  have  obtained  fair 
agreement  with  theory.  The  capillary  tube  method,  as 
employed  by  these  experimenters,  though  complicated  and 
laborious,  can  be  depended  upon  for  giving  absolute  values  of 
the  viscosity,  and  the  accuracy  of  any  viscosimeter  can  be 
determined  by  a  comparison  with  the  results  obtained  by  this 
method. 

Classification  ot  Viscosimeters. 
L'lass  1.  Short  ('a pillar ij.  In  meters  of  this  type  the 
liquid  to  be  tested  is  forced  either  by  gravity  or  by  pressure 
through  the  capillary  and  the  viscosity  is  determined  in  terms 
of  the  time  required  for  a  given  volume  to  pass  through  the 
】netei'，  as  compared  with  the  time  required  for  a  standard 
liquid  to  discharge  the  same  volume.  A  cross-section  of  a 
meter  of  this  type  is  shown  in  Fig.  2.  The  essential  parts  of 
the  instrument  are  a  cylindrical  bowl  A  in  which  the  oil  is 
placed  and  a  short  capillary  tube  li  through  which  it  is  dis- 
charged. The  instrument  must  have  temperature  controlling 
and  measuring  devices,  means  for  starting  and  stopping  the 
flow  and  volume  and  time  measuring  apparatus. 

To  this  class  belong  the  Say  bolt  meter,  adopted  as  a 
standard  by  the  Standard  Oil  Company  ；  the  Engler  meter, 
adopted  as  a  standard  by  the  United  States  Government  and 
Germany  ；  the  Redwood  meter,  adopted  as  a  standard  in 


Kn"r|aml  ;    1  lie  Scot i  im，"'r  ;    and   1  lie  ； idoptiMl   as  a 

s"m(l;ir(l  l>y  I  lie  IN?nnsylv;inia  Jlailroad  ； iiid  irujcli  used  l)y 
clicjiiisl-s.  Tilt'  majority  of  t  he  viHcosi'm"  ('rs  on  t  lie  rtiarkcl  ant 
of  the  sliorl  capillary  type. 

r/,/'v,、，  2,  Orifice.  This  type  employs  an  orifice  in  place  of 
the  short  capillary  of  the  previous  type.  Fig.  3  is  a  section 
of  such  a  meter,  in  the  cylindrical  bowl  A  of  whi h  tJie  oil 
to  be  tested  is  kept  at-  constant  head  above  the  orilice  Ji.  The 
Cari)eiiter  meter  belongs  to  this  class. 

〃/〃.、•,、•  3.  Dropfiinfj  (I  so/ if/  IhhI  i/  fhroin/li  a  t  nhr  filled  with 
〃'r  Hqnid ,  the  solid  body  Ixuiig  usually  a  sphere  or  a  plunger. 
Meters  employing  this  principle  determine  the  viscosity  in 
terms  of  the  iiiiie  required  for  the  IxxJy  to  drop  a  certain  dis- 
iaiice  through  the  liquid,  as  compared  with  the  time  required 
for  the  same  body  to  drop  through  a  standard  liquid.  To  this 
class  of  meters  belong  the  Perkins  meter,  which  employs  a 
plunger  and  vertical  tube,  and  the  Flowers  meter,  which 
employs  a  small  steel  sphere  and  a,  slanting  tube. 

( Idss  4.  Oisv'ilhtfi  n<i  Disc  or  < '  iji'imh  r.  These  meters  deter- 
mine the  viscosity  in  terms  of  the  danij)ing  which  the  oscillat- 
ing disc  or  cylinder  experiences  when  placed  in  the  liquid  as 
compared  with  the  damping  when  placed  in  the  standard 
liquid.    The  Doolittle  meter  is  an  example  of  this  class. 

( 7"v.、'  5.  liotatifHj  Disc  or 《 '/////"/,'/'.  This  type  determines 
the  viscosity  in  terms  of  the  speed  of  rotation  of  the  disc  or 
cylinder  in  the  liquid  under  test  as  compared  with  the  speed 
of  rotation  in  the  standard,  the  driving  torque  remaining 
constant.    The  Storm er  meter  is  an  example  of  this  class. 

Discussion  of  the  Various  Types. 
The  paper  here  enters  into  a  discussion  of  the  value  of 
each  of  the  above  types,  so  far  as  accuracy  is  concerned.  It 
enumerates  the  following  errors  and  indicates  their  causes  and 
magnitudes  : 

.1  ('rchrdflofi  (' rror.  In  all  meters  of  Classes  1  and  2  the 
acceleration  term  (J/  .  dV  jdf)  is  neglected  since  its  evaluation 
is  impossible.    This  introduces  an  acceleration  error. 

Surface  tension  c r ror  introduced  in  all  flow  types  due  to 
difference  in  surface  tension  of  the  standard  liquid  and  the 
liquid  under  test. 

( 'riflcal  velovifj/  rrror.  A  source  of  error  in  most  capillary 
and  orifice  forms  is  that  the  dimensions  of  the  instrument  are 
such  that  for  tlie  standard,  water,  the  flow  exceeds  the  critical 
velocity  and  the  resultant  liirl>ulent  flow  makes  the  value  of 
f  abnormally  large. 

These  three  errors  are  prominent  in  all  meters  named 
above  as  standards  and  cause  the  viscosity  as  given  by  these 
meters  to  be  much  too  low.  The  constant  speed  of  rotation 
which  a  disc  or  cylinder  immersed  in  ； i  liquid  will  attain  under 


Fig.  5.— Capillary  Tube  Method. 


the  action  of  a  constant  torque  is  a  true  measure  of  the 
viscosity  of  the  liquid.  The  Stonner  viscosimeter  attempts  to 
operate  in  accordance  with  this  principle,  but  the  friction  of 
the  moving  parts  is  necessarily  such  that  a  constant  torque 
cannot  be  obtained.  With  proper  refinement,  this  meter 
could  be  】nade  to  give  good  results.  The  fact  that  a  meter 
based  on  this  principle  can  theoretically  give  accurate  results 
has  led  to  the  development  of  a  new  viscosimeter  now  to  be 
described. 

The  New  Viscosimeter^ 
This  viscosimeter  operates  in  accordance  with  the  principle 
that  a  solid  body  having  a  surface  of  revolution  experiences, 
when  suspended  in  a  rotating  liquid,  a  torque  which  is  pro- 
portional to  the  viscosity  of  the  liquid.    The  instrument  is 
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shown  dia grammatically  in  Fig.  4.  The  specimen  S  is  con- 
tained within  a  cylindrical  chain bei'  which  is  caused  to  rotate 
uiiiforinly  by  a  motor  M  through  a  worm  drive  li  A 
cylinder  C  is  suspended  within  the  specimen  by  a  thin  steel 
wire  "  ，  so  that  the  axis  of  the  rotating  liquid  coincides  with 
the  axis  of  the  cylinder.  The  specimen  chamber  is  provided 
with  a  cap  V  so  shaped  that  the  excess  liquid  can  overflow 
when  the  cap  is  seated  and  thus  give  constant  conditions 
within  the  chamber.  The  specimen  chamber  is  surrounded  by 
an  oil  jacket  '/  in  which  a  thermometer  T  is  suspended.  The 
jacket  oil  may  be  brought  to  any  desired  teinperatiire  hy 
means  of  a  heating  coil,  or  a  side  coil  not  shown  in  the 
diagram.  The  cover  D  of  the  jacket  chamber  is  provided  with 
a  scale  which  is  marked  in  degrees  or  may  be  calibrated  to 
read  off  direct lv，  through  the  deflection  of  the  pointer  1\  the 
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Fig.  6. ― Viscosity  Curves  for  Medium  Gas  Engine  Oil: 

viscosity  in  terms  of  a  standard  liquid.  The  specimen 
chamber  and  the  suspended  cylinder  are  both  made  of  copper 
to  ensure  constant  temperature  throughout  the  specinieii,  and 
the  outside  of  the  specimen  chamber  is  provided  with  blades 
wliich  keep  the  jacket  oil  thoroughly  mixed  as  the  chamber 
revolves  and  thereby  exposes  the  latter  to  a  uniform  tempe- 
rature. This  is  an  important  factor  toward  ensuring  constant 
temperature  throughout  the  specimen. 

The  experimental  work  has  shown  that  the  temperature  of 
the  specimen  is  uniform  to  within  a  small  fraction  of  a  degree. 
Moreover,  the  temperature  of  the  specimen  follows  the  tempe- 
rature of  the  jacket  oil  so  closely  that  the  temperature- 
viscosity  curve  can  be  taken  while  the  temperature  is  slowly 
raised  or  lowered.  This  proves  to  be  a  great  saving  of  time. 
It  also  saves  labour,  for  one  does  not  need  to  stand  by  the 
instrument  continually.    The  deflection  of  the  ])oiiitei*  is  at 
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any  instant  a  measure  of  the  viscosity,  so  all  that  is  required 
is  to  take  simultaneous  readings  of  temperature  and  dellection 
at  intervals  during  the  heating  or  cooling  process. 

Experimental  Results.  • 
To  test  the  accuracy  of  this  viscosimeter,  the  temperature- 
viscosity  curve  was  found  for  a  light  aiid  "  iriediiini  gas  engine 
oil  by  the  capillary  tube  method,  the  apparatus  for  which  is 
shown  in  Fig.  5.  The  oil  was  drawn  from  ve:'>,,el  A  to  vessel 
Ji  and  vice  versa  by  connecting  each  in  turn  with  the  partial 
vacuum  chamber  (, .  These  vessels  were  submerged  in  a 
thermostat  which  could  be  maintained  at  any  desired  tempe- 


rature. The  results,  in  terms  of  the  viscosity  of  water  at 
20。  C.，  are  given  by  the  points  enclosed  in  circles  for  curves 
1  and  Ic/,  Figs.  6  and  7，  the  latter  referring  to  the  lighter  oil. 
The  viscosity  of  these  same  oils  as  given  by  the  new  meter  is 
represented  on  curves  1  and  \a  by  the  points  enclosed  in 
squares.  The  agreement  between  the  two  methods  is  almost 
perfect. 

The  viscosity  of  these  oils  as  given  by  a  meter  of  the  short 
capillary  type,  Fig.  2，  is  given  in  curves  2  and  2a.  Curves 
3  and  ？ >a  give  the  viscosity  of  these  oils  as  obtained  with  a 
meter  of  the  orifice  form,  Fig.  3.  As  predicted,  the  results 
given  by  the  short  capillary  type  are  Jinich  too  low  (on  the  oils 
tested  about  100  per  cent,  too  low)  and  the  results  given  by  the 
orifice  type  are  still  lower. 

Conclusions. 

The  errors  inherent  in  all  flow  types  of  viscosimeters  have 
been  predicted  and  the  predictions  verified  by  experiment. 
The  magnitude  of  the  errors  are  such  that  these  meters  cannot 
be  depended  qn  for  giving  even  approximate  results.  The 
various  meters  of  this  type  on  the  market  do  not  give  results 
which  are  in  agreement,  and  no  one  of  these  meters  can 
justly  be  claimed  as  a  standard. 

The  new  viscosimeter  of  the  non-flow  type  described  has 
the  following  advantages  : 

(1)  It  gives  values  for  the  viscosity  which  are  in  agreement 
with  those  given  by  the  standard  capill;u'y  tube  method. 

(2)  During  a  series  of  tests  at  various  temperatures,  the 
oil  is  not  handled. 

(3)  The  'sensitiveness  of  the  instrument  can  be  made 
anything  desired  by  changing  the  speed  of  rotation  of  the 
specimen  or  by  using  suspension  wires  of  various  diameters. 

(4)  The  density  or  change  in  density  is  not  a  factor  in 
computing  the  results,  in  fact  the  instrument  may  be 
graduated  to  read  off  the  viscosity  directly. 

(5)  The  viscosity  of  liquids  which  contain  particles  in  sus- 
pension can  be  measured,  and  the  operation  of  the  meter  is 
independent  of  the  colour  of  the  specimen. 

(6)  The  t'emperatui'e-viscosity  curve  can  be  taken  with  a 
fair  degree  of  accuracy  while  the  temperature  is  rising  or 
falling,  as  the  temperature  of  the  specimen  follows  the  tempe- 
ratuie  of  the  jacket  so  closely. 

(7)  Tlie  personal  error  which  arises  in  determining  time 
intervals  witli  a  stop-watch  is  removed. 

(8)  The  instrument  is  simple,  rigid,  and  self  -contained.  It 
has  no  separate  parts  to  get  lost  or  glass  parts  to  get  broken. 


NON-FERROUS  ALLOYS  FOR  LOCOMOTIVE  EQUIPMENT. 

At  the  recent  annual  meeting  of  the  American  Society  for 
Testing  Materials,  Mr.  G.  H.  Clamer,  chairiiiau  of  the  sub- 
committee on  non-ferrous  alloys  for  railroad  equipment,  pre- 
sented proposed  tentative  specifications  as  follows : ― 

1.  (tt)  These  specifications  cover  the  various  non-ferrous 
alloys  for  locomotive  equipment  in  ingots,  castings,  and 
finished  car  and  tender  bearings. 

(h)  These  alloys  and  the  purposes  for  which  they  are  fre- 
quently used  are  as  follows  ： ― 

Bearing  metal  jS  os.  1  and  2  for  connection-rod  bearings, 
bushings,  eccentric  straps,  driving-box  bearings,  trailer-truck 
bearings,  crosshead  gibs,  hub  liners,  and  miscellaneous' 
bushings, 

Ji(  (iriii  fj  fNcfals  Xos.  3  (ind  4  for  leacl-liued  bearings,  for 
locomotive  tenders,  freight  and  passenger  car  equipment. 
Bell  tnetal  for  locomotive  bells  only. 

Steam  metal  for  cocks,  valves,  water  gauge  and  gauge 
valves,  injectors,  and  other  castings  subjected  to  internal 
steam  pressure. 

J  {id  h  ras.s  for  miscellaneous  castings  for  which  a  red  colour 
is  desira})le,  and  which  are  not  intended  to  resist  internal 
pressures. 

】、〃"〃' 厶 /'".y.s  for  car  trimmings. 

JirazuHj  metal  for  fit t ings  and  unions  for  copper  pipe. 

liifhbiif  Hit  I  ill  for  babbitting  driving  boxes,  rod  brasses, 
croHslieads,  and  for  liul)  liners. 

Linhu/  metal  for  lining  truck  brasses,  tender  brasses,  and 
car  hi  asses. 

Chemical  riioPKKTiES  and  Tests. 

2.  {(t)  The  alloys  shall  coiii'uriii  to  the  reciuirements  as  to 
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chemical  composition,  with  Mio  permissible  variations  specified 
in  the  accompanying  table. 

(^>)  Where  no  figures  are  given  for  impurity  maximinn, 
tliese  elements  may  be  present  up  to  any  amount  to  come 
within  the  total  impurity  specified,  providing  the  material 
otherwise  "leets  the  chemical  and  physical  bests.  Where 
maximum  percentages  are  specified,  the  elements  referred  to 
are  considered  as  impurities,  and  shall'  not  be  intentionally 
added. 

3.  An  analysis  will  be  made  by  the  purchaser  or  his  repre- 
sentative from  one  ingot,  casting,  or  journal  bearing  repre- 
senting each  lot.  The  chemical  composition  thus  determined 
shall  con  form  to  the  requirements  specified  in  Section  2  for 
the  particular  alloy. 

4.  (d)  Ingots. 一 Drillings  shall  be  taken  with  a  drill  at 
least  iin.  diam.  at  a  point  midway  between  the  heaviest  and 
smallest  cross-section  of  the  ingot.  Ingots  having  two  or  more 
sections,  drillings  to  be  taken  from  each  section.  In  the  case 
of  babbitt  metal  and  lining  metal,  drillings  so  taken  shall  be 
melted  in  a  thoroughly-cleaned  ladle  with  a  little  resin  flux 
and  poured  into  a  piece  of  thin  section.  This  piece  shall  be 
sawed  into  three  parts,  and  the  sawings  therefrom  thoroughly 
mixed  to  constitute  a  sample  for  chemical  analysis. 

(h)  Locowodve  CaM'nifjs. —— Drillings  shall  be  taken  with  a 
drill  as  large  as  possible  at  such  points  in  the  casting  as  shall 
be  thoroughly  representative.  Drillings  through  the  skin 
shall  be  rejected.  Drillings  thoroughly  mixed  shall  constitute 
the  sample  for  chemical  analysis. 

(c)  Car  and  Teuder  Bearings, ― Drillings  si i all  be  taken 
with  a  drill  at  least  A  in.  diam.,  at  three  points  on  the  bearing 
selected  for  the  physical  test  as  specified  in  Section  5  {h)y  as 
widely  separated  as  possible.  Drillings  representing  the  skin 
of  the  casting  shall  be  rejected.  These  drillings,  thoroughly 
ipixed,  shall  constitute  the  sample  for  chemical  analysis. 
Drillings  shall  be  taken  in  a  like  manner  from  the  lining,  exer- 
cising care  that  tlie  drill  does  not  penetrate  the  soldered  sur- 
face. 

(r/)  All  samples,  whether  taken  with  a  drill  or  saw,  to  be 
kept  free  of  oil  and  to  be  magnetised  to  remove  iron  intro- 
duced in  taking  the  sample. 

Physical  Inspection  and  Tests. 
5.  {a)  Locomotive  Castings. ― The  castings  shall  be  sound, 
free  from  blowholes,  flaws,  or  shrinkage  cracks,  and  shall  show 
good  foundry  practice  and  workmanship.  One  casting  repre- 
senting each  lot  of  locomotive  bearings  will  be  broken  by  the 
purchaser  or  liis  representative,  for  examination  of  fracture. 
The'  fracture  shall  disclose  no  shrink  discoloration,  segrega- 
tion, dross  or  dirt  spots  within  |in.  of  the  bored  journal  engag- 
ing surface,  and  shall  show  no  distinct  signs  of  imperfect 
mixture. 


NoU'Ferrous  Metal  Mixtures, 


Alloy. 

Copper, 
per  cent. 

Tin, 

per  cent. 

per  cent. 

Zinc, 
per  cent. 

Iron,  max., 
l-er  cent. 

Antimony, 
per  cent. 

' Phosphorus, 
max.,  per  cent. 

Aluminium, 
per  cent. 

Sulphur,  max., 
per  cent. 

Total  Impurity 
including  Zinc, 
per  cent. 

Bearing  Metal 

No.  1  

remainder 

9  11 

9-n 

ir>t 

0-4 

0'5t 

none 

1.0 

No.  2 

7-9 

14-16 

l-5t 

0-4 

0-5t 

10 

No.  3 

7-9 

14-16 

3  0t 

0-4 

0-5t 

10 

No.  4  

4-6 

15-20 

5 -Of 

0,4 

0-5t 

10 

Boll  Metal 

16-18 

0-25t 

0'25t 

0-'25 

0-25t 

002 

O'Of) 

0-5 

Steam  Metal  ... 

5-7 

2-3 -5 

3-5t 

0.25 

0-25t 

0-O2 

005 

OT) 

Rorl  Brass   

4-6 

4-6 

0.40 

0-40t 

002 

0+05 

I'O 

Yellow  Brass... 

l,5t 

1-3 

0-50 

0-50t 

1-25 

Brazing  Metal. 

0-5t 
9-11 

0-5t 

18-22 

0-40 

0-25t 

10 

Babbitt  Metal.. 

0-5t 

remain- 

0-iot 

0-05 

15-17 

0-75 

Lining  Metal... 

0-5t 

4-6 

der 

OlOt 

005 

9-11 

0-75 

t  Maximum. 


{h)  Car  and  Tender  Beannij><, —— The  bearings  shall  be 
sound,  free  from  sand,  blowholes,  flaws,  or  shrinkage  cracks, 
and  shall  show  good  foundry  practice  and  workmanship.  One 
bearing  representing  each  lot  will  be  broken  by  the  purchaser 
or  his  representative  for  examination  of  fracture.  The  frac- 
ture shall  show  no  shrink  discoloration,  segregation,  dross  or 
dirt  spots  within  -Jin.  of  the  bored  journal  engaging  surface. 
This  test  shall  be  made  before  linings  are  applied.  A  second 
test  shall  be  made  after  application  of  the  lining  as  follows : 


(1)  The  suR])on(Io(l  brass,  when  tapped  with  a  hammer,  ghall 
a  I'ing.    (2)  The  lining,  when  chipped  witli  a 

mid  cliisel,  shall  lear  from  the  soldered  surface  as  distin- 
gnisliod  from  clean  shearing. 

6.  {(t)  T}"'  Each  r)，00011)s.  or  fnu-f  ir)ii  tluM-eof  shall 
constitute  a  lot.  Tlie  ingot  from  wliidi  tlio  sample  is  taken 
to  be  included  in  the  shipment. 

(/^  I.ocomofive  、力, //,/.、，  - Each  100  castings  or  fraction 
thereof,  unless  otherwise  specified,  shall  constitute  a  lot.  The 
manufacturer  shall  furtiisli,  free  of  cost,  one  casting  repre- 
senting each  lot  for  tlie  purpose  of  tests  as  specified  in  Sec- 
tions 4  (h)  and  5  {a.). 

{<')  Caj'  ami  Tender  Bearitigs. ― Each  300  bearings  or  frac- 
tion thereof  shall  constitute  a  lot.      The  manufacture  shall 
furnish,  free  of  cost,  one  bearing  representing  each  lot  for 
purposes  of  tests  as  specified  in  Sections  4  (r)  and  5  (/'). 
Permissible  Variations  in  Dimensions. 
{For  Gar  and  Tender  Beannijs  Only,) 

7.  {a)  The  purchaser  will  furnish  drawings  showing  the 
dimensions  of  the  hearings  ordered  and  permissible  variations 
therefrom  and  tlie  bearings  shall  conform  to  these  drawings 
within  such  permissible  variations. 

(/')  The  tliickness  at  the  centre  of  the  brass  and  of  tlie 
complete  bearing  shall  not  vary  more  than  ^iii.  over  or  under 
the  normal  tliickness  shown  on  the  drawing.  The  thickness 
of  the  lining  shall  not  vary  more  than  ^in.  over  or  under  the 
normal  thickness  shown  on  the  drawing. 

Workmanship. 

8.  {(h)  Locomotive  Casfinr/s. ― Tlie  castings  shall  conform 
to  the  dimensions  specified,  and  shall  show  good  workmanship 
geneially. 

(h)  Car  and  Tcndej'  Bearing.^. ― The  bearings  shall  show 
good  workmanship  generally,  and  shall  be  free  from  mechani- 
cal imperfections.  They  shall  be  bored  to  a  true  radius,  and 
with  the  axis  parallel  to  the  plane  of  the  top  and  perpendicular 
to  the  side  lugs  and  bearirij^  flange.  The  lettering  shall  be 
clear  and  distinct.  No  emery  to  be  used  on  journal  engaging 
surfaces  on  either  the  brass  or  the  lining. 

9.  {a)  In  got. ― The  manufacturer's  marking  only  shall  be 
required,  unless  otherwise  specified. 

{h)  Locomotive  CaMing^. ― The  lot  number  and  other 
marks  as  required  by  the  drawings  shall  be  legibly  marked  on 
each  casting. 

(r)  (JfiT  and  Tender  Bearings* ― The  name  or  initials  of  the 
manufacturer,  the  initials  of  the  purchaser,  type  number, 
journal  size,  and  lot  number  shall  be  legibly  cast  with  raised 
figures  on  a  depressed  surface  of  each  bearing,  as  shown  on 
drawings. 

Inspection  and  Rejection. 

10.  (a)  Inspection  may  be  made  at  the  manufacturer's 
works  where  the  ingots,  locomotive  castings,  or  car  and  tender 
bearings  are  made,  or  at  the  point  at  wliicli  tliey  are  received, 
at  the  option  of  the  purchaser. 

If  the  purchaser  elects  to  have  inspection  made  at  the 
manufacturer's  works,  the  inspector  representing  the  pur- 
chaser shall  have  free  entry  at  all  times  wliile  work  on  tlie  con- 
tract is  being  performed,  to  all  parts  of  the  manufacturer's 
works  which  concern  the  manufacture  of  the  material  ordered. 
The  manufacturer  shall  afford  the  inspector,  free  of  cost,  all 
reasonable  facilities  to  satisfy  him  that  the  material  is  being 
furnished  in  accordance  with  these  specifications.  All  tests 
and  inspection  shall  be  so  conducted  as  not  to  interfere 
unnecessarily  with  the  operation  of  the  works. 

11.  Failure  to  meet  the  chemical  or  physical  specifications, 
or  non-conformity  to  any  of  the  foregoing  requirements  as  to 
permissible  variations,  dimensions,  and  markings,  constitute 
sufficient  cause  for  rejection  of  the  lot  represented  by  the 
sample  chosen. 


Engineering  Research  in  the  United  States.— A  Bill  now 

before  the  United  States  Congress  proposes  to  establish  an 
engineering  experiment  station  in  each  State  for  the  purpose 
of  carrying  on  researches,  investigations,  and  experiments 
looking  toward  the  progress  of  the  industries  and  industrial 
arts.  The  annual  sum  of  £3,000  is  to  be  appropriated  for 
each  State  engineering  experiment  station. 


170 


THE   MECHANICAL  ENGINEER. 


[September  I，  1916 


ACID-RESISTING  ALLOYS.* 

BY  \V.  C.  CARNELL. 

For  many  years  various  metals  and  alloys  have  been  offered 
for  which  more  or  less  acid-resisting  properties  were  claimed. 
They  had  their  uses,  but  as  complete  acid-resisting  materials 
they  were  not  successful.  With  the  advent  of  fused  silica  a 
decided  advance  was  made,  and  it  successfully  replaced 
platinum  in  a  number  of  processes. 

/'，  use  (J  S  //  lea .    Fcntl  n  n ,  F  e  r  r  o  r  hrom  f\  —  In    1911  a 

basin  of  fused  silica  was  tried  out  at  the  factory  with  which 
tlie  writ er  was  connected  ；  so  successful  were  the  results  that  a 
10-ton  cascade  ccnceutrating  plant  for  sulphuric  acid  was 
erected  to  replace  a  platinum  outfit.  The  results  were, all  that 
could  be  desired.  The  acid  made  was  even  better  than  that 
111  .id  e  ill  platinum.  Fused  silica  is  brittle  and  costly  and  must 
be  handled  with  as  much  care  as  glass. 

In  1913  a  material  under  the  trade  name  of  Feralun  was 
tried  out.  This  was  a  mixture  of  cast  iron  and  an  abrasive, 
the  abrasive  being  an  alloy  of  aluminium  and  silicon,  f  lie 
surface  of  the  iron  was  covered  with  the  abrasive.  T^ho 
abrasive  was  acid-resisting,  but  the  acid  soon  destroyed  the 
iron,  leaving  a  porous  mass.  We,  however,  found  Feralun 
useful  for  nipples  on  acid  tank  cars. 

Fused  silicon  has  acid-resistin£j  properties  that  are  all  that 
could  be  desired  for  sulphuric  acid,  but  it  is  more  brittle  than 
fused  silica,  and  its  use  has  not  been  very  extensive.  Fei'ro- 
chroiTie  is  a  very  promising  product.  Glacial  acetic  acid  does 
not  attack  it  ；  56  and  28  per  cent,  acetic  acid  attacks  it 
slightly.  Strong  and  weak  pitric  and  sulphuric  acids  have 
practically  no  effect  on  the  alloy.  Hydrochloric  acid  attacks 
it  readily.  The  experiments  were  carried  out  in  a  bowl 
18in.  diam,  and  Gin.  deep. 

Silicon -Iron  A  Hoys . —— The  materials  thus  far  ineniioned 
are  valuable  for  specific  purposes.  The  real  dawn  of  acicl- 
resistiiig  allov  came  with  the  use  of  silicon-iron  alloys.  The 
beginning  of  the  use  of  these  alloys  was  about  six  years  ago. 
The  first  advertisement  the  writer  observed  of  this  alloy  was 
in  the  "  Journal  "  of  the  Society  of  Chemical  Industry, 
January  1 5th,  1912.  This  was  a  silicon-iron  alloy,  Tantiron, 
introduced  by  the  Lennox  Foundry  Company,  Ltd.,  of 
London,  England. 

In  May,  1912,  after  a  year  of  experimenting,  the  first 
silicon-iron  alloy  in  the  United  States  was  put  on  the  market 
under  the  name  of  Duriron,  by  the  Duriron  Casting  Company, 
of  Da V ton,  Ohio.  Ironac  is  another  trade  name  for  a  silicon- 
iron  allov  made  by  the  Houghton  Company,  Ltd.,  of  London, 
England.  While  these  are  all  alloys  of  iron  and  silicon,  their 
composition  is  not  the  same. 

Silicon-iron  alloys,  as  put  out  under  the  above  names,  are 
very  resisting  to  all  strengths  of  sulphuric  acid,  and  apparatus 
made  of  this  alloy  is  used  in  all  forms  of  concentrating  vessels 
and  cooling  devices  for  tl】e  concentration  of  this  acid.  By  the 
use  of  the  so-called  cascade  basins,  set  in  a  proper  furnace,  full 
strent^t li  oil  of  vitriol  is  made  from  50°  acid.  If  all  Ihe  fittings 
and  coolers  are  made  from  this  alloy  the  resulting  oil  of  vitriol 
is  practically  free  of  iron  after  the  plant  has  been  in  operation 
a  few  weeks.  Where  brimstone  acid  is  used  the  resulting  oil 
of  vitriol  should  not  contain  over  0'0002  per  cent.  iron.  For 
sulphuric  acid  concentration,  the  alloy  is  durable  and  the 
breakage  is  very  small.  A  plant  properly  handled  will  run 
for  months  without  a  shut  down.  The  success  of  the  modern 
tower  system  for  concentrating^  sulplmric  acid  has  been  due 
larcrelv  to  tlie  use  of  pipes  and  fittings  made  of  this  alloy. 

Silicon-iron  alloy  castings  have  extensively  replaced  stone- 
ware parts  for  the  manufacture  of  nitric  acid.  Early  in  1915 
the  flemand  for  nitric  acid  increased  to  enormous  proportions  ； 
oxtensioiis  to  old  nitric  acid  plants  and  the  erection  of  new 
ami  lar<?er  plants  was  immediately  demanded.  The  capacities 
of  tho  stoneware  factories  of  the  country  were  soon  taxed  to 
their  limit.  Deliveries  could  not  be  made  under  six  months, 
if  at  m11  ：  hud  the  T>i*oduction  of  nii ric  acid  been  dependent, 
UP071  stoneware  as  it  was  a  few  years  ago,  the  production  of 
nitric  acid  would  have  been  fifreaily  curtailed  and  the  story 
of  the  great  war  would  probably  be  different. 

The  silicon-iron  alloy  is  resistant  to  nitric  acid  of  various 
strengths.    It  can  he  cast  into  all  the  various  forms  required 

*  Abstract  of  paper  read  b^fcrj  the  Amerxan  Institute  of  Chemical  En  jineers, 
June  16th,  1916. 


for  nitric  acid  apparatus.  Castings  can  be  made  as  readily 
and  as  quickly  as  can  those  made  of  cast  iron.  Here  was  the 
ideal  substitute  for  stoneware.  Necessity  compelled  its  use 
ami  to-day  it  has  largely  superseded  stoneware  for  nitric  acid 
production. 

Duriron  in  〃  Xifric  Acirl  Plant . ― A  large  nitric  acid 
plant  equipped  entirely  with  this  alloy  in  the  form  of  Duriron 
was  in  service  for  eight  months  ；  the  alloy  showed  no  indica- 
tions of  corrosion  or  deterioration.  There  was  practically  no 
breakage.  Fire  destroyed  the  building  housing  of  the  plant 
and  most,  of  the  supports  for  the  apparatus.  It  did  not  harm 
the  castings,  though  they  were  exposed  to  intense  heat,  and 
80  per  cent,  were  recovered,  put  into  service,  and  are  in  use 
at  the  present  time.  Ninety  per  cent,  nitric  acid  made  in  a 
plant  equipped  with  Duriron  castings  showed  an  average  iron 
content  of  0*0014  per  cent,  iron,  while  36"*  nitric  acid  (52"30 
per  cent.)  showed  0*0042  per  cent.  iron. 

The  silicon- iron  alloy  was  developed  to  resist  acid.  It  not 
only  resists  acid,  but  it  is  resistant  to  corrosion  and  to  rust. 
Ground  surfaces,  representing  the  true  alloy,  are  practically 
ini niune  from  rust.  The  rough  casting  may  show  some  rust 
on  exDosure,  but  this  is  due  to  impurities  in  the  surface, 
caused  by  contact  of  the  alloy  with  the  moulding  sand  ;  this  is 
a  surface  rust  only  and  will  not  penetrate.  The  alloy  is  also 
heat  resisting,  when  made  of  suitable  design.  The  walls  must 
not  be  too  thick  for  very  high  temperatures.  Castings  do  not 
distort  on  heating,  but  hold  their  form  up  to  the  melting 
point.    The  composition  properties  of  -  Duriron  are  as  follows  : 


Silicon   14.00  to  14*50  per  cent. 

Manoanese    0  25  to  0,35  per  cent. 

Total  carbon    0  20  to   0-GO  per  cent. 

Phosphorus    0*16  to   0"20  per  cent. 

Sulphur   Under   0*05  per  cent. 

Melting  point   2,500°  to  2，550。  Fah. 

Specific  gravity   7.00 

Compression  strength   70，0001bs.  per  square  inch 

Tensile  strength   25  per  cent,  less  than  cast  iron 

A  bar  of  Duriron  was  compared  with  a  bar  of  equal  size 


of  the  best  grade  of  chemical  pottery,  under  equal  conditions, 
the  earthenware  test  bar  broke  so  quickly  that  the  testing 
machine 卩' rmge  did  not  record  any  pressure.  The  Duriron  bar 
broke  under  a  load  of  l，000]bs.  By  using  a  suspended  vessel 
on  an  earthenware  bar  and  gradually  loading  it  with  small 
pieces  of  metal  and  sand,  a  breaking  test  of  lOOlbs.  was 
obtained  for  the  earthenware  bar. 

Tanflron  and  ifs  Properf ie.'^. — Tantiron  was  first  pro- 
duced by  Robert  W.  Lennox,  of  the  Lennox  Foundry  Com- 
pany, of  London,  England,  about  1908.  In  1913  the  rights 
for  the  use  of  this  alloy  in  the  United  States,  Canada,  and 
Mexico  were  acquired  by  the  Bethlehem  Foundry  and 
Machine  Company,  of  South  Bethleliem,  Pa.  An  approxi- 
mate analysis  of  the  properties  of  Tantiron  is  as  follows  : 

Silicon   14-00  to  15*00  per  cent. 

Sulpluir    0.05  to   0*15  per  cent. 

Phosphorus    005  to   0*10  per  cent. 

Manganese   2"00  to   2*50  per  cent. 

Carbon  (graphite)    0*75  to   1*25  per  cent. 

Melting  point  about   2，5r)(f  Fah. 

Specific  gravity   6'8  - 

Tensile  st  rength   6  to  7  tons  per  square  inch 

In  oreneral  silicon-iron  alloys  cannot  be  cast  in  rectangular 
shapes  or  flat  surfaces.  The  chemical  engineer  should  colla- 
borate with  the  foundryman  in  order  to  design  shapes  which 
can  be  produced  in  the  foundry  and  still  serve  the  purpose  of 
the  operating  conditions  required.  The  alloy  is  not  suitable 
for  apparatus  in  which  high  internal  pressures  are  to  be  used 
unless  it  is  protected  by  a  protecting  jacket.  Forty  to  fifty 
pounds  is  given  as  the  maximuni  pressure  for  an  autoclave 
made  of  Tantiron. 

ConcJu.'^ions. ― While  there  is  still  opportunity  for  im- 
provement, and  while  there  is  much  more  to  be  desired  in  an 
acid-resisting  material  out  of  which  to  construct  apparatus  for 
the  acid  industry,  yet  the  silicon-iron  alloy  or  silicide  of  iron, 
as  it  has  been  called,  has  proved  a  boon  to  the  acid  industry, 
and  without  which  many  things  could  not  have  been  accom- 
plished. It  is  more  efficient  than  stoneware.  At  best, 
chemical  stoneware,  if  made  properly,  should  take  1 0  to  1 2 
weeks  for  its  production.    Castings  of  this  alloy  can  be  made 
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ami 山、 liv(、r(、（l  in  tlu、  samt'  fimo  il  I  akos  I o  make  cast  ini^^s  mil 
ot*  ("ist,  iron. 

The  limitation  t o  cast iiigs  of  1  Ins  alloy  are  shop  uud 
foundrv  limitations  only.  One  company  has  a  I'oiuulry  wit li  a 
funiaoe  capacity  of  72  tons  per  day.  To-day  thousands  of 
tons  of  castings  made  of  this  alloy  are  in  use.  It  is  Hmling 
its  way  into  all  branches  of  the  chemical  industry.  Since  its 
introduction  new  chemical  processes  have  been  started  which 
were  impossible  before  because  of  lack  of  suitable  apparatus. 
Silicon-iron  alloys  are  beiiii^'  improved  rapidly  and  the  time 
lines  not  seem  far  distant  when  all  sorts  of  vessels  will  be  made 
of  tliis  or  a  similar  alloy  that  will  give  to  the  chemical 
iiid  ustvv  ilio  ideal  noii-ccrro&ive  material  t  ha  t  may  be 
I'ahricatod  into  ； ill  the  shapes  ptvuliai.  to  the  needs  of  the 
iiulustrv. 


HEAT-TRANSMITTING  TUBES  FOR  EVAPORATORS. 

To  increase  1  he  eitioieiicy  of  the  lieat-transniit ling  tubes  for 
evaporators  Messrs.  Watson  &  Billetop,  High  Bridge  Works, 
Walk(n'  Gate,  Newcast!e-on-Tyne,  propose  in  a  recent  patent 
to  arraitP'e  a  carrier  plate  adapted  to  form  a  loiigitudiiu^l 
medial  division  plate  in  the  tube  dividing  the  flow  of  fliud 
into  two  streains  and  adapted  to  carry  a  series  of  baffle  plates 
alternately  ariaiiged  so  that  successive  plates  are  of  opposite 
hand,  whei'eby  each  of  the  two  streams  is  zig-zagged  and  effec- 
tively baffled  by  the  one  set  of  plates.  Fig.  1  is  a  longitudinal 
section  of  a  tube  fitted  with  a  carrier  plate  and  baffles.  Fig.  2 
is  a  transverse  section  on  the  line  X  of  Fig.  1.    Fig.  3  is  a  view 

FIG.  I.  FIG.  4： 


Tubes  foii  Evapora.touk. 

similar  to  Fig.  2  taken  on  tlie  line  Y  of  Fig.  1.  Fig.  4  is  a 
view  of  the  carrier  plate,  uml  Figs.  5  and  6  are  views  of  the 
reversely  set  baffles.  Fii;-.  7  is  a  conventional  perspective 
section  showing  the  baflles  in  position  in  tlie  tube.  The  tubes 
A  are  fitted  with  a  carrier  plate  B  of  width  equal  to  the 
diameter  of  the  tube  and  this  plate  is  notched  at  F.  The 
Imfiles  C  and  G  are  sha])ed  as  shown  in  Figs.  5  and  6,  which 
show  tlieiii  reversely  set;  the  baffles  are  all  the  same  shape, 
but  alternate  sets  are  oppositely  disposed  as  shown  in  Figs.  1 
ami  7.  The  bafiles  are  held  in  position  by  being  fitted  into  the 
notches  F  of  the  plate  B,  and  are  attached  thereto  by  means 
of  the  lugs  IT,  which  are  turned  up  when  forming  the  vee 
notches  J  in  the  baffles.    The  plate  B  divides  the  fluid  passing 


tliroiit^li  \  \\v  t  ube  into  two  Htrouins,  ； m(l  iho  altoniaie  an'ange- 
m("d'  of  1  Ik?  bullies  cause  each  hIvoumi  to  lake  a  zi^r-zag 
as  shown  by  the  dott.ed  chain  line  I).  Fig.  7  sliows  tlie  I  iilx- 
(■oiiuectioM  E  iWied  with  porLs  K  and  L  and  with  a  coupling' 
mit,  M.  Upon  removal  of  this  nut,  the  plate 】}  f:;in  l)e  wiih- 
(h'awii,  witli  Ihe  hafllos  in  position,  hy  means  of  1  lie  li'imlh 
shown.  ' 


THE  SELECTION  OF  FORGING  MACHINES.* 

Many  forge  shops  iiavo  iiiibalaiiced  ecjuipment,  ami  managers 
wito  attempt  to  unckMtako  general  contracting  without  the 
pmper  machines  for  the  various  classes  of  work  ofi'ered  in  tlie 
o|)eu  field  of  coiiipetitioii  usually  get  into  trouble.  It  may  be 
desirable  to  have  but  one  type  of  machine  in  a  shop,  but  in 
such  cases  the  forging  niaim^^er  should  not  consider  every  job 
a  prospect.  He  cannot  meet  a  competitor's  price  unless  his 
shop  is  properly  equipped.  In  the  concrete  examples  of  forg- 
ing costs  which  are  given  in  this  paper,  only  three  types  of 
machines  will  be  considered,  steam  hammers,  board  hammers, 
and  iipsetters. 

Three  items  are  to  be  considered  in  figuring  the  cost  of  a 
forging ― material,  direct  labour,  and  overhead  expense.  The 
material  is  considered  from  the  standpoint  of  the  gross  weight 
of  steel  required  to  make  a  certain  forging.  The  direct 
labour  is  considered  to  be  the  actual  productive  labour  work 
on  the  forging,  consisting  in  every  case  of  the  forger  himself, 
and,  in  some  instances,  of  the  heater,  trimmer  man,  and 
grinder,  where  these  other  men  are  required  for  the  work. 

The  overhead  expenses  will  be  considered  as  varying 
directly  as  tlie  productive  labour.  In  this  may  be  included 
insurance  and  taxes,  office  expenses,  sales  expenses,  interest 
and  discount,  &c.  These  items  are  considered  as  not  varying 
witli  the  unit  used  except  as  this  unit  might  affect  the  actual 
productive  labour.  The  cost  of  heating,  steam,  or  electric 
power,  depends  upon  the  unit  used.  The  life  of  dies  is  very 
greatly  influenced  by  the  type  of  machine  used.  The  upkeep 
of  the  different  machines  also  varies  greatly,  as  do  tlie  number 
and  value  of  the  repair  parts  which—  must  be  purcba^-'ed  from 
time  to  time. 

Turning  now  to  a  concrete  example,  consider  a  flange  or 
disc,  weighing  about  41bs.  The  first  column  of  data  below 
indicates  the  machine  used  to  make  the  forgings.  The  second 
coluinii  gives  the  hourly  production.  The  third  column  shows 
tlie  number  of  men  used,  consisting  in  each  case  of  the  forger 
and  one  or  more  helpers.  The  fourth  column  shows  the  gross 
weight  of  steel  used,  expressing  the  board  and  steam-hammer 
weight  as  100  per  cent. 


Machine. 

Production . 

Men  Used . 

Cross  Weight 
Per  Cent. 

70 

2 

100 

Sloam  

00 

2 

100 

Upsctter   

140 

3 

75 

From  the  standpoint  of  production,  the  steam  hammer 
appeal's  to  be  only  a  trifle  better  than  the  board  liammer  ; 
but  since  the  labour  for  a  board  hammer  operation  is  cheaper 
than  for  a  steam  liammer,  it  is  evident  from  a  standpoint  of 
productive  labour  that  a  board  hammer  and  a  steam  liammer 
are  about  on  a  par  in  this  instance.  The  overhead  in  the  case 
of  a  board  hammer  is,  however,  materially  lower  from  a 
purely  operating  standpoint.  The  cost  of  power  used  by 
board  liammer  is  less  than  the  cost  of  tlie  steam  used  by  tlie 
steam  hammer.  The  upkeep  on  a  board  ham mer  and  the 
repairs  are  also  usually  less  than  on  a  steam  hammer.  We 
also  have  found  that  in  most  instances  the  life  of  the  dies  is 
greater  when  used  in  a  board  hammer  than  when  used  in  a 
steam  hammer.  It  is,  therefore,  evident  that  if  a  man  had 
no  upset ter  in  his  plant  it  would  be  most  economical  to  make 
these  forcings  on  a  board  liammer.  Turning  to  the  upsetter, 
it  is  noted  that,  although  an  extra  heater  is  required,  the 
production  is  double  that  attained  from  the  board  hammer, 
so  that  from  a  standpoint  of  production  the  upsetter  is  more 
desirable  than  either  of  the  other  units  for  this  particular 

*  Abstract  of  paper  read  before  the  American  Drop  Fori^e  Association. 
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work.  The  25  per  cent,  saving  in  weight  further  indicates 
that  the  proper  machine  for  this  work  is  the  upsetter. 

We  have  not  given  actual  costs  because  rates  vary  in 
different  localities.  Overhead  varies  greatly  in  different 
localities.  The  value  of  the  weight-saving  depends  entirely 
upon  the  price  of  the  steel  used  for  this  work.  This  saving 
in  weight  must  be  compared  with  the  labour  and  overhead 
costs.  With  these  figures  any  forge  man  knowing  his  own 
rates  and  overhead,  and  with  any  paid  cost  of  material,  may 
immediately  figure  wliat  the  saving  would  be. 

Some  very  interesting  results  occurred  in  connection  with 
the  forging  of  three  small  transmission  gears,  weighing  about 
l.Ubs.  to  21bs.  each.  At  one  time  all  these  forgings  were  made 
under  the  steam  hammer;  they  are  now  being  made  on  a 
board  hammer.  The  labour  costs  are  practically  identical 
with  both  styles  of  hammers,  but  the  die  costs,  including  the 
rates,  were  very  different  in  the  two  cases.  The  data  are  as 
follows  : —— 

Sit  am.  H  a  mmer , 


Pieces  Made; 

Total  Dio  Labour. 

Die  Labour  per 
1 ,000  Pieces. 

S258-92 
201-25 
229-11 

$0*20 
6-53 
6-15 

Board  Hammer. 

78.427 

$197-79 

$2-50 

72. (Ul 

169-95 

2-30 

80,914 

159-45 

2-00 

Many  forge  men  realise  that  there  is  a  difference  in  the 
life  of  dies  in  the  case  of  board  and  steam  hammers,  but  it  is 
seldom  that  it  can  be  forcibly  illustrated  as  in  this  instance. 

Another  interesting  comparison  from  a  cost  standpoint 
was  made  with  a  transmission  gear,  weighing  about  2 lbs.  The 
data  follows : —— 


Machine. 

Men  Used, 

Production 
Per  Man. 

Gross  Weight. 
Per  Cent. 

2 
3 

100 
160 

100 
73 

It  is  evident  that  the  improvement  in  production  effected 
by  the  upsetter  is  not  so  great  in  this  case  as  it  was  in  the 
previous  instance,  and  a  question  would  arise  as  to  which  unit 
would  be  the  better  to  use  for  this  piece.  If  the  cost  of  the 
upsetter  men  were  low  it  is  evident  the  upsetter  would  be 
the  proper  unit,  particularly  if  the  steel  used  were  expensive. 
The  die  costs  probably  would  be  lower  in  the  case  of  the 
upsetter,  so  that  in  most  shops  it  would  probably  pay  to  do 
this  work  on  this  unit. 


METAL  QUOTATIONS. 

TUESDAY,  AUGUST  29th. 

Aluminium  ingot    ―   per  cwt. 

，，        wire,  according  to  sizes,  &c  from  ―  ，， 

，，         sheets        ,,  ,,    ―  ，， 

Antimony    £95/-/-  per  ton. 

BrasB,  rolled   per  lb. 

，，    tubes  (brazed)    1/5  ，， 

，，        ，， (solid  drawn)    1/3  ，， 

，，        ，， wire    1/2  J  ，' 

Copper,  Standard   £1 10/-/-  per  ton. 

Iron,  Cleveland    " 

，， Scotch   ―  " 

Lead,  English   £32/；-)/-  ，， 

，， Foreign  (soft)   £:50/l.V- ，， 

Mica  (in  original  cases),  small   Od.  to  3/-  por  lb. 

"  ，，       ，，         medium    3/6  to  0/-  ，， 

"  ，，        ，，         large    7/0  to  14/— " 

Quicksilver   £17/12/0  per  bottle. 

Silver    31  }f^d.  per  oz. 

Spelter  (American)   £45/-/-  per  tdn. 

Tin,  block    £173/-/-  per  ton. 

Tin  plates,  I.C     32/-  per  box. 

Zinc  sheets    £72  per  ton. 


NEW  PATENTS. 

S pec ificdt inns  of  fh  e  following  are  noir  p、；hlhh  f^fJ,  anrl  we  shall 
hp  pleasrd  to  forward  copicii  post  ffPc  on  vfcfi pi  of  SiL  Address 
" Mechanical  Engineer,'"  fl%  Nnv  BaiU'}/  Shrrf,  Manchpster. 

MECHANICAL,  1915. 

Automatic  couplings  for  railway  cars.    Sert^iiienko.  6676. 

Ditt>r('iiti"lpr。><sm'e  gauge.    Soc.  Blot  Garni  or  et  Clievaliei'.   67 92. 

I'wo-sti-oke-cycle  explosion  engine.    Boiifa.  7943. 

C'ore-ma kinis,  machines  for  foundry  purposes.  Wari'en,  Valentine, 
and  Loylaiul  :\r()t(>i's  (1914)，  Ltd.  9990. 

Systoins  ()f  ra  ilw  a V  signalling  and  tra  in  controlling.  Bound  and 
' Rowland.  ^V272. 

Rotai'y  cyli ii(li'ir*al  valves  for  internal- comlmstioii  engines.  Foun- 
tain &  Lan^ford.  114!)!. 

Intern  a  l-c()nil)iist  ion  eiitiines.    Huston  &  Chorltoii.  11543. 

Explosion  "eiighies  couijled  to  dynamos.  Soc.  Anon,  des  l^.tablisse- 
inents  L.  Bleriot.    11*56().  ' 

Preparation  of  peat  for  fuel.    Paterson.  12003. 

Multiple-spindle  turning  latlios.    Hcrrv.  12016. 

Hydraulic  machinory  toi-  the  inniiufaftn re  of  snperlipater  elements. 
' Portham  (V:  Wait (-.  VIOli]. 

Ignition  systems  for  iiitei'iial  rombnstion  en<i;inos.  Kaiidolpli. 
13391. " 

]\fon lis  for  sopa I'at i n<r  wntcr  Itoim  ； "r  or  steam.    jVTortinier.  13o99. 

I  itteriinl  {'((iiilm^t  ion  ciij^i  iirs.     H(>ut:!.  1-!0G2. 

P()\\  oi'-propplied  vessels.     Smith.  l-12fj(). 

Interna l-coinhustioii  engines.    Fergiisson.  14819. 

Valve  mechanism  of  intoriinl-oonilHistion  etit^iiies.    Carlson.  15059. 

Fire-bars  for  furnaces.    C'li;uh\  ick.  )(;8. 

Ball  cages  for  ])all  Ix'ni'iiiLis.    S("lt'rlimd.  163o2. 

Construction  of  vai-ial)lc  sprod  i^m r.    Brooks.  16397. 

Propellers.    Lowe.  iGoL'l. 

Substitute  for  packings,  ami  stuffing-boxes.    Gelpi.  17891. 

1916. 

Lathos.    McCiml,  W.  A.  847. 

Clmcks  for  lathes.    Gordon,  H.  3664. 

Iiiternal-oom])ustion  engines.    Gile^  F.  H.  406."). 

Ignition  controllers  for  internal-combustion  engines.  Keniiington, 

W.  O.    5680.  '― 
Reversil)le  rotary  pumps.      Selson   EInginewiiig  Company,  and 

Goodwin,  H."    6265.  ^  '―  ' 

Apparatus  for  controlling  and  stopping  trains  iiulependentlv  of 

drivers.    Bound,  A.  F.,  and  l^owland,  AV.    6989.  ' 

ELECTRICAL.  1915. 

Dynamos.    U.S.  Light  and  Heat  Corporation.  11510. 

Mannfactiire  of  iiir'aiulosopiit  electric  lamps.  British  Thomson- 
Houston    Comjiaiiy .     1 1  4  \. 

Eloctrifal  traiusioriners.    Schaanning  &  Harlow.  11-568. 

Sliort-circuiting  and  brush-lifting  gear  for  iiltornatiiig-ciuTent 
motors.  Lancashire  Dynamo  and  Motor  Company,  Whit- 
more,  and  Roberts.  11790. 

Electrical  measuring  instruments.  Foster. 

Contact    making     and    breaking  devices 
niafhines.     Conner.  14995. 

Electric  insulators.     Mnller.  16185. 

Electric  batteri^-s.    Marks.  16540. 

Rotary  interrupter  for  electric  'ignition 
(Firm  of).  17921. 


14214. 

of  magneto-electric 
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Board  of  Trade  and  Trade  Enquiries. ― The  Board  of  Trade 
desire  to  point  out  to  British  manufacturers  and  merchants 
who  wish  to  obtain  information  in  regard  to  trade  matters  in 
the  colonies  or  foreign  countries,  that  it  is  desirable  that 
applications  should  first  be  made  to  the  Commercial  Intelli- 
gence Branch  before  communications  are  addressed  to  the 
Board  of  Trade  Correspondents  or  to  ELM.  Consular  Officers 
abroad.  By  the  adoption  of  this  course,  much  delay  will  be 
avoided  by  the  enquirer  in  cases  in  which  the  Commercial 
Intelligence  Brancli  is  already  in  possession  of  the  required 
information.  Communications  addressed  to  the  Board  of 
Trade  Correspondents  or  to  U.M.  Consular  Officers  should  be 
sent  direct  and  not  thrcmgh  the  Commercial  Intelligence 
Branch.  Catalogues,  price  lists,  &c.，  should  also  be  forwarded 
direct.  It  is  needless  to  send  identical  enquiries  to  the  Com- 
mercial Intelligence  Branch  and  to  11. M.  Consular  Officers  (or 
the  Board  of  Trade  Correspondents  in  the  Colonies)  as  the 
latter  are  the  Correspondents  abroad  of  the  Commercial  Intel- 
ligence Branch. 
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Science  and  Research. 

Those  who  imagined  that  the  Research  Committee  of  the 
Privy  Council,  appointed  in  July  last  year,  would  quickly 
remedy  the  defects  in  our  industrial  organisation  revealed  by 
the  war  will  probably  experience  a  sense  of  disappointment 
at  the  first  annual  report,  issued  by  the  Advisory  Council  of 
the  Committee,  though  it  will  not  surprise  those  who  have 
seriously  studied  the  matter.  Our  lack  of  scientific  education 
and  training,  of  which  the  shortcomings  of  many  British  indus- 
tries are  but  a  reflex,  has  been  the  subject  of  comment  by  these 
observers  for  years,  and  they  know  well  that  national  ailments 
like  personal  ones  cannot  be  cured  in  a  hurry,  and  that  the 
first  stej)  towards  a  cure  is  to  clearly  recognise  tlie  nature  and 
extent  of  the  complaint.  This  tlie  Advisory  Committee  have 
done,  and  their  report  is  interesting,  not  because  it  expounds  a 
quack  remedy,  but  because  it  points  the  need  for  persistent 
and  combined  effort  on  the  part  of  manufacturers  and 
scientists  if  a  proper  recovery  is  to  be  effected.  It  is  easy  to 
call  for  research,  and  easier  still  to  set  it,  going  than  to  reap 
the  fruits  of  it,  but  to  begin  with  there  are  two  serious  obstacles 
to  overcome.  One  is  the  shortage  of  men  qualified  to  under- 
take such  work;  the  other  is  the  want  of  proper  appreciation 
by  manufacturers  of  its  value.  The  average  man  engaged 
ill  trade,  possessing  often  but  a  superficial  education,  and 
looking  only  to  a  quick  ledger  return  as  a  measure 
of  intrinsic  value,  promptly  divides  scientific  research 
work  into  two  parts :  that  which  is  not  capable  of 
immediate  application  to  his  business  he  dubs  as  "  pui'e  ，， ； 
that  which  he  can  at  once  turn  to  profit  he  calls  ((  practical." 
While  recognising  that  such  a  division  of  science  to  industry 
is  not  difficult,  and  giving  the  application  to  industry  prece- 
dence over  "  pure  "  science,  in  their  deliberations  the  Com- 
mittee point  out  that  this  discrimination  is  arbitrary  and 
artificial.    Rightly  speaking  there  is  but  one  kind  of  science. 
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viz.,  a  knowledge  of  natural  laws  and  defects,  arranged, 
system  at  ised,  and  co-ordinated.  However,  the  Committee 
have  to  deal  with  the  world  as  it  is  ；  with  problems  calling 
for  immediate  solution,  and  with  manufacturers  who  cannot 
afford  to  wait  and  who  are  not  accustomed  to  taking  long 
views.  "  If  science,"  said  one  of  them  to  the  Committee, 
'' could  enable  him  to  overcome  his  daily  difficulties  lie  was 
prepared  to  welcome  her,  but  he  had  no  interest  in 
research  wliich  did  nut  produce  results  within  a  year  ，' ― pre- 
sumably we  suppose  because  lie  could  not  present  them  as  assets 
in  his  balance-sheet.  In  a  word,  "  he  wanted  a  handy  ser- 
vant, not  a  partner  with  ideas  of  her  own."  It  is  a  somewhat 
restricted  point  of  view  from  which  to  take  an  outlook,  but  the 
Committee  are  limited  by  their  environment,  and  they  have 
done  their  best  from  this  point  of  view.  In  the  first  place, 
they  have  formed  a  register  of  all  research  work  actually 
being  conducted  at  the  outbreak  of  war  in  technical  colleges 
and  universities  throughout  the  country,  as  well  as  the 
character  and  provision  made  in  our  educational  institutions 
for  such  work.  They  have  also  endeavoured,  as  far  as  possible, 
to  supplement  this  with  information  given  in  confidence  by 
manufacturing  firms  respecting  investigations  they  have  in 
hand  or  in  contemplation  connected  with  their  industries.  For 
a  complete  survey  it  is  obvious  such  a  record  is  as  valuable  as 
that  of  the  work  done  in  teaching  institutions.  Hitherto  much 
of  this  private  work  has  been  jealously  guarded  with  the 
result  that  there  has  been  mucli  overlapping  and  wasted  effort. 
It  is  gratifying  therefore  to  note  that  in  the  opinion  of  the 
Council  there  are  indications  of  a  change  of  view  and  more 
far-reaching  co-operation  than  has  hitherto  been  possible. 
Manufacturers,  they  state,  "  are  beginning  to  realise  that  their 
most  dangerous  enemies  are  not  fellow  countrymen,  but  nianu- 
i'acturers  abroad,  supported  by  every  device,  freight  and  tariff, 
and  Goveniment  aid  can  provide."  Trade  associations,  it  is 
pointed  out,  are  not  as  wide  in  this  country  as  in  Germany, 
and,  further,  have  shown  only  a  moderate  appreciation  of  the 
necessity  of  research  as  a  means  of  keeping  command  of  mar- 
kets. Several  reasons  are  put  forward  to  account  for  this 
comparative  inactivity.  Some  spring  from  the  feeling  of 
individuality,  which  leads  many  manufacturers  to  hesitate  in 
expending  money  on  research  of  a  comprehensive  kind  and  the 
results  of  which  may  be  available  to  outsiders.  Others  complain 
that  the  growth  of  joint  stock  banks  handicap  enterprise  since 
tliey  are  reluctant  to  advance  money  as  private  banks  used  to 
do,  oil  the  character  and  integrity  of  tlieir  clients,  and  require 
easily  realisable  assets  as  security.  Others,  again,  hold  the 
joint  stock  principle  of  ownership  responsible  for  works  mana- 
gers being  often  men  whose  training  and  experience  is  confined 
to  their  own  industry,  and  who  are  apt  to  resist  proposals  for 
improvement.  It  has  often  been  urged  as  a  fault  of  the 
Government  that  it  has  not  made  grants  to  firms  to  aid 
research,  as  it  has  been  contended  is  often  the  case  in  Ger- 
many. This  complaint,  however,  would  appear  to  be  without 
foundat ioTi,  at  least,  so  far  as  direct  aid  is  concerned,  for  the 
Cornniittee  assert  they  have  only  been  able  to  discover  one 
authenticated  instance  of  a  grant  from  public  funds  in  Ger- 
many to  an  individual  manufariurer  for  research  or  any 
allied  purpose,  though  the  German  government,  as  already 
stated,  frequently  assist  industries  as  a  whole  by  tariffs, 
preferential  railway  and  canal  rates  and  harbour  dues, 
and  most  important  of  all,  by  lavish  expenditure  on  educa- 
tion, especially  of  the  technical  and  higher  commercial  kind, 
and  it  is  to  tliis  that  the  Committee  mainly  point 
as  a  solution  of  our  own  shortcomings.  "  Universities,"  they 
state,  "  can,  and  must  be  the  main  sources  of  research  in  pure 
science,  discoveries  in  which  lie  at  the  root  of  all  technical 
and  practical  applications."   Summing  up  the  conditions  which 


appear  to  be  necessary  to  success,  tlie  Committee  say  that 
these  are,  firstly,  a  largely  increased  supply  of  competent 
researchers  ；  and  secondly,  a  hearty  spirit  of  co-operation  among 
men  of  science,  men  of  business,  working  men,  professional 
and  scientific  societies,  technical  colleges,  local  authorities  and 
Government  departments,  and  that  neither  condition  will  be 
effective  without  the  other.  The  first  condition  cannot  be 
secured  rapidly  for  the  simple  reason  that  research  workers 
are  few,  and  that  in  any  case  time  is  essential  to  create  a 
supply.  Scholarships  may  do  something  to  attract,  but  in 
any  case  their  training  is  a  slow  process,  and  it  is  not  so  much 
to  a  small  brilliant  group  as  to  a  well-organised  army  of 
workers  that  success  must  be  looked  for.  The  rank  and  file 
are  as  necessary  as  a  general  staff,  and  the  mediocre  as  well  as 
brilliant  ability  must  be  co-ordinated.  The  responsibility  in 
a  word  for  the  defective  position  in  which  British  industry 
in  many  directions  will  find  itself  in  competition  after  the 
war  must  rest  witli  the  educational  departments  of  the  United 
Kingdom.  A  sufficient  number  of  competent  candi- 
dates for  research  work  cannot  be  forthcoming  until  a  larger 
number  of  well-educated  students  enter  the  universities,  and 
to  reap  their  efforts  eventually  greater  co-operation  in 
the  directions  indicated  must  be  made.  The  particular  diffi- 
culties in  the  day-to-day  routine  of  manufacture,  the  possi- 
bility of  improving  processes,  diminishing  cost  of  working, 
enlarging  output,  or  enhancing  quality,  are  matters  which 
individual  firms  must  attack  themselves,  and,  doubtless,  will 
attack  successfully  when  they  realise  at  its  proper  value  the 
application  of  science  to  their  particular  trade.  Greater 
co-operative  effort,  however,  is  the  mainspring  from  which 
fundamental  research  must  emanate.  It  in  list,  however,  be  not 
only  co-operative,  but  continuous,  and  when  finally 
" it  is  devoted  to  the  support  of  national  trade  institutes  for 
research,  as  well  as  to  improvement  of  the  conditions  and 
efficiency  of  labour,  the  country  will  have  gone  far  towards 
establishing  its  industrial  prosperity  on  a  firm  basis."  Igno- 
rance, in  a  word,  is  the  main  source  of  the  deficiencies  and 
shortcomings  in  our  technical  industries  ；  ignorance  not  so 
much  in  the  lower  ranks  of  the  army  of  workers  as  amongst 
the  staff  officers,  and  education —— above  all  scientific  and 
technical  education —— the  only  effective  remedy. 


RESTRICTIONS  ON  USE  OF  ALUMINIUM. 

The  Secretary  of  the  Ministry  of  Munitions  forwards 
the  following :  In  pursuance  of  the  powers  conferred 
on  him  by  Regulation  30a  of  the  Defence  of  the 
Realm  (Consolidation)  Regulations,  1914,  the  Minister 
of  Munitions  hereby  orders  that  the  war  material  to  which 
the  Regulations  apply  shall  include  war  material  of 
the  following  classes  and  descriptions,  namely,  aluminium 
and  alloys  of  aluminium,  unwrouglit  and  partly  wrought, 
including  ingots,  notched  bars,  slabs,  billets,  bars, 
rods,  tubes,  wire,  strand,  cable,  plates,  sheets,  circles,  strip, 
granulated  alurnitiium,  aluminium  powder,  "  bronze,"  "  flake/' 
and  ('  flitter/'  The  Order,  dated  December  7th,  1915,  pub- 
lished in  the  "  London  Gazette  ，，  of  the  same  date,  relating  to 
all  kinds  of  aluminium  and  alumina,  is  hereby  cancelled.  All 
applications  for  a  permit  in  connection  with  the  above  Ordep 
should  be  addressed  to  the  Director  of  Materials,  Ministry  of 
Munitions,  Armament  Buildings,  Whitehall  Place,  S.W. 


Fluxes  for  Brass. ― According  to  Mr.  H.  L.  Reason,  in  a 
paper  presented  before  the  London  Association  of  Foremen 
Engineers,  fluxes  are  not  used  to  a  very  large  extent  in  brass 
foundries  ；  it  all  depends  upon  the  class  of  metal  used.  For 
yellow  brass  with  large  percentages  of  scrap,  ordinary  common 
washing  soda  is  very  beneficial.  For  bronzes  phosphorus  is  the 
best  flux.  In  tlie  case  of  castings  that  are  difficult  to  make 
sound  owing  to  shape  or  unequal  tliickness,  a  small  addition 
of  phosphorus  is  a  decided  help.  It  gives  a  homogeneous  and 
non-porous  casting.  The  phosphorus  neutralises  and  deo- 
dorises the  nascent  oxides  which  are  nearly  always  present  in 
molten  metals,  increases  the  clieniical  activity,  and  holds  the 
mixture  in  a 】iigh  state  of  fluidity,  which  enables  the  gases 
to  escape.  Otherwise  these  would  form  bubbles  in  tlie  cast- 
ing. The  best  way  to  add  phosphorus  is  in  the  form  of  phos- 
phor copper  or  phosphor  tin. 
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1  Aa  corrected  to  215lbs.  per  s(i.  in.  or  15'1  Kk.  per  sq.  cm.  a 

periods  are  all  dependent  on  load  factors,  diversity  factors, 
&c.，  which  present  a  new  problem  for  every  installation. 

Without  detailing  at  length  the  considerations  which  led 
to  tlie  selection  of  three  30,000  kw.  units  for  the  74th  Street 
Station  of  the  Interborough  Rapid  Transit  Company,  a  brief 
summation  of  the  main  questions  involved  will  possibly  be 
of  interest  and  serve  to  classify  the  installation  properly.  The 
prospective  daily  plant  load,  as  was  subsequently  demon- 
strated, could  be  best  provided  for  by  units  of  30,000  kw. 
maximum  continuous  capacity  each.  At  that  time  there  was 
assurance  that  machines  of  this  capacity  could  be  constructed 
and  furthermore,  by  the  employment  of  the  two-speed  com- 
pound principle,  as  described  more  fully  hereinafter,  no  hazards 
were  involved,  nor  in  fact  would  thei'e  be  any  departure  from 
well  tried  principles  of  construction.  Ample  steam  supply 
was  available  by  reason  of  the  development  in  the  matter 
of  relative  boiler  capacity  coincident  with  the  increase  in 
efficiency  of  prime  movers  since  the  original  construction  of 
the  plant  in  1902.      Economic  considerations  warranted  the 

*  Abstract  of  paper  presented  at  the  May,  1916,  meeting  of  the  New  York  local 
section  of  the  American  Society  of  Mechanical  Engineers. 


；. press.  ；  120。  F.  (66'6。  C.)，  superheat;  29in.  Hg.  (736  6  mm.). 

avoiding  congestion  due  to  the  high  specific  volume  of  the 
steam  at  one  inch  absolute  exhaust  pressure  by  the  use  of  tlie 
lower  speed,  longer  blades,  and  the  double-flow  principle. 
Reliability  also  seemed  better  served  in  the  double  element 
machine  by  the  shorter  shaft,  and  the  reduction  of  danger 
from  temperature  strains.  Furthermore,  there  was  the  possi- 
bility, in  an  emergency,  of  operating  either  element  of  the 
unit  alone,  and  that  at  a  fairly  high  efficiency,  the  low- 
pressure  element  being  available  for  service  simply  by  the  use 
of  a  by-pass.  The  use  of  the  higli-pressure  end  alone  in  the 
case  of  a  bad  breakdown  on  the  low-pi'essiu'e  end  was  to  be 
obtained  by  removing  the  low-pressure  rotor  and  closing  the 
shaft  openings  with  special  covers. 

An  extremely  important  consideration,  favouring  the 
divided  unit  in  this  particular  case,  was  the  matter  of  the 
weight  of  the  parts  to  be  handled  by  the  crane  which,  in  the 
case  of  the  single  unit,  involved  provision  for  additional  crane 
capacity  beyond  that  then  available  at  the  plant.  To  take 
care  of  such  additional  requirements  would  have  necessitated 
the  installation  not  only  of  a  new  crane,  but  reinforcements 
of  the  steel  work  of  a  most  elaborate  nature  aud  far  in  excess 


EFFICIENCY  TESTS  OF  A  30,000  KW,  CROSS-COMPOUND 
STEAM  TURBINE.* 

BY  II,  (；.  STO'r  r  AN  l>   \V.  S.  FINLAY,  JUN. 

Tii  K  det  ermining  hu'tors  in  t  lie  selection  of  power  general  iiig 
0(|vui)nieiit,  either  for  an  original  installation  or  replace- 
ment purposes,  present  about  as  many  variables  as  there  are 
i list  ill lat  ions.  Engineering  experience  has  pract  ically  stan- 
(.lardised  the  electrical  end.  The  steam  engine,  on  the  other 
hand,  does  not  seem  to  have  been  capable  of  such  standardi- 
sation, as  engineers  are  not  agreed  as  to  the  most  desirable 
superheat,  pressure,  &c.，  which  must  be  considered  both  from 
the  standpoint  of  reliability  and  boiler  and  engine  economy. 
This  thought  is  more  than  ever  pertinent  at  this  time,  as  it 
appears  that  we  are  on  the  eve  of  the  employment  of  higher 
pressures  and  perhaps  even  new  systems  of  power  generation. 
Further,  the  capacity  of  the  machine  to  be  selected  and  the 
relation  of  point  of  best  steam  consiunption  to  maximum  con- 
tinuous load  and  provision  for  heavy  overloads  for  limited 


witlulruwul  ol'  t-lui  liorizonlal  verticul  山, i 山 le  ross  (； orri pound 
(Mi<riiie-generaior  sets  installed  at  iUnl  t  ime,  and  t  licir  replace 
ment  by  more  effideut,  ami  larger  uiiitH.  The  generally 
accepted  essential  rociuirerneiils  of  a  railroad  plaiil.  were  ilie 
next  considerations,  viz.  :   reliability,  eflicnency,  and  cost. 

In  the  development  of  turbine  design,  at  the  iiine  the  instal- 
lation was  being  considered,  possibly  the  simplest  type  of 
machine  in  many  ways  was  the  siiigle-Hlial't,  single  roLaiiiig 
element  turbine  as  a  natural  outgrowth  of  tlie  generally 
accepted  type  developed  in  smaller  capacities.  Certain  struc- 
tural features,  however,  inherent  wit  li  the  larger  capacity 
tended  to  favour  the  division  of  the  unit  into  two  elements. 

In  a  steam  turbine,  maximum  centrifugal  stresses  are  en- 
countered at  the  exhaust  end,  where  the  greatest  steam  volume 
requires  the  greatest  blade  area.  In  the  liigh-pressure 
blading  which  uses  steam  of  small  specific  volume,  the  best 
velocity  ratio  conducive  to  high  economy  cannot  be  met  by 
tlie  rotative  speed  as  determined  by  the  exhaust  end.  To 
avoid  a  compromise,  the  conditions  are  more  readily  satisfied 
by  carrying  out  the  expansion  in  Lwo  separate  elements,  and 
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of  that  required  for  use  in  coniiection  with  t he  double  unit. 
In  the  matter  of  efficiency  the  double  unit  oirered  still  more 
desirable  possibilities,  j)ronunent  among  which  was  the  relative 
flatness  of  its  water  rate  characteristic.  Without  entering 
into  the  matter  of  cost  in  this  particular  case,  it  may  be  said 
t hat  the  advantage  was  again  with  the  double  unit. 

As  a  result  of  such  considerations  as  the  foregoing,  the 
double-unit  turbines  were  selected,  together  with  condensing 
equipment  designed  to  perform  at  a  relatively  high  rate  of 
efficiency,  and  including  the  necessary  auxiliary  apparatus. 
The  high-pressure  element  is  practically  a  typical  single- 
cylinder  reaction  turbine,  containing  38  rows  of  blades.  The 
low-])ressure-eleinent  is  a  turbine  of  the  double-flow  type.  The 
casing  is  possibly  unusual  in  its  size  and  details  of  reinforce- 
ment. No  blading  is  mounted  directly  in  the  casing,  but 
t  hrough  the  intermediary  of  rings  secured  to  it.  The  central 
portion  of  the  low-pressure  rotor  consists  of  a  drum  to  which 
are  bolted  two  cast-steel  shaft  ends.  These  shaft  ends  have 
discs  mounted  upon  them,  carrying  the  last  rows  of  blades. 
Each  turbine  was  erected  upon  a  foundation  of  steel  frain e- 
work  set  in  concrete,  the  steel  structure  alone  being  amply 
sufficient  for  support,  the  concrete  being  added  to  eliminate 
vibration.  Inasmuch  as  the  high-pressure  rotor  was  in- 
herently of  small  diameter,  it  was  possible  to  design  it  to 
operate  at  the  maximum  speed  possible  for  25  cycle  service, 
i.e.,  1,500  revs,  per  minute.  The  low  pressure  turbine  was 
designed  for  the  next  lower  synchronous  speed,  namely, 
750  revs,  per  minute,  utilising  a  four-pole  generator. 

The  surface  condensers  which  occupy  most  of  the  open 
space  beneath  the  foundation  framework  consist  each  of  two 
shells  containing  25,000  sq.  ft.  of  coudeiising  surface  apiece. 
The  condenser  shells  are  connected  directly  to  the  turbine 
outlets  without  an  intermediate  expansion  joint.  The  weight 
of  the  condensers  is  carried  by  means  of  lugs,  cast  as  a  part 
of  the  shell,  resting  upon  a  number  of  spring  jacks,  which 
are  adjusted  to  carry  the  load  without  appreciable  strain  upon 
the  turbine  exhaust  nozzles.  Practically  no  restraint  has 
been  put  upon  longitudinal  expansion  of  the  low-jn'essm'e 
turbine  by  the  circulating  water  piping,  which  is  fitted  with 
rubber  expansion  joints.  There  is  one  expansion  joint  of 
copper  in  the  steam  equalising  pipe  between  the  shells. 

The  condenser  auxiliaries  were  selected  and  installed  with 
the  prime  factor  of  reliability  continually  in  mind.  The 
turbine-driven  tri-rotor  circulating  puin ps  of  37,500  galls,  per 
minute  capacity  each  were  installed  in  duplicate,  the  relia- 
bility consideration  being  augmented  by  one  of  efficiency  in 
the  mat  ter  of  relative  requirements  for  winter  and  summer 
use  ；  during  the  winter  months  with  cold  water  one  pump  is 
sufficient,  but  during  the  summer  months  high  water  tempera- 
tures necessitating  two  units  in  service.  The  hot  well  pumps 
were  also  installed  in  duplicate.  A  single  rotary  dry  vacuum 
purn p  was  provided  for  each  unit,  with  sufficient  capacity  to 
handle  the  dry  air  from  two  units,  cross  connections  being 
provided  for  the  purpose. 

The  turbines  are  equipped  with  water-sealed  glands.  The 
gland  water  system  has  a  small  centrifugal  turbine-driven 
pump  for  each  unit,  the  piping  for  all  of  which  is  cross  con- 
nected through  a  common  header.  The  water  used  for  the 
turbine  oil  coolers  returns  the  heat  which  is  thus  regained 
by  way  of  the  feed-water  heaters. 

The  exliaust  from  the  auxiliaries  has  been  carried  into  the 
feecl-water  heaters,  which  operate  at  low  pressure.  The 
shortage  or  excess  of  heat  in  this  heater  system,  as  the  case 
may  be,  is  compensated  for  or  utilised  by  ineans  of  heat 
balance  valves  operating  between  the  auxiliary  exhaust  lines, 
and  the  receivers  bet  ween  the  turbine  elements. 

For  test  purposes  one  unit  was  selected  as  representative 
of  the  installation.  Tests  were  made  upon  this  unit  by  the 
use  of  standard  methods,  special  provisions  being  taken  to 
secure  accuracy,  some  of  which  are  detailed  below. 

High  steam  pressures  were  observed  by  the  use  of  gauges, 
in  duplicate  where  of  importance,  such  gauges  being  calibrated 
l)efore  and  after  each  test.  Temperatures  were  observed  by 
carefully  calibrated  t  liennometers,  immersed  in  iron  pipe  wells, 
filled  wit  li  mercury  or  oil,  depending  upon  condit  ions.  Wells 
were  of  ample  depth  and  correction  was  made  for  immersion. 
Low  pressures  were  observed  by  tlie  use  of  mercury  mono- 
meters.  Vacuum  readings  were  made  by  the  use  of  mercury 
rolumns  provided  with  a  vernier  reading  to  了^  of  an  inch. 
The  mercury  in  these  columns  was   regularly   cleaned,  and 


its  specific  gravity  determined  before  and  after  test  series, 
ami  corrections  made  accordingly.  Temperature  corrections 
on  mercury  columns  were  provided  for  by  the  use  of  thermo- 
meters set  in  each  column  casing  and  additional  corrections 
were  made  for  specific  gravity,  meniscus  and  barometer  read- 
ing. The  barometer  used  on  the  test  was  calibrated  by 
reference  to  the  U.  S.  Weather  Bureau. 

The  condensate  was  weighed  in  tanks  mounted  upon  two 
carefully  calibrated  platform  scales.  Platform  scales  were 
also  used  to  measure  drips  and  leakage.  The  unit  was 
isolated  so  far  as  water  and  steam  outlets  were  concerned.  The 
large  atmospheric  relief  valve  necessarily  remaining  con- 
nected to  the  exhaust  system  was  water  sealed,  the  seal  being 
kept  under  continual  observation  by  means  of  a  window  in  the 
valve  cover,  and  interior  illumination  by  electric  light. 

Tlie  unit  output  was  obtained  by  means  of  three  single- 
phase  rotating  standard  watt-hour  meters,  one  connected  to 
each  phase.  These  watt-hour  meters  were  calibrated  before 
and  after  the  test  series,  which  calibration  included  the  cur- 
rent and  potential  transformers  and  showed  no  variation  in 
excess  of  0  2  per  cent. 

Each  test  was  of  three  hours'  duration  with  about  a  half 
hour  preliminary  operation  under  test  conditions.  The  load 
was  controlled  from  the  switchboard,  the  turbine  operating 
upon  the  governor  with  hand  throttle  wide  open.  This  sub- 
jected the  turbine  to  the  full  swings  of  the  railroad  load,  as 
observed  by  means  of  a  graphic  wattmeter,  which  furnished 
an  interesting  index  of  such  load  variations.  At  light  loads 
these  variations  were  more  pronounced,  approximating  fre- 
quently 5,000  kw.  either  side  of  the  average.  A  variation  of 
10,000  kw.  total  in  half  a  minute  was  not  uncommon, 
especially  on  loads  of  16,000，  18,000,  and  20,000  kilowatts. 

The  results  of  the  tests  are  summarised  in  Table  I.  In 
conducting  these  tests,  naturally  every  effort  was  made  to 
maintain  certain  standard  conditions  under  which  guarantees 
had  been  given,  and  the  test  results  as  tabulated  have  been 
corrected  to  such  standards.  These  standards  represent  what 
is  probably  the  average  of  operating  service. 

Table  II. —— (，omh'n'sf^r  Test,  S、umma t' y  of  Results, 


Pressure  at  throttle,  absolute 

Temperature  at  throttle . . . . 

Superheat   

Load,  average  kw  

Exhaust  vacuuiu  

Exhaust  pressure,  absolute 
('("■responding  temperature  . 
Mean  temperature  difference 

(Log.)  

Heat  transferred  per  hour  . . 


Heat   transferred  per 
surface  pt^r  hour  . . . . 


H e at  t ra n sfe rred  per  unit 
surface  per  hour  per  deg. 
M.T.D  


Air  leakage  p?r  mi  lute  ... . 

Condensate  per  hour  

Temperature  of  hot-well 

water   

Temperatuiv  of  intake  water 
Temperature    of  discharge 

water   

Rise   

('irculatcd  water  per  iiiinutr 


2201 bs.  per  square  inch 

487-。  Fah. 
97°  Fah. 
31,233 
28.(ilin.  hg. 
1.39in.  hg. 
8f».4。  Fah. 

12.9°  Fah. 
31(i,00(M)()0  B.T.U. 


6,330  B.T.U.  per  sq. 
foot. 


490  B.T.U.  per  square 

foot. 
10-88  cub.  ft. 
357,06Ulbs. 

86。  Fah. 
7(»-8°Fah. 

80-9°  Fah. 
10.  r  Fah. 
(U,700  gulls. 


15*466  kg.  per  square 

cm. 
252.8°  C. 
54°  C. 

726-69  mm.  hg. 
35.31  mm.  hg. 
31.9°  C. 

7.17°  C. 

79,632,()()()  large  calo- 


17,150  large  calories 
per  square  metre. 


2,390    large  calories 

per  square  metre. 
478  cub.  dm. 
161,962  kg. 

30°  C. 
21.5°  C. 

27*2°  C. 
5.7。  G. 
243,890  litres. 


A  number  of  tests  were  made  upon  the  condensers  and 
auxiliaries,  separate  and  individual  guarantees  having  been 
made  upon  the  condenser  proper,  circulating  pumps,  dry 
vacuum  pumps,  and  hot- well  pumps.  Publication  of  the  test 
data  upon  the  pumps  would  simply  show  good  efficient  per- 
formance witliout  unusual  features.  The  results  of  the  tests 
upon  the  condenser  having  been  given,  however,  simply  as  a 
matter  of  information  and  interest  in  connection  with  the  in- 
stallation as  a  whole.  The  guarantees  were  based  upon 
operation  under  maximum  load,  viz.,  about  32,000  kw.,  and 
the  test  was  made  with  the  turbine  carrying  as  near  that  load 
as  was  possible.  The  duration  of  this  test  was  three  hours, 
the  ])ieliiiiinary  operation  under  test  conditions,  half  an 
hour.     The  results    are    shown    in    Table  II.      No  correc- 
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t  ions  wt"v  iiiiulo  in  this  "、st，  as  oporat  iug  coiulil  iotis  approxi 
iiialoti  t  lio  ii'uarant (hhI  t'oiidit ions  very  closely,  with  t he  excep- 
t  ion  t  lull  air  loakjio;e  was  high.  The  t  ests  were  made  very 
shortly  after  the  installation  of  the  machine  and  little  oppor- 
{ unity  had  been  given  under  operating  re(juiremeiits  ^)roperly 
|{)  eliminate  this  leakage,  wliich  lias  since  heon  done.  A 
peruKineiit  ^asonieter  lias  recently  been  installed  in  connection 
wit  li  each  unit,  in  order  to  observe  air  leakage  nt  regular 
intervals  aiul  aid  in  its  eliinination. 

Summarising  the  result  s  of  t  hese  tests  it  may  ho,  said  t  hat 
t  he  performance  in  tlie  case  of  both  turbine  ami  coiKleiisor 
showed  higher  efficiencies  than  was  guaranteed  uiuler  con- 
tract, and  the  installation  lias  proven  to  be  tliorouglily  satis- 
factory in  every  particular,  liaving  fully  realised  the  considera- 
tions which  governed  its  selection. 


LIQUID  FUEL  BURNER. 

A  nu)vi:l  design  of  liquid  fuel  burner  recently  patented  by 
Mr.  C.  Turcoiii,  No.  22,  Strada  Dr.  Kaliiieru,  Bucarest, 
Rumania,  is  shown  in  the  accompanying  cuts.  The  apparatus 
is  distinguished  from  other  designs  by  the  feature  that  the 
liquid  fuel  is  mixed  in  a  perfect  manner  with  the  sup- 
plied steam  or  compressed  air,  even  when  these  auxiliary 
mediums  are  supplied  only  at  a  low  pressure.  Fig.  1  is  a 
vertical,  longitudinal  section  of  tlie  burner  :  Fig.  2  is  a  hori- 


IjIqittp  Fukl  Bukner. 


zontal  section  ；  Fig.  3  is  a  front  end  elevation  ；  and  Fig.  4  is  a 
cross-section  thereof. 

The  parts  A  and  B  are  cast  in  one  piece  in  gunmetal,  and 
there  is  arranged  between  them  a  plate  C  of  iron  or  steel,  the 
forward  end  of  which  is  cut  in  the  form  of  teeth  which  are 
alternately  bent  up  and  down.  The  plate  C  is  formed  with  an 
aperture  D  at  the  place  where  the  fuel  and  the  steam  jet  meet. 
A  certain  amount  of  steam  from  the  steam  jet  in  the  passage 
E  passes  through  the  aperture  D  into  the  passage  F  and 
mingles  with  the  fuel.  Inversely,  a  certain  amount  of  fuel 
drips  from  the  passage  F  into  the  passage  E  wherein  it. 
becomes  mixed  with  the  steam.  For  the  purpose  of  enabling 
the  fuel  to  flow  off  more  readily  into  the  passage  E，  the  edge 
G  of  the  plate  C  is  provided  with  two  or  more  downwardly 
bent  teeth  H. 

The  consequence  is  that  the  mixing  together  of 
the  two  mediums  takes  place  not  only  at  the  surface  of  the 
steam  jet,  but  almost  throiig^hout  its  entire  cross-section.  The 
lower  portion  of  the  steam  jet  is  intended  to  convey  the  fuel 
mixture  into  the  interior  of  the  hearth  at  the  place  of  com- 
bustion, and  therefore  its  initial  velocity  must  be  maintained 
as  much  as  possible.  A  device  composed  of  teeth  J  and  K  is 
provided  for  the  purpose  of  effecting  a  complete  and  intimate 
mixture  of  the  fuel  and  steam,  that'  is  to  say,  for  the  purpose 
of  spraying  the  two  Tnediurns  siniultaneously.  The  two 
mediums  already  mixed  together  are  projected  by  the  force  of 
the  steam  jet  against  the  teeth  J  and  K,  whereby  the  mediums 
are  sprayed  at  those  points  so  finely  that  the  mixture  will 
bu ni  witli  extreme  ease  and  without  the  alighlesi  i  race  of 
smoke,  with  the  result,  it  is  claimed,  that  a  hitherto 
uiiattained  efficiency  is  realised. 


SOME  ELECTRICAL  TROUBLES  AND  THEIR  REMEDIES.^ 

liY  THOS.  ANDKUHON. 

Faii  'UiiES  ill  electrical  apparatus  frequently  ref|uiio  a  ^ood 
deal  of  pel  severance  on  the  part  of  the  invesiit^aior  to  locnia 
them,  hut  an  ouisiandiiitr  fact  about  them  is  that  tliere  is 
always  a  cause,  however  obscure  it  may  be.  The  following  are 
a  few  cases  of  electrical  faults  which  have  come  to  the 
writer's  notice,  and  which  at  the  time  seemed  to  have  per- 
plexing features. 

(1)  The  lirst  occuiTecl  in  a  LH)0-y;ird  length  of  three-core, 
paper-insulated,  lead- covered,  3，000-volt  cable,  which  ran  over- 
head from  a  power-house  to  a  transmission  pole,  and  thereafter 
on  bare  conductors  to  a  sub-station  at  a  iniiie  about  a  mile 
distant.  During  the  early  part  of  the  day,  when  this  particu- 
lar mine  was  going  full  swing,  the  circuit-breaker  in  the  power- 
house opened.  The  station  attendant  was*  informed  from  the 
mine  end  that  everything  seemed  all  right  there,  and  feeder 
switches  were  all  open  ready  for  the  current  coming  on  again. 
The  power-house  breaker  was  closed,  when  the  same  thing 
happened  again,  so  it  was  evident  that  the  fault  was  some- 
where on  the  transmission  line,  and  the  most  probable  place  in 
this  three-core  cable. 

The  cable  was  immediately  disconnected  from  the  line,  and 
tested  with  a  l，000-volt  megger  for  insulation  between  phases 
and  between  phases  and  ground.  The  insulation  between 
phases  A  and  B  was  fairly  good,  but  between  B  and  C  the 
reading  was  zero,  and  insulation  between  all  phases  and  ground 
quite  good.  It  was  therefore  evident  that  a  short  existed 
between  pliases  B  and  C.  The  trifurcating  boxes  at  either 
end  of  the  cable  were  then  opened,  the  bitumen  cleaned  out, 
and  the  joints  examined  without  any  fault  being  discovered. 
Now  as  this  cable  had  been  in  service  for  a  few  weeks  only, 
and  it  was  a  matter  of  importance  that  the  mine  should  be 
kept  idle  as  short  a  time  as  possible,  it  was  decided  to  discon- 
uect  it  from  the  system  altogether,  and  replace  it  with  three 
separate  conductors.  This  was  promptly  done,  and  the  mine 
was  again  got  under  way. 

The  firm  who  supplied  and  erected  the  cable  were  informed 
as  to  what  had  happened  and  requested  to  send  some  one  to 
locate  the  fault,  but  before  the  representatives  of  the  firm 
arrived  the  cable  was  connected  to  a  spare  400-volt  generator 
through  a  three-pole  switch  and  fuses  to  ascertain  at  wliat 
voltage  the  insulation  would  actually  break  down.  The  gene- 
rator was  allowed  to  build  up  very  slowly  till  it  had  attained 
nearly  500  volts,  and  yet,  strange  to  say,  nothing  happened. 
The  cable  was  again  disconnected  and  tested  with  the  megger, 
and  still  showed  a  short-circuit  between  phases  B  and  C. 

Nothing  more  was  done  for  a  few  days,  when  the  firm's  men 
arrived  with  a  complete  testing  set.  They  were  given  all  the 
particulars  of  the  case,  and  at  once  set  to  work  to  locate  the 
position  of  the  fault.  Their  efforts,  however,  were  not  very 
successful,  as  from  readings  and  calculations  they  reckoned 
there  was  |  meg.  of  insulation  across  what  was  considered  the 
" shorted  "  phase.  They  requested  that  the  cable  should  be 
connected  up  to  the  3,000-volt  mains  and  tried.  This  was 
done  and  the  circuit-breaker  closed,  and  again  it  promptly 
opened.  After  working  the  better  part  of  a  day  it  was  decided 
to  try  and  burn  the  fault  out,  so  that  it  would  show  itself. 
The  cable  was  connected  to  a  high-tension  side  of  a  spare 
transformer  with  a  fairly  heavy  copper  fuse  in  circuit.  A  man 
was  posted  up  a  pole  at  the  far  end  of  the  cable,  to  watch  for 
any  smoke.  The  switch  was  closed  on  the  transformer,  the 
copper  fuse  burst,  and  at  the  same  time  a  hole  was  blown 
through  both  lead  and  iron  armour  of  the  cable  about  10ft. 
from  the  end.  It  was  assumed  that,  in  the  making  of  the 
joints  in  the  trifurcating  box  moisture  had  got  in  and  crept 
along  the  paper  insulation  to  the  point  at  whicli  it  broke 
down. 

(2)  The  second  case  was  that  of  a  small  squirrel-cage 
induction  motor  driving  a  water  pump.  This  is  a  case  of  a 
motor  running  considerably  below  speed .  For  some  time 
before  the  matter  was  reported  the  attendant  had  noticed  that 
it  took  a  much  longer  time  than  formerly  to  pump  a  given 
amount  of  water.  An  examination  of  the  motor  windings  was 
made  for  had  or  wrong  connections,  or  shorted  coils,  but  no 
fault   was   discovered   there.       The  voltage   at   the  motor 
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terminals  was  tried,  but  that  also  was  normal.  An  ammeter 
was  })ut  in  circuit  to  see  if  overload  had  anything  to  do  with 
it,  but  the  current  was  actually  less  than  one  would  have 
expected  it  to  be. 

The  motor  was  theu  disconnected  from  the  puiiip  alto- 
gether, and  run  up  alone.  It  came  up  to  its  normal  speed 
quite  nicely,  but  on  taking  hold  of  the  projecting  end  of  tlie 
rotor  shaft ,  with  both  hands,  it  could  be  brought  nearly  to  a 
standstill.  A  rotor  from  a  similar  motor  was  theu  put  in  and 
tried  on  load,  and  it  ran  up  to  and  maintained  its  normal 
speed  quite  easily.  It  was  therefore  evident  that  the  fault  lay 
in  the  rotor  circuit.  The  rotor  bars  were  disconnected  from 
the  short-circuiting  rings,  when  it  was  discovered  that  a  light 
film  of  oil  and  dirt  had  collected  between  the  bars  and  the 
rings,  thus  setting  up  a  fairly  high  resistance  in  the  secondary 
circuit,  which  could  easily  account  for  the  reduction  of  speed 
on  load.  Both  rings  and  bars  were  thoroughly  cleaned,  the 
rotor  put  in  place,  the  motor  put  in  service  again,  and  no 
further  trouble  was  experienced  with  it. 

(3)  The  third  trouble  was  an  unbalanced  current  in  a 
3-phase  mesh-connected  motor.  This  motor  was  apparently 
operating  quite  satisfactorily,  no  trouble  being  experienced  in 
the  starting  or  running  of  it,  but  on  taking  current  readings 
of  each  phase  it  was  found  that  no  two  phases  were  taking  the 
same  current,  one  phase  being  just  about  right,  the  other  two 
considerably  higher  than  they  ought  to  have  been,  both  on 
no  load  and  full  load.  A  short  time  previous  to  this  being 
noticed,  this  motor  had  been  off  for  repairs,  a  few  new  stator 
coils  having  been  put  in.  It  was  thought  just  possible  that 
one  coil  of  a  group  might  have  been  wrongly  connected  in  two 
of  the  phases.  This  was  tested  for  by  opening  one  leg  of  the 
mesh  and  bending  a  direct  current  round  the  stator  windings 
and  testing  all  round  the  core  with  a  compass  for  correct 
polarity.  This  was  found  to  be  quite  right,  the  compass 
showing  N.  and  S.  poles  alternately  all  round  the  stator 
windings. 

Since  it  had  been  proved  that  no  open-circuits  existed,  the 
next  step  was  to  test  for  short-circuits  between  the  turns  of 
any  individual  coils.  For  this  a  shunt  ammeter  was  used.  A 
steady  current  of  a  few  amperes  was  sent  round  one  complete 
group,  and  tlie  drop  read  off  on  the  shunt,  this  being  taken  as 
a  standard  for  all  the  rest.  Eventually  it  was  found  that 
two  of  the  groups  gave  a  smaller  deflection  on  the  shunt  than 
the  others,  and  also  that  these  two  groups  were  in  different 
phases.  Each  coil  in  these  two  groups  was  then  tested  in  the 
same  manner,  and  a  damaged  coil  was  found  in  each.  In  one 
of  them  the  insulation  was  completely  broken  down,  the  turns 
being  well  burnt  together,  in  the  other  quite  a  number  of 
turns  were  found  to  be  short-circuited.  That  this  was  the 
cause  of  the  unbalanced  currents  was  proved  when,  after 
removing  the  damaged  coils  and  inserting  new  ones,  the  motor 
was  put  on  load  ；  the  current  readings  on  all  three  phases  were 
practically  identical. 

While  on  the  subject  of  unbalanced  currents,  the  writer 
remembers  reading  an  article  which  pointed  out  that  circulat- 
ing currents  between  generators  in  parallel  may  result  from  a 
variety  of  causes,  chief  among  which  is  a  tendeiicy  toward 
unequal  generator  speed,  the  latter  resulting  from  slipping  or 
bad  joints  in  belts,  difference  in  pulley  diameters,  angular 
variations  in  prime  movers,  or  faulty  engine  governors.  There 
are  other  less  frequent  causes  which  are  sometimes  difficult  to 
discover.  Quite  recently  t  here  happened  a  case  of  this  latter 
kind  whidi  is  of  particular  interest,  not  only  because  of  the 
unusual  and  perplexing  cause  of  the  trouble,  but  because  of 
the  liability  of  its  happening  wherever  similar  conditions 
prevail. 

Two  150-kw.  2-phase  alternators  of  the  revolving-armature 
type  were  reported  as  indicating  on  the  ammeters  a  quiet, 
steady  current  of  about  half-load  on  each  machine  when  run 
in  parallel  without  any  load  connected  to  the  bus-bars,  but 
when  either  machine  alone  was  run  in  parallel  with  an 
incominc^  power  line,  which  came  in  through  transformers,  no 
such  effect  ('(jul(l  })e  seen.  The  trouble  was  said  to  date  back 
but  a  short  period  to  when  one  of  the  general  ors  had  a  iiurnbei* 
of  armature  coils  replaced.  Sul)seqiient  to  these  repairs  an 
increase  of  station  load  required  the  operation  of  both  gene- 
rators. The  evidence  of  unbalanced  ciixuilatiiig  currents 
seemed  to  be  very  strong  and  roiivinciiig,  and  therefore  an 
examination  of  the  offending  rnac'liine  was  immediately  made. 
The  armature  winding  was  of  the  closed-eoil  type  with  taps 


brought  out  mechanically  and  electrically  at  points  £0。  apart. 
The  winding  and  connections  were  traced  out  and  checked 
several  times,  and  proved  to  be  absolutely  correct  and  precisely 
like  those  of  the  other  generator,  so  it  was  obvious  that  what- 
ever was  causing  the  trouble  the  repaired  armature  coils  were 
surely  not  responsible,  and  therefore  this  clue,  which  at  first 
was  so  promising,  had  to  be  abandoned. 

Tests  were  made  to  eliminate  all  the  usual  causes  of  cir- 
culating current,  such  as  slipping  of  belts,  (fee ！.，  but  in  these 
respects  everything  was  found  normal  and  in  good  condition. 
Voltages  on  the  phases  of  both  machines  registered  alike. 
Circulating  current  or  a  phantom  load,  such  as  was  observed 
in  this  plant,  can  be  produced  with  two  alternators  in  parallel, 
when  the  field  of  one  unit  is  under  or  over-excited^  the  proper 
adjustment  being  reached  when,  upon  manipulating  the  field 
rheostats,  without  altering  the  bus- bar  voltage,  the  total  gene- 
rator amperes  are  at  a  inininium,  but  here  no  field  adjustment 
could  be  found  which  would  reduce  the  apparent  load.  Both 
of  the  generators  were  of  the  compensator  type  in  which  an 
induced  current  proportional  to  that  in  the  main  leads  is 
rectified  by  a  commutator  and  circulated  round  the  fields,  the 
effect  being  similar  to  that  of  the  compound  winding  of  a 
direct-current  machine.  It  was  believed  that  there  was  a 
possible  chance  for  trouble  here,  although  it  did  not  seem 
likely,  especially  at  no  load.  However,  a  test  was  made  with 
all  the  compensator  circuits  on  both  machines  cut  out,  but  this 
had  not  the  slightest  effect  on  the  trouble. 

The  steadiness  of  the  phantom  load  was  such  as  to  excite 
suspicion  that  some  kind  of  apparatus  might'  be  connected  to 
the  generators  or  bus-bars  unknown  to  the  owners  of  the  plant, 
and  although  repeated  tracing  out  of  leads  and  switchboard 
wiring  revealed  no  such  connections,  in  order  to  make  doubly 
sure  the  lines  of  the  switchboard  were  disconnected,  and  the 
machines  paralleled  through  temporary  wires  straight  from 
one  unit  to  the  other.  After  this  was  done  an  ammeter 
inserted  in  the  circuit  showed  that  the  perplexing  circulating 
current  was  still  present.  Every  attempt  on  the  part  of  the 
investigating  engineer  to  discover  a  solitary  symptom  of  dis- 
order had  failed,  and  as  apparently  all  other  possible  tests  had 
been  made,  saturation  curves  were  taken,  but  these  threw  no 
new  light  on  the  question. 

The  capacity  of  the  plant  was  so  materially  reduced  by  the 
circulating  current  that  the  engineer  was  urged  to  try  again 
to  locate  the  source  of  the  trouble.  Again  taking  up  the 
thread  of  investigation,  and  reflecting  that  an  exchange 
current  between  machines  could  be  caused  only  by  super- 
imposing or  combining  two  voltage  waves  of  unequal  value,  it 
was  evident  that  this  was  what  was  taking  place,  but  from 
some  cause  as  yet  obscure.  Means  for  measuring  or  comparing 
the  waves  of  the  machines  were  lacking  ；  however,  in  the 
absence  of  an  oscillograph,  it  was  finally  decided  to  investigate 
ill  a  somewhat  crude  manner  the  main  and  side  circuits  of 
each  alternator  separately  by  means  of  an  incandescent  lamp 
which,  when  connected  while  the  machine  was  run  slowly, 
would  keep  pace  with  the  alternations  in  brightening  and 
darkening  with  each  wave  of  voltage. 

The  alternations  of  the  machines  were  readily  followed,  and 
in  each  case  the  pulsations  on  both  phases  were  found  to  be 
normal.  However,  upon  connecting  to  a  side  circuit  of  one  of 
the  machines,  I.e.,  to  one  lead  from  each  phase,  a  peculiar 
effect  was  noticed.  Coincident  with  each  revolution  of  the 
armature  the  waves  could  be  seen  to  attain  a  maximum  and 
minimum,  the  intensity  of  the  flashes  ascending  and  descend- 
ing with  each  revolution.  This  indicated  almost  as  clearly  as 
an  oscillograph  could  have  done  that  the  electromotive  force 
in  this  section  of  the  winding  rose  and  fell  at  one  particular 
place  instead  of  being  constant  as  in  the  other  machine.  The 
reason  for  this  irregularity  could  only  be  due  to  lack  of 
uniformity  in  the  strength  of  the  magnetic  flux  around  the 
armature. 

Investigation  as  to  the  cause  of  the  difference  in  field 
strength  developed  tlie  fact  that  the  air  gap  at  the  upper 
portion  of  the  field  was  almost'  twice  as  great  as  at  the  lower 
part,  and  this  was  the  cause  of  the  rise  and  fall  of  potential  in 
the  side  circuits  previously  mentioned.  This  effect,  because  of 
its  being  super-imposed  with  the  voltage  of  the  side  circuits  of 
the  other  machine  whose  potential  did  not  vary,  caused  at 
every  revolution  a  surging  back  and  forward  of  current  in  the 
lines  paralleling  the  machines  which,  however,  at  full  speed, 
registered  on  the  ammeter  as  a  steady  current. 
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The  remedy  was  obvious  ；  steps  were  taken  to  raise  up  the 
bearings  in  order  to  raise  t  lio  armature  to  the  centre  of  the  air 
gaj).  When  this  work  had  been  completed,  both  machines 
were  started  and  paralleled.  That  the  trouble  which  so  long 
had  remained  a  mystery  had  been  found  and  removed  was  now 
apparent,  for  at  no  load  the  aitnneters  did  not.  indicate  any 
current .  The  important  f act  l)i'ought  out  by  this  experience 
was  t hat  circulating  ciirreiit  between  alternators  iu  parallel 
may  result  from  an  unbalanced  air  gap  when  the  machines 
are  of  t  he  closed-coil  t'ype  of  winding. 

(4)  The  next  two  apparently  simple  cases  are  quoted  as 
serving  to  show  the  effect'  whicli  centrifugal  force  may  have 
on  badly-made  connections  on  rotating  apparatus.  A  500  kw. 
alternating-current  generator  had  been  off  for  some  slight 
repairs,  and  was  about  to  be  put  into  service  again.  After 
being  brought  up  to  about  its  normal  speed,  the  voltmeter 
plug  was  inserted  into  its  receptacle,  but  the  meter  failed  to 
give  any  reading.  The  first  thought  that  occurred  was  that 
the  plug  was  failing  to  make  contact.  This  was  examined 
and  found  to  be  in  good  order.  The  meter  itself  was  then 
tested ,  but  that  also  showed  clear.  The  macliine  was  then 
shut  down  and  the  exciter  circuits  tested  for  continuity  and 
insulation.  The  armature  with  its  field  circuit  was  intact',  as 
also  was  the  revolving  field  circuit,  the  insulation  also  being 
perfect.  The  generator  was  again  run  up  to  speed,  but  still 
failed  to  show  any  evidence  of  excitation.  In  testing  out  the 
circuits  for  continuity,  an  electromotive  force  several  times 
the  normal  electromotive  force  of  the  exciter  was  used,  and  as 
there  was  a  possibility  of  this  overcoming  any  weak  parts  in 
the  circuits,  a  low-voltage  incandescent  lamp  was  inserted  in 
series  with  all  the  respective  circuits,  with  the  result  that  the 
fault  could  not  yet  be  located.  There  seemed  little  else  to  be 
tried  for,  unless  centrifugal  force  was  springing-  any  of  the 
field- coil  ends  enough  to  make  them  open-circuit.  This 
ultimately  proved  to  be  the  case,  as  after  opening  up  a  number 
of  them,  one  was  found  on  which  the  insulation  had  a  charred 
apnearance,  and  when  opened  up,  the  sleeve  joining^  up  the  two 
ends  of  the  coils  was  found  to  contain  no  solder  whatever,  and 
could  be  drawn  apart  witli  the  hands.  This  would  seem  to 
point  out  that  field-coil  connections,  when  of  the  revolving^ 
type,  should  have  some  mechanical  fixture,  such  as  screws,  in 
addition  to  the  solder. 

(5)  The  other  trouble  due  to  centrifugal  force  was  of  a 
similar  kind.  A  variable-speed  slip-ring  haulage  motor,  with 
an  eight-point  controller,  was  reported  as  refusing  to  come  up 
to  speed  on  the  short-circuit,  and  tliat  the  ammeter  showed  an 
excessive  current  on  the  last  two  positions  of  the  controller. 
Since  it  was  only  on  the  last  but  one  and  last  notches  of  the 
controller  that  the  fault  showed,  it  was  obvious  that  the 
trouble  lay  either  in  the  controller  circuit  or  in  the  rotor 
windinofs.  The  controller  and  g^ids  were  tested  througli  all 
the  different  points  and  showed  all  clear.  The  rotor  circuit 
was  likewise  tested,  and  it  also  seemed  to  be  intact.  The  end 
connections  joining  up  the  phases  were  then  examined.  These 
end  pieces  were  formed  of  flat'  strips  riveted  and  soldered  on 
f'he  coil  ends.  In  one  of  these  the  rivets  were  found  to  have 
become  loose  :  enough  heat  had  been  2[eiierated  to  melt  thf、 
solder,  and  when  the  motor  reached  a  certain  speed ― and  that 
speed  would  be  attained  on  the  last  notch  but  one  of  the  con- 
troller, the  two  flat  strips  would  spring  apart  far  enough  to 
open-circuit  that  point. 

(6)  Electrical  niachinerv  is  frequently  reported  as  failing 
to  perform  its  work  properly,  when  the  real  difficulty  lies 
entirely  outside  the  apparatus  itself.  One  such  case  happened 
where  a  2-nhase  induction  motor  was  installed  to  operate  a 
vertical  coal  elevator,  re  niacins:  an  old  s^as  eng^ine.  The  new 
motor,  which  was  one  of  the  latest,  t'vpe,  looked  very  proinisiiisr. 
hvi  had  hardly  been  started  rtk]  fhe  conveyor  buckets  filled 
with  ooal  hefore  it  ve  sisfiis  of  distress,  slackened  it's  speed, 
and  stormed.  It,  could  not  be  started  again,  and  finally  the 
purchaser,  impatient  at  the  delay,  threatened  immediate 
reiection  of  the  motor  and  the  installation  of  another  prime 
mover.  An  engineer  was  sent'  for,  who,  on  arrival,  made 
enquiry  as  to  the  voltag^e  and  frequency  of  the  system,  but  was 
assured  positively  by  the  superintendent  of  the  local  power 
plant  that  the  voltas^e  and  frequency  were  unquestionablv 
correct,  and  were  alwavs  so  maintained,  but  that  the  motor 
was  obviously  at  fault  in  that  it  would  not  pull  a  load  which 

sras  en^ne  had  carried,  although  the  motor  was  of 
twice  that  capacity. 


An  examiiiai  ion  of  1  lie  motor  failed  to  show  t  he  sli;'hl<'sf 
disorder  with  itw  windiii^^s  or  coimocl  ions.  All  its  cii-cuits 
were  clear,  and,  although  of  ample  capacity,  it  was  conceivable 
that,  in  some  manner  the  load  had  be (； orno  too  heavy.  In  an 
endeavour  to  diagnose  the  case,  it  was  decided  1o  make  several 
measurements  and  detorniine  the  torque  necessary  io  start  iJio 
load,  the  available  sUirfin"'  torque,  the  frequency  of  the  cir- 
cuit, and  the  line  voltage.  It  is  conimoiily  thought,  iJiat 
measurements  of  this  kind  require  an  array  of  laboratory 
inslriuneiiis,  or  other  special  facilities  ；  however,  all  the  neces- 
sary data  was  obtained  here  with  a  spring  halaiure,  a  speed 
indicator,  and  a  voltmeter,  and  this  simple  ouffif  served  \o 
locate  the  trouble  very  rapidly. 

The  torque  required  to  start  the  motor  was  ohtaiiied  by 
attaching  the  spring  scales  to  the  driving  belt  and  pulling  it 
slowly  along,  thus  moving  the  entire  load,  whereupon  the 
pointer  indicated  a  pull  of  1201bs.  The  product  of  the  motor 
speed  by  the  circumference  of  pulley  gave  the  belt  speed  as 
l，600ft.  per  minute  ；  this,  multiplied  by  1201bs.  and  divided 
by  33,000，  gave  5'8  as  the  horse-power  required  at  full  speed, 
which  proved  that  the  motor  was  far  from  being  overloaded. 
Next,  the  motor  starting  torque  was  measured  at  1ft.  radius. 
For  this  purpose  a  wooden  bar  was  fastened  across  the 
diameter  of  the  pulley  and  a  notch  was  made  in  the  bar 
exactly  1ft.  from  the  centre  of  the  shaft,  so  that  the  hook  of 
the  scales  would  remain  at  the  stated  distance.  The  scales 
were  then  so  suspended  that  the  projecting  bar  would  main- 
tain a  horizontal  position  while  resting'  on  the  hook.  When 
current  was  applied  to  the  motor,  the  pointer  registered  a 
pull  of  411bs.，  which  was  about  one-half  the  normal  rated 
starting  torque  for  the  motor.  The  cause  of  such  a  low  torque 
could  be  either  high  frequency  or  low  voltage  or  both,  and 
steps  were  taken  at  once  to  ascertain  these  values.  The  first 
step  in  determining  the  frequency  of  a  circuit  by  means  of  a 
motor  is  to  know  its  no-load  speed,  when  the  full-load  speed  is 
given.  The  rated  speed  as  given  on  the  motor  name-plate  was 
850  revolutions  at  full  load,  and  7,200  alternations  per  minute. 
The  synchronous  speed  is  found  by  dividing  the  rated  alterna- 
tions per  minute  by  the  number  of  poles  ；  the  next  highest 
number  above  full-load  speed  obtainable  by  dividing  the 
alternations  by  an  even  number  will  be  the  synchronous  speed , 
while  the  divisor  will  be  the  number  of  poles.  In  the  present 
case,  900  is  the  next  highest  number  above  850  obtainable  with 
7.200，  and  with  8  for  a  divisor  ；  hence  the  motor  was  obviously 
an  8 -pole  machine,  with  a  no-load  speed  of  about  900  revs,  per 
minute  or  normal  frequency.  With  the  belt  off  the  motor  was 
given  full-line  voltage.  The  speed  indicator  showed  1,000  revs, 
per  minute,  which,  being  above  synchronous  speed,  proved  that 
the  frequency  of  the  circuit  was  high  in  the  proportion  of 
1 ,000  to  900  or  11  per  cent.,  and  since  the  starting  torque  of 
an  induction  motor,  within  certain  limit's,  varies  inversely  as 
the  frequency,  this  was  evidently  one  cause  contributing  to  the 
weakness  of  the  motor. 

There  remained  only  the  question  of  line  potential.  A 
voltmeter  applied  to  the  motor  terminals,  wit  h  the  auto-starter 
in  I'urming  position,  showed  the  voltage  to  be  1 54,  whereas  the 
motor  was  rated  at  'J DO  volts.  The  whole  cause  of  the  trouble 
was  now  apparent  and  accordingly  measures  were  at  once 
taken  to  correct  the  abnormal  conditions.  As  soon  as  the 
frequency  was  lowered  to  the  correct  value  and  the  voltage 
raised  to  normal,  the  motor  started  up  and  pulled  its  load  in 
such  a  business-like  way  and  with  such  evidence  of  reserve 
power  that  it  thoroughly  redeemed  itself. 

In  concluding  this  paper,  the  writer  will  describe  a  method 
of  locating  faults  in  mining  locomotive  armatures,  with  an 
earthed  return,  which  lias  been  found  simple  and  reliable,  no 
other  instruments  other  than  an  ammeter  being  required. 
The  armature  is  taken  apart  from  it's  field  circuit  (so  that  it 
cannot  revolve  where  current  is  sent  through  it),  and  fixed  on 
a  cradle  arrangement  with  the  brushes  in  position.  The  con- 
troller, fields,  and  armature  are  then  all  wired  up  exactly  as 
they  would  be  when  working  with  an  ammeter  in  circuit,  and 
about  full-load  current  is  sent  round  the  circuit.  The 
armature  is  then  turned  slowly  round  by  hand.  Should  there 
be  any  open-circuited  coils,  there  will  be  a  flash  at  the  point  of 
open-circuit,  and  short-circuited  coils  will  very  soon  become 
hot.  Since  one  side  of  the  system  is  permanently  earthed, 
should  there  be  any  earth  on  any  of  the  controller  or  armature 
wiring,  these  will  again  be  flashing. 
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THE  INSTITUTE  OF  METALS. 

The  annual  autumn  meeting  of  the  Institute  of  Metals  will 
be  held  on  Wednesday,  September  20tli,  commencing  at 
4  p.m.,  in  the  rooms  of  the  Chemical  Society,  Burlington 
House,  Piccadilly,  London,  Sir  George  T.  Beilby,  F.R.S., 
LL.D.,  will  preside,  and  a  number  of  important  metallurgical 
papers  will  be  presented  and  discussed.  These  include:  (1) 
" The  Allot  ropy  of  Silver,"  by  Dr.  W.  D.  Helderniaii 
(Utrecht  University,  Holland)  ;  (2)  Note  on  "  Cadmium  in 
Spelter,"  by  W.  Ingalls  (New  York,  U.S.A.)  ;  (3)  "  The 
Annealing  of  Arsenical  Brass  containing  61  and  62"5  per  cent, 
of  Copper :  A  Study  of  the  Structure  and  Properties  Deve- 
loped by  Varying  the  Rate  of  Cooling  within  the  Traiisfor- 
inatiou  Range,"  by  C.  H.  Mathewson  and  E.  M.  Thallieimer 
(Yale  University,  U.S.A.);  (4)  "The  Development  of  the 
Spelter  Industry,"  by  Ernest  A.  Smith,  A.R.S.M.  (Sheffield). 

A  ballot  for  the  election  of  new  members  is  being  arranged 
in  connection  with  the  autumn  meeting.  Candidates  for 
election  should  send  in  their  applications  before  noon  on 
September  13th,  to  the  secretary  of  the  institute,  Mr.  G.  Shaw 
Scott,  M.Sc,  Caxtoii  House,  Westminster,  S.W.,  from  whom 
membership  forms  and  full  particulars  can  be  obtained,  post 
free,  on  application. 

The  Government  Research  Council  having  made  a  grant 
of  £1,000  per  annum  towards  the  cost  of  carrying  on  the 
research  inaugurated  by  the  Institute  of  Metals  Corrosion 
Committee  into  the  causes  of  the  corrosion  of  marine  con- 
denser tubes,  it  has  been  found  possible  by  the  Corrosion 
Research  Committee,  which  lias  recently  been  reconstituted  so 
as  to  include  representatives  of  all  bodies  interested  in  the 
subject,  greatly  to  extend  their  sphere  of  activities. 

Two  salaried  investigators  have  been  appointed  in  the 
persons  of  Captain  G.  D.  Bengough,  D.Sc.，  and  Dr.  ().  F. 
Hudson.  They  will  conduct  scientific  researches  on  tlie  com- 
mittee's condenser  plant  now  about  to  be  installed,  by  the 
courtesy  of  the  Brighton  Corporation,  in  the  Brighton  Elec- 
tricity Works.  The  plant  will  be  worked  under  ordinary 
industrial  conditions,  the  microscopical  and  otlier  examina- 
tion of  the  metal  treated  at  Brighton  being  carried  out  in 
the  metallurgical  laboratories  of  the  Imperial  College  of 
Science  and  Technology,  Soutli  Kensington. 


DISSOLVED  ACETYLENE  FOR  WELDING. 

Dissolved  acetylene,  or,  as  it  is  mure  commonly  called,  tank 
acetylene,  is,  says  Mr.  K.  Dunham  in  the  "  Acetylene 
Journal, '，  in  wide  use  by  all  classes  of  users.  The  gas  is 
bought,  ready  for  use,  by  the  opening  of  a  valve.  Care  is 
exercised  by  the  manufacturer  of  dissolved  acetylene  to  purify 
it  before  it  is  compressed  into  the  cylinder.  These  cylinders 
vary  in  size,  according  to  the  needs  of  the  user,  from  100  cub. 
ft,  to  500  cub.  ft.  capacity.  Since  acetylene  is  dangerous 
under  pressure  in  a  free  state,  the  method  of  eliminating  this 
hazard  is  interesting.  The  cylinder  is  filled  with  a  porous 
material,  and  then  acetone,  a  very  volatile  liquid,  is  poured 
into  the  cylinder.  This  acetone  absorbs  the  acetylene,  and,  as 
there  is  no  free  space  in  the  tank,  no  danger  is  encountered  in 
handling  or  using  acetylene  furnished  in  this  way.  Acetylene 
should  not  be  withdrawn  from  the  tank  at  a  rate  fast  enough 
to  bring  out  with  it  the  solvent  liquid,  whicli  is  harmful  in  its 
effects  on  molten  metal.  The  flame  used  should  not  require 
an  acetylene  consumption  at  a  greater  rate  per  hour  than 
one-seventli  the  capacity  of  the  tank  ；  that  is,  a  100ft.  cylinder 
should  last  seven  hours.  It  is  for  this  reason  that  steel  welds 
made  with  acetylene  from  an  automobile  lif^hting  cylinder  are 
so  often  unsatisfactory.  The  gas  in  automobile  cylinders  costs 
more  than  that  in  the  regular-size  welding  tanks,  and,  except 
in  emergencies,  the  automobile  cylinder  should  never  be  used. 
If  it  is  necessary  to  employ  these  cylinders  instead  of  welding 
cylinders  it  is  advisable  to  connect  three  or  four  on  a  manifold 
to  eliminate  t  lie  possibility  of  the  withdrawal  of  the  acetone. 


Lead-plated  Steel.- A  new  process  has,  says  "  The  Iron 
Age,"  been  developed  which  will  reiider  possible,  tlie  substi- 
tution of  lead-plated  steel  for  zinc  £nd  nickel-plated  material, 
and  phosphor-bronze,  copper,  and  brass  parts  used  where  metal 
needs  protection  from  corrosion  caused  by  acids,  salts,  and 
fumes. 


REVERSIBLE  ROTARY  PUMP. 

The  accompanying  illustrations  show  a  design  of  rotary  pump 
of  the  kind  in  which  a  rotor  having  one  or  more  blades  is 
eccentrically  positioned  in  a  casing  so  that  the  blade  or  blades 
sweep  the  crescent-shaped  space  between  the  periphery  of  the 
rotor  and  the  inside  of  the  case,  the  invention  of  the  Selson 
Engineering  Company,  Ltd.,  85,  Queen  Victoria  Street, 
London,  E.C.,  and  Mr.  Henry  Goodwin.  The  pump  is  adapt- 
able for  various  purposes,  but  is  specially  designed  for  pump- 
ing lubricants  on  machines  which  have  reversible  motion.  The 
pump  comprises  a  rotor  of  the  kind  referred  to,  a  casing  for 
same,  one  valve  chamber  having  in  addition  to  the  outlet  from 
the  chamber  only  two  ports  or  holes  therein  and  a  valve 
adapted  to  close  the  ports  one  at  a  time  so  constructed  and 
arranged  that  when  the  rotor  is  rotating  in  one  direction 
delivery  is  through  one  of  the  ports  or  holes  and  when  the 
rotor  is  rotating  in  the  reverse  direction  delivery  is  through 
the  other  port  or  hole.  The  valve  in  tlie  form  of  a  ball  is 
automatically  operated.  When  the  pump  is  running  in  one 
direction  the  ball  closes  one  of  the  outlet  ports  and  when 
reversed  the  hydraulic  pressure  of  the  fluid  immediately  forces 
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FIG.  1.  FIG.  2. 


ItEVKllSIBLK  UOT  VUY  PuMP. 


the  ball  from  one  port  to  the  other,  and  thus  the  outflow  of 
fluid  is  maintained  through  the  ])oit  which  the  ball  in  the 
movement  has  left  uncovered. 

Fig.  1  is  a  general  elevation  of  the  punip  with  the  pulley 
wheel  by  which  it  is  driven ;  the  side  cheek  of  the  case  is 
shown  removed.  Fig.  2  is  a  similar  view,  but  turned  through 
an  angle  of  90"  and  with  the  cheek  in  place.  Fig.  3  is  a  plan 
view  as  seen  from  the  top  of  Fig.  1  witli  the  side  cheeks 
entirely  removed  and  with  the  attachment  for  the  inlet  pipe, 
the  latter  being  shown  separately.  Fig.  4  is  a  sectional  view 
about  the  line  X  of  Fig.  2  with  the  attachment  shown  in 
Fig.  3  in  position.  The  pump  comprises  a  casing  in  which  is 
a  rotor  B  having  sliding  blades  C  controlled  by  spring  D. 
Between  the  rotor  and  the  inside  of  the  casing  is  a  crescent- 
shaped  space  E  which  is  swept  hy  the  blades  C.  The  rotor  has 
a  spindle  F  upon  which  is  mounted  belt  pulley  G.  The  outlet 
or  delivery  side  of  the  pump  has  ducts  A  leading  to  openings 
H,  N  adapted  to  be  closed  one  at  a  time  by  the  ball  M.  These 
openings  lead  from  opposite  ends  of  the  chamber  E，  whilst  the 
inlet  port  J  leads  into  about  the  centre  or  widest  part  of  the 
chamber.  The  outlet  nozzle  or  attachment  K  is  shown  fur- 
nished with  a  bar  L  to  prevent  entry  of  the  ball  M  into  the 
bore  of  the  pipe.  When  the  rotor  is  running  in  clockwise 
direction  (according  to  tlie  position  shown  in  Fig.  4)  the  ball 
covers  the  inlet  port  H  as  shown,  but  immediately  the  rotation 
is  reversed  the  pressure  of  the  fluid  shifts  the  ball  from  the 
port  H  to  port  N  and  the  supply  is  maintained  through  the 
port  H. 
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INDUSTRIAL  EFFICIENCY.* 

11 Y  CKU  Al.n   STONEY,  H.A.I.  (OUH.),  F.K.S..  M.INST.C.K. 

At  times  sucli  as  t  hese  t'li'"  niiiu)  nut urally  turns  to  problems  I o 
be  considered  both  at  the  present  time  and  a ft-er  ilie  war,  "mi 
in  considering  such  problems  a  review  of  some  of  the  errors 
committed  in  the  past  is  most  necessary.  Sucli  a  review 
enables  methods  which  should  he  adopted  both  now  and  in 
the  future  to  be  considered.  As  this  is  an  address  to  the 
engineering  section  of  t he  British  Association  for  tlie  Advance- 
ment of  Science,  only  such  problems  will  be  considered  as 
affect  engiiieerin*^  and  its  allied  industries.  One  thing  which 
has  handicai)})ed  our  industries  is  the  reluctance  of  firms  to 
utilise  highly-educated  labour  or  to  adopt  scientific  methods 
In  looking  round  the  industries  of  the  district  one  is  struck 
by  the  small  number  of  men  who  have  undergone  a  thorough 
scientific  training-  at  one  of  the  universities  or  at  one  of  the 
leading  technical  colleges,  and  who  occupy  a  prominent  place 
in  the  firms  in  this  district.  Tlie  general  complaint  is  that 
university  and  college  men  are  too  theoretical  and  not 
practical.  It  is  the  usual  thing  for  a  bad  workman  to  blame 
his  tools,  and  is  it  not  because  employers  do  not  know  how  to 
make  use  of  such  labour  that  they  utilise  it  to  such  a  small 
and  imperfect  extent  ？  Things  are  very  different  in  some 
other  countries  with  which  we  have  competed  in  the  past, 
and  with  which  there  will  be  in  all  probability  still  fiercer 
competition  in  the  future.  There  we  find  the  fullest-  use 
made  of  highly  educated  scientific  labour. 

How  many  engineering  firms  in  this  district  have  a  skilled 
chemist  on  their  staff,  and  what  percentage  of  these  pay  him 
a  decent  salary  ？  And  how  many  heads  of  firms  have 
sufficient  chemical  knowledge  to  appreciate  tlie  work  of  and 
utilise  the  services  of  such  a  man,  because  unless  there  is 
appreciation  of  the  work  done  by  such  a  man  his  services  are 
useless  and  he  becomes  discouraged,  generally  finding  himself 
up  against  the  blank  stone  wall  of  there  being  no  appreciation 
of  his  services  ；  and  yet  chemical  problems  are  continually 
cropping  up  in  engineering  work.  There  is  the  question  of 
the  supply  of  materials  ；  as  a  rule  the  manufacturer  trusts 
to  the  name  of  the  contractor  and  assumes  that  he  gets 
materials  of  the  composition  and  purity  he  ordered.  Every 
now  and  then  sometliing  goes  wrong  and  the  question  arises, 
why  ？  Without  a  chemist  to  analyse  the  material  it  is  often 
most  difficult  to  say.  Apart  from  this  question  of  the 
analysis  of  raw  or  partly  manufactured  materials  received, 
there  is  the  chronic  question  as  to  mixtures  of  the  m  eta  Is  in 
both  the  metal  and  the  brass  foundry,  and  large  economies 
can  be  effected  by  systematic  analyses. 

Another  direction  in  which  scientific  labour  is  invaluable 
is  in  seeing  that  instruments  are  in  proper  order  and  th at- 
tests are  accurately  carried  out.  Tests  carried  out  with  in- 
accurate instruments  and  without  proper  scientific  pre- 
cautions to  see  that  they  are  accurate  and  reliable,  are  worse 
than  useless,  and  in  fact,  most  misleading  and  dangerous,  as 
entirely  unreliable  inferences  may  be  drawn  from  them  and 
far-reaching  troubles  caused  in  the  future.  How  many  tests 
of  steam  engines  are  unreliable  because  there  is  no  standardi- 
sation of  the  pressure  and  vacuum  gauges  and  thermometers 
used,  and  how  many  cases  is  even  the  reading  of  tlie  barometer 
omitted  ？  An  absolute  pressure  stated  as  so  many  inches  of 
vacuum  has  no  meaning  unless  the  barometer  reading  is  also 
given,  or  the  inches  of  vacuum  is  stated  as  reduced  to  "  Bar. 
30."  How  many  firms  using  steam  have  any  arrangements 
for  testing  vacuum  and  pressure  gauges,  and  yet  there  are  no 
instruments  more  liable  to  error  tlian  these  gauges  ？  When  one 
tries  to  analyse  the  results  of  steam  tests  one  is  constantly  up 
against  the  elementary  question,  "Were  the  gauges,  &c.，  accu- 
rate? What  a  misfortune  it  is  that  there  were  no  means  of  test- 
ing their  accuracy."  Under  scientific  supervision  arrangements 
are  made  to  avoid  such  troubles  and  get  reliable  results  which 
can  be  depended  on  for  future  designs.  What  has  been  said 
about  pressure  gauges  and  the  measurement  of  pressure 
applies,  of  course,  to  all  other  instruments  and  measurements. 
In  most  works,  it  may  be  said  with  sorrow,  tliat  the  only 
moderately  accurate  nieasurenients  tliat  can  be  made  are  those 
of  dimensions  and  weight.  It  is  only  by  accurate  testing  of 
existing  plant  that  reliable  deductions  can  be  drawn  enabling 
safe  progress  to  be  made  in  future  designs. 

*  Address  of  the  President  of  the  enflinoerinM  section  of  the  British  Apsooiation 
fox  tho  Advancement  of  Science,  delivored  at  Nowcastle-on-Tyne.  September,  1910. 


One  of  tlie  great  filings  which  helped  I'orwjird  the  steam 
t  in  hiiie  in  1,1  le  early  days  was  nccurai  e  and  full  testing'  of  vach 
1 山 uit  as  soon  as  it,  was  completed  and  before  it  left  the  works. 
Tlie  late  Mr.  Willans  was  probably  tlie  first',  or  one  of 
iii'st,  to  recognise  the  inipoi'taiice  of  accurate  testing  of  stenrn 
plant,  and  ihe  success  his  woll-kiiowii  engine  had  was  largely 
(！ ue  io  this.  From  the  oarliest  days  of  ihe  sleain  1  tuhiiie, 
Sir  Charles  Parsons  recognised  the  necessity  of  sucli  testing, 
； uid  the  test  house  has  always  been  a  prominent  feature  of 
Jieatcm  Works.  And  then  in  the  higher  ranks  of  an  engineer- 
ing works  it  requires  a  scientific  mind  to  draw  safe  conclusions 
from  tests  carried  out  and  to  see  in  what  directions  progress 
can  be  safely  made.  Sucli  methods  have  enabled  the  steam 
turbine  during  the  writer's  acquaintance  with  it,  now  exten- 
ding over  some  28  years,  to  grow  from  50  li.p.  to  some 
45,000  or  more  in  each  unit,  and  the  steam  coiisuni])tioii  to  be 
red  need  from  401bs.  per  horse-power  hour  to  about  TvUbs.  or 
less  than  one- fifth. 

And  closely  allied  to  such  work  in  engineering  works  is  the 
general  question  of  scientific  research,  and  here  a  trained 
scientific  mind  is  of  the  utmost  importance  to  see  that  reliable 
results  are  obtained  and  to  make  true  logical  deductions  from 
those  results.  Without  suitable  training  a  man  is  liable  to 
be  unable  lo  grasp  all  the  conditions  of  an  experiment  and 
to  make  deductions  from  the  data  obtained  which  are  totally 
unjustified  and  often  lead  to  most  disastrous  results  in  the 
future.  Such  research  is  generally  carried  out  in  four  places 
—— engineering-  works,  private  laboratories,  engineering 
colleges,  and  national  laboratories.  Tlie  first  has  already 
been  dealt  with.  The  second  is  of  comparatively  small  im- 
portance in  practice.  As  regards  the  third  a  great  deal  of 
good  work  has  been  done  in  engineering  colleges,  often  under 
great  difficulties  for  want  of  plant  and  money,  and  it  is  greatly 
to  the  credit  of  our  professors  and  others  that  they  have  suc- 
ceeded in  doing  so  much  with  the  very  inadequate  appliances 
at  their  disposal,  and  handicapped  for  want  of  funds.  How 
inadequate  their  income  is  can  be  understood  when  it  is  re- 
membered that  Leipzig  University  alone  has  an  annual 
income  from  the  German  Government  of  £100,000,  as  against 
a  total  Government  grant  to  all  the  universities  here  of  about 
£45,000,  or  less  than  half. 

Of  national  laboratories  we  have  only  one,  the  National 
Physical  Laboratory  of  Teddiiigton,  and  here  again 
the  support  given  to  it  is  totally  inadequate.  The  total  income 
from  all  sources  last  year  was  only  £40,000，  and  of  this 
£23,000  was  charges  for  work  done,  sucli  as  testing  meters 
and  other  instruments,  and  such  commercial  work  ；  the 
Government  grant  is  only  £7,000  a  year,  and  besides  this 
£7,500  was  received  for  experiments  in  connection  with 
aeronautics,  which  is  really  war  work.  The  balance  was  made 
up  of  subscriptions,  grants  from  technical  societies,  and  mis- 
cellaneous receipts.  Compare  this  with  the  German  equiva- 
lent, the  Reichsaiistalt  of  Berlin,  which  has  an  income  of 
£70,000  a  year  from  the  Government,  or  ten  times  that  given 
to  our  N.P.L.  The  Bureau  of  Standards,  the  similar  institu- 
tion in  U.S.A.,  has  a  Government'  grant  of  £140,000，  or  20 
times  ours.  In  the  Civil  Service  Estimates  there  is  an  allow- 
ance of  £40,000  for  research,  an  increase  of  £15,000  over  that 
allotted  last  year.  The  total  estimates  are  over  £20,000,000， 
so  that  less  than  one-fifth  per  cent,  is  allotted  to  research. 

It  is  difficult  to  realise  what  benefits  might  be  gained  by 
investigations  which  could  be  carried  out  by  the  N.P.L.  if 
onlv  sufficient  funds  were  available,  and  of  what  importance 
tliey  might  be  to  industry  at  large.  One  example  may  suffice. 
Sorne  time  ago  the  Reiclisanstalt  carried  out  a  most  complete 
set  of  tests  on  a  certain  class  of  machine,  an  investigation  which 
must  have  cost  several  thousands  of  pounds  sterling,  apart 
from  the  time  it  occupied.  The  results  of  this  investigation 
are  available  to  German  manufacturers  of  this  machine,  and 
just  before  the  war  preparations  were  being  made  to  take  ad- 
vantage of  this,  and  from  figures  stated  a  large  extra  economy 
was  expected.  This,  of  course,  would  enable  them,  provided  the 
cost  of  manufacture  was  not  too  high,  to  have  an  enormous 
advantage  over  such  machines  manufactured  without  this 
special  knowledge.  Tlie  Institution  of  Mechanical  Engineers 
saw  the  itnportaiice  of  tliis  problem  and  appointed  a  Eesearch 
Committee  to  deal  with  the  question,  but  the  first  question 
met  with  is  that  of  finance.  Should  this  be  the  case  in  a 
wealthy  country  such  as  this  that  depends  on  its  manufactures 
for  its  very  existence  ？      And  that  such  an  investigation  is 
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obvious  from  the  fact  that  the  designs  of  no  two  independent 
manufacturers  of  this  machine  in  this  country  agree  among 
themselves.  Of  course,  each  claims  his  is  the  best,  but  this 
cannot  be  so. 

Investigations  in  engineering  shops  do  not  meet  such  a 
case.  The  question  of  finance  has  to  be  carefully  watched, 
and  as  soon  as  results  sufficiently  good  are  obtained  they  are 
generally  accepted,  and  in  any  case  the  problem  is  rarely 
t  hrashed  out  to  the  bottom,  an  almost  universal  defect  in 
coTii rnercial  research  work.  Without  the  help  of  the  National 
Physical  Laboratory  the  position  of  the  aeroplane  in  this 
country  would  be  very  different  from  what  it  is,  and  what 
has  been  done  for  the  aeroplane  requires  to  be  done  in  many 
other  directions. 

But  what  firm  here  would  do  what  has  been  done  in  the 
commercial  synthesis  of  indigo,  on  which  it  is  said  that  17 
V ears'  work  and  over  £1,000,000  has  been  spent  by  one  firm 
alone  abroad.  Here  in  chemical  investigations  and  manufac- 
tures the  Government  refuse  to  even  give  the  help  of  allowing 
cheap  alcohol  to  be  obtainable,  and  much  of  such  work  is 
impossible  in  this  country  on  this  account,  as  in  many  cases 
nietliylated  and  denatured  alcohol  are  not  suitable.  Recently 
under  pressure  the  restrictions  have  been  somewhat  relaxed 
by  the  Government,  but  many  manufacturers  have  found  that 
the  privileges  granted  are  so  tied  up  in  red  tape  that  the 
concessions  are  practically  useless. 

And  it  is  not  only  on  the  scientific  side  that  there  is  so 
much  to  be  done  in  the  way  of  putting  our  house  in  order  ； 
there  is  much  to  be  done  in  the  way  of  putting  the  manage- 
ment and  commercial  sides  of  engineering  and  otlier  allied 
works  in  a  posit  ion  t  o  com  pet  e.  The  great  growth  of  engi- 
neering works  and  their  being  formed  into  limited  liability 
companies  has  not  been  without  it.、'  drawbacks.  In  the  old 
days  an  engineering  works  was  roni])aratively  small  and,  as 
a  rule,  one  man,  generally  a  clever  engineer,  was  at  the  head. 
After  his  death,  and  often  before,  the  place  was  turned  into 
a  limited  liability  company,  and  gradually  fell  into  the  hands 
of  a  body  of  men,  many  of  them  not  technical,  who  had  no 
further  interest  in  the  firm  than  to  draw  their  salaries  as 
directors  and  managers,  and  who  had  no  financial  stake  in  the 
concern  beyond  the  £500  or  £1,000  in  shares  nocessarv  to 
qualify  tliem  as  directors.  The  result  is  that  the  place  gradually 
degenerates,  initiative  ceases,  and  it  finally  gets  to  a  stage 
of  not  paying  any  dividends,  and  really  being  kept  going,  not 
for  the  sake  of  the  shareholders,  hut  of  the  directors  and 
other  officials. 

Such  a  firm  as  a  rule  does  not  put  enough  aside  for  depre- 
ciation, and  thus  its  machinery  and  buildings  degenerate  and 
become  obsolete,  which  makes  it  still  less  able  to  compete 
with  more  modern  firms.  At  the  same  time  it  is  not  able  to 
afford  the  money  necessary  to  carry  on  the  experimental  and 
research  work  which  is  a  necessity  for  any  progressive  firm, 
and  thus  its  manufacturers  cease  to  progress  with  tlie  times. 
As  Sir  Charles  Parsons  truly  said,  a  man  or  firm  in  the  face 
of  financial  difficulties  cannot  carry  on  research  work,  and, 
further,  tli at  tlie  miiiinmm  spent  or  researcli  work  should  be 
at  least  1  per  cent,  of  tlie  turnover,  and  tliat  t  he  amount  it 
is  advisable  to  spend  is  3  per  cent.  Unless  a  firm  makes  good 
profits  it  cannot  keep  up  to  date,  and  will  sooner  or  later 
go  to  the  wall. 

But  the  workman  says  tl'at  he  should  have  his  share. 
What  is  his  share  under  the  present  state  of  things  ？  The 
average  capital  expended  in  an  engineering  works  per  indi- 
vidual employed  is  about  £200.  An  investigation  the  writer 
made  some  years  ago  gave  this  figure,  and  it  was  confirmed 
by  an  in vestitjation  of  sliipbuildin^  yards,  which  gave  £185. 
and  of  tlie  Census  of  Produftion,  which  eives  a  capital  of 
£1,500,000,000  for  7,000,000  workers,  or  £2^4  per  man.  An 
investigation  of  tlie  dividends  paid  shows  them  to  be  about 
4  per  cent,  on  the  capital  employed.  Here  it  must  be  remem- 
bered til  at  firms  paving  10  to  15  per  cent,  on  tlieir  ordjnarv 
capital  liave  often  a  large  preference  an d  (lebentiire  capital, 
on  wliicli  a  nmch  lower  rate  of  interest'  is  paid,  and  also  th at 
often  part  of  the  ordinary  capital  was  issued  at  a  preniiuni. 
Also  account  lias  to  be  talcpti  of  the  larsfe  number  of  com- 
panies that  do  not  pay  any  dividend  on  their  ordinary  stock . 
^nd  often  none  on  their  preference.  Little  is  as  a  rule  hearH 
of  the  finances  of  such  companies  ；  it  is  tlie  ones  paying  good 
dividends  that  public  attention  is  drawn  to.    It  thus  means 


that  the  shareholders  get  about  £8  per  year  per  individual 
employed. 

Oil  the  other  hand,  the  average  wages  for  men  and  boys, 
skilled  and  unskilled,  is  about  £70  per  annum  in  normal  times. 
This  means  that  the  worker  gets  between  eight  and  nine  times 
as  much  as  the  capitalist,  and  shows  on  what  a  very  small 
margin  the  capitalist  works.  And  without  the  capitalist, 
under  our  present  system  of  individualism,  there  would  be  no 
factories  erected  and  run,  and  therefore  no  work  for  the 
working  man,  a  thing  it  is  well  for  him  to  remember,  and  also 
that  without  profits  the  capitalist  will  not  invest  in  engineer- 
ing and  other  works  in  this  country,  but  will  seek  for  a  more 
profitable  field  for  his  capital  elsewhere.  Every  £200  invested 
in  this  country  in  a  factory  means  work  and  livelihood  for 
one  British  working  man. 

Af  the  same  time  I  am  sorry  to  say  the  employer  does  not 
look  after  tlie  welfare  of  his  workmen  as  he  might.  In  a  small 
factory  the  head  of  the  firm,  as  a  rule,  knows  all  the  leading 
men  among  the  workmen,  many  of  them  having  been  with  him 
for  years.  As  the  place  grows  he  loses  touch  with  his  men, 
and  as  an  actual  fact  knows  fewer  of  those  under  him  when  he 
has  1,000  or  more  employes  than  he  did  when  lie  had  400  or 
under.  This  state  of  things  gets  worse  when  the  place  is 
turned  into  a  limited  liability  company,  as  nearly  all  large 
places  are  at  present.  The  result  is  that  a  most  deplorable 
state  of  things  has  come  to  pass.  The  workman  says,  '  Put 
not  thy  trust  in  employers  '  ；  the  m aster  says,  '  Put  not  thy 
trust  in  workmen  ， ;  and  the  official  who  is  between  the  master 
and  the  workman  says,  '  Put  not  thy  trust  in  either/ 

It  is  <lifficult  to  say  what  is  to  be  done  to  remedy  this  state 
of  things,  but  one  cannot  help  feeling  much  might  have  been 
done  in  the  past  to  have  prevented  such  a  regrettable  state 
of  affairs  as  there  is  at,  present.  Much  of  this  trouble  miglit 
have  been  avoided  if  employers  had  shown  more  consideration 
for  the  welfare  of  their  workmen.  Of  course,  there  are  some 
notable  exceptions,  but  they  are  few  and  far  between.  An 
example  is  the  】iecessity  of  the  Factory  Acts  to  ensure  proper 
light  and  air  and  other  arrangements  necessary  for  the  health 
of  the  workmen.  But  much  more  should  be  done.  Why  is 
it  that  canteens  are  being  rushed  up  all  over  the  country,  and 
why  were  there  so  few  before  ？  In  many  works  to  this  day 
the  provisions  for  getting  food  and  drink  warmed  are  most 
primitive  and  inefficient,  and  as  to  getting  anything  to  eat  if 
one  has  to  work  overtime  unexpectedly,  it  is  in  most  works 
impossible.  As  a  rule  the  only  thing  available  was  a  drink 
at  the  public-liouse  outside  the  gates,  and  even  this  is  now 
closed  at  five  o'cloclc.  Wliy  if  a  man  works  overtime  should 
he  also  starve  ？  And  how  can  efficient  work  be  expected  under 
such  conditions?  Why  also  should  there  not  be  provision  for 
drying  clothes  after  walking  to  work  on  a  wet  morning,  and 
each  man  be  provided  with  a  cupboard  where  he  could  keep 
a,  change  of  boots  ？  Why  are  not  sanitary  arrangements 
decently  private,  and  why  are  they  not  kept  clean  and  whole- 
some : they  are  often  in  a  disgraceful  state?  These  are  only 
a  few  samples  of  the  directions  in  whicli  much  might  be  done. 

The  adjustment  of  the  wages  to  be  paid  to  the  workman 
is  a  most  difficult  one.  There  are  three  principal  ways  of 
paying  workmen — on  time,  on  piece,  and  on  bonus.  On  time 
is  the  only  way  of  paying  a  man  wlio  is  on  various  classes  of 
work,  where  the  fair  time  required  for  each  job  is  not  known, 
and  in  many  cases  the  most  lii^hly  skilled  men  are  on  such 
work,  and  as  a  result  only  make  time  wages.  This  results 
often  in  the  highly  skilled  man  making  less  money  than  the 
less  skilled  man  who  is  on  repetition  work  and  as  a  conse- 
quence is  working  on  piece  or  bonus,  and  this  is  obviouslv 
unfair.  For  example,  a  man  may  have  the  setting  up  and 
adjusting  of  a  number  of  machines  on  repetition  work,  and 
he  often  makes  less  money  than  the  less  skilled  men  under 
him  who  are  on  piece  or  hoii us,  although  their  nominal  rate 
of  wages  is  less  than  his.  Again,  highly  skilled  erectors  who 
go  outside  the  works  to  erect  machinery,  often  worth  thou- 
sands of  pounds,  ajid  set  it  to  work,  are  only  paid  on  time, 
and  often  make  less  money  than  their  fellows  who  are  on  piece 
inside  the  works. 

The  adjustiiiij  of  piece  prices  is  a  most  difficult  one.  They 
should  be  adjusted  so  as  to  be  fair  both  to  master  and  niaii, 
but,  too  often  such  fixing  of  prices  is  left  to  subordinate  offi- 
cials who  have  in  many  cases  their  own  axe  to  f^riiid.  There 
should  in  every  works  be  a  special  department  for  sucli  fixing 
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oi'  pritH's,  a  tul  oiu'c  a  \)vicv  is  li  svd  it  should  iml  h"  a  It  (MHhI 
wit  hout  good  reason.  The  pracliro  ot*  triit  (iiig  j) rices  by  t'lie 
inaslcrs  in  t  he  past  is,  in  t  he  opinion  of  the  writer,  largely 
responsible  tor  tlie  j)reseiit  limitation  of  output  by  the  ineii 
about  wlucli  we  hear  so  "mdi.  There  is  a  rule  that  if  a  man 
makes  more  t  han  time  and  liaU'  or  titne  and  third  the  price 
of  t lie  job  is  to  he  cut.  IF  the  price  has  been  fairly  fixed  why 
should  it  be  reduced  because  the  man  makes  large  wages  ckie 
to  his  skill  and  industry  '！  The  larger  the  output  from  his 
vice  or  lathe  the  better  for  the  master,  as  he  is  getting  a  larger 
output  from  liis  plant  with  a  certain  capital  expenditure,  and 
thereby  establishment  charges  are  reduced.  This  is  especially 
the  case  in  inacliine  work,  as  the  hourly  value  of  the  machine 
employed  often  far  exceeds  the  wages  of  the  workman 
employee). 

A  fair  rating  for  machine  tools  is  4d.  per  hour  per  £100 
value,  and  as  the  time  rating  of  the  man  is  generally  about 
9d.,  it  is  easily  sesii  that  if  the  average  value  of  the  machine 
tools  exceed  £225,  inacliine  charges  exceed  time  wages,  and 
the  average  value  of  machine  tools  is  generally  largely  in 
excess  of  this  figure,  in  fact  often  alxnit  double  it.  It  is 
therefore  obvious  that  it  is  m ucli  more  iui jxji'l aiit  to  get  large 
output  than  to  pay  small  wages.  The  result  of  this  "  time- 
aiid-lialf  "  rule  is  that  a  good  man  l)y  working  up  to  the  limit' 
of  his  capacity  spoils  the  job  "  for  the  next  man  who  comes 
along  and  may  not  be  of  the  same  calibre  as  the  first  man. 
It  has  therefore  been  found  advisable  and  necessary  by  the 
workmen  to  limit  the  output  of  all  men  to  a  certain  standard, 
and  this  results  in  the  end  by  the  pace  being  set  by  the  slowest, 
man  on  a  particular  job.  A  fair  bonus  system  is  perhaps  the 
ideal  way  of  paying  men,  but  here,  again,  although  the  times 
for  a  job  are  supposed  to  be  fixed  and  unalterable,  in  too 
many  cases  they  have  been  altered  by  various  devices,  and  as 
a  result  the  system  is  looked  on  with  suspicion  by  the  work- 
man. 

Gradually  bit  by  bit  the  pernicious  doctrine  that  the  less 
work  done  by  a  man  the  more  employment  there  will  be  has 
grown  up,  he  not  seeing  that  the  cheaper  an  article  can  be 
produced  the  larger  will  be  the  sale  for  it  and  the  better  it 
will  be  able  to  compete  with  the  products,  not  only  of  other 
producers  in  this  country  but  of  those  abroad.  And  also  that 
very  cheapness,  combined  with  good  quality,  induces  the  sale 
for  sucli  articles  to  by  large.  Laziness  is  inherent  in  man,  and 
on  an  average  no  man  will  work  unless  compelled  to  do  so, 
and  still  less  will  work  Ins  best  unless  there  is  a  great  iiiduce- 
nieiit.  This  is  true  not  only  of  the  working  man  but  of  all 
other  classes.  Therefore  tlie  policy  of  "  Ca'  Canny  "  has  been 
only  too  readily  adopted  on  the  ground  not  only  that  it  was 
pleasant  for  the  man  himself  but  also  he  believed  that  it 
tended  to  the  welfare  of  his  fellow-worknioii. 

The  writer  has  very  reluctantly  come  to  tlie  conclusion 
that  the  workman  of  to-day  is  not  doing  as  much  work  as  was 
done  some  30  years  ago  when  he  was  in  the  shops,  and  not 
only  this,  but  that  timekeeping  is  not  as  good.  In  this  con- 
nection, however,  it  must  be  remembered  that  excessive  over- 
time inevitably  leads  to  bad  timekeeping.  Bad  timekeeping 
causes  much  more  loss  than  tliat  due  to  the  actual  time  lost, 
as  not  only  does  machinery  and  other  plant  lie  idle,  but  tlie 
disorganisation  caused  in  a  works  by  lost  time  is  most  serious. 

With  the  growth  in  strength  of  tlie  trades  unions,  which  at 
first  were  for  the  legitimate  object  of  seeing  that  the  workman 
got  fair  play,  and  providing  out-of-work  and  old-age  benefits, 
&c.，  has  grown  up  a  system  of  trades  union  officials  who  live 
by  agitation,  and  whose  job  would  be  gone  if  tliere  were  no 
supposed  grievances  to  agitate  about.  These  men  keep  the 
labour  world  in  a  constant  state  of  agitation,  and  make  tli? 
employers'  and  officials'  existence  a  burden  to  them  by  con- 
stant demands  of  all  sorts,  many  of  them  utterly  impracticable 
and  unfair.  When  they  cannot  agitate  against  the  employer 
they  agitate  against  another  trades  union,  and  thus  endless 
disputes  spring  up  on  the  demarcation  of  work.  Some  of  the 
worst  strikes  in  the  past  liave  been  due  to  disputes  between 
two  trades  unions. 

Unless  something  can  be  done  to  bring  master  and  man 
together  and  make  both  work  for  tlie  common  good,  English 
trade  must  inevitably  go  down,  and  tlie  supremacy  that  Eng- 
land has  ill  tlie  engineering  of  the  world  will  come  to  an  end. 
Notliiiig  ever  was  a  truer  statement  than  that  recently  made 
by  Lord  Joicey  that-  this  country,  unless  it  produces  as  cheap 
or  cheaper  than  other  countries,  cannot  in  the  long  run  keep 


l"、r  lr;i("、，  ； iihl  1  liis  is  (rut:  in  sj'i"'  of  any  iurilV  wjiIIh  wliidi 
ma'y  he  s(、t  And  il"  the  present  sLaie  of  nWaivH  in  main- 

tained of  imscientific  iiiaiiagcrnenl.  and  ol)HolcLe  iriacliincry, 
conibinecl  with  liniitatioii  of  out  put  and  liigli  wages,  or,  iii 
oilier  words,  liigli  cost  oT  |)ro(hid,i (川, we  niusl-,  sooner  or  later, 
go  to  the  wall.  What  is  really  wanted  is  corruiioii  honesty 
and  com rnoii-seiise  on  both  sides,  For  one  side  is  as  Imd  as  the 
other  at  present. 

And  now  about  iJic  uilicial,  wlio  is  in  all  grades  from  the 
manager  down  to  the  lorenuui,  and  who  comes  between  the 
master  and  the  inaii.  Unless  he  is  treated  fairly  by  the 
master,  and  unless  he  treats  his  men  fairly,  there  is  sure  to 
be  friction  and  loss  of  efficiency.  He  must  also  work  with  his 
fellow-officials  who  move  in  lines  more  or  less  parallel  to  his, 
and  here,  to  prevent  jealousies  and  to  prevent  the  more  un- 
scrupulous anioui?  i  lie  in  taking  unfair  advantages,  deinarca- 
tion  of  each  official's  duties  and  work  is  thos(  important.  This 
is  a  point  often  omitted  to  he  taken  sufficiently  into  account 
ill  the  organisation  of  a  works,  and  often  causes  most  disas- 
trous results.  The  duties  of  each  man  should  be  clearly 
defined  by  the  master,  and  no  interference  with  those  of  others 
tolerated.  The  master  also  should  remember  that  the  official 
has  no  trades  union  or  similar  organisation  to  protect  him, 
and  should  act  accordingly.  Much  more  could  be  said  about 
the  relations  of  the  official  bot'h  with  his  fellow-official  who  is 
on  the  same  level  as  himself,  with  his  master  who  is  above 
him,  and  the  workman  who  is  under  him,  but  time  forbids. 
On  all  three  sides  much  improvement  could  be  effected.  The 
fact  remains,  however,  that  for  success  it  is  essential  th at  all 
from  the  apprentice  to  the  head  of  the  firm  should  work  as 
one  homogeneous  whole. 

Apart  from  the  considerations  set  out  above,  combinations 
among  the  firms  employed  in  any  one  trade  are  most  essential 
for  the  well-being  of  that  trade.  It  is  by  such  combination 
that  much  of  the  progress  made  of  late  years  by  our  com- 
petitors has  been  effected.  Some  of  these  combinations  have 
been  international,  and  at  least  two  such  in  the  engineering 
trade  before  the  war  were  so.  These  now,  of  course,  are,  and 
it  is  expected  will  be  after  the  war,  confined  to  the  allied  and 
possibly  to  neutral  countries,  but  such  combinations,  whether 
among  all  the  eiigineerino;  firms  in  one  district  or  among  firms 
employed  in  one  particular  trade,  to  be  successful  must  be 
worked  fairly  to  all  members,  and  the  larger  firms  must  not 
override  the  smaller,  as,  it  is  regrettable  to  say,  has  been  clone 
ill  combinations  of  employers  in  some  districts.  For  example, 
ill  a  district  where  there  is  one  firm  very  much  larger  than 
any  of  the  others,  it  is  not  unknown  for  it  to  act  the  bully 
and  insist  on  everything  beiug  clone  as  would  suit  its  require- 
ments, regardless  of  the  rights  of  others.  And  further,  such 
combinations  are,  unless  directed  by  men  with  broad  minds 
and  able  to  take  a  wide  view  of  things,  liable,  especially  in 
case  of  emergency,  to  do  much  harm. 

If  the  armament  ring  in  this  country  had  taken  such  a 
view  when  it  was  found  what  an  enormous  supply  of  munitions 
was  required,  it  is  doubtful  if  there  would  have  been  such  a 
shortage  as  there  has  been.  Hundreds  of  firms  were  willing 
and  anxious  to  help  in  the  production  of  munitions,  but  when 
they  offered  their  services  they  were  met  in  many  cases  with  a 
blank  refusal,  and  in  all  cases  with  little  encouragement.  And 
when,  under  pressure  from  the  Government,  the  ring  accepted 
outside  help,  in  iiiany  cases  the  conditions  imposed  on  the  sub- 
contractors were  unfair  in  the  extreme,  apparently  the  whole 
idea  of  tlie  ring  being  to  make  all  the  profit  they  could  out  of 
the  troubles  of  the  Empire.  It  has  been  just  as  difficult  to 
persuade  the  armament  ring  to  give  up  what  they  thought  was 
their  monopoly  and  to  bring  in  outside  works  to  help  in  the 
production  of  munitions  as  it  has  been  to  persuade  the  trades 
unions  to  forego  trade  customs  and  to  enable  outside  sources 
of  labour  to  be  employed,  such  as  women  and  other  unskilled 
labour  But  both  have  had  to  do  it.  In  other  words,  "  dilu- 
tion of  works  "  has  been  as  difficult  to  effect  as  "  dilution  of 
labour,"  and  the  position  of  both  the  armament  ring  and  of 
the  workman 'would  have  been  very  different  if  they  had  con- 
sented freely  to  it  when  it  became  obviously  necessary  for  the 
safety  of  the  Empire. 

Combination  among  workmen  is  admittedly  a  necessity  if 
they  are  to  have  fair  play,  but  combination  among  employers 
has  come  later  and  is  equally  a  necessity.  At  present  most  of 
the  principal  federations  of  employers  deal  only  with  wages 
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questions  and  questions  affecting  labour,  hut  they  require  to 
be  extended  so  as  to  take  in  all  branches  of  the  business  of 
engineering.  Labour  has  long  seen  the  importance  of  federa- 
tion, it  is  now  for  capital  to  do  the  same.  One  of  the  greai 
difficulties  has  been  that  certain  firms  would  not  join,  and  rt 
very  small  proportion  acting  thus  weakens  the  whole  to  a 
much  greater  extent  than  the  actual  ratio  of  this  small  pro- 
portion of  the  whole.  It  is  easy  to  see  how  alive  labour  is  to 
t  his  by  the  constant  trouble  over  the  non-union  question,  and 
this  is  well  put  in  the  notice  addressed  last  March  to  the 
transport  workers  of  the  Mersey  district,  "  To  be  outside  a 
union  is  to  be  disloyal  not  only  to  your  own  class  but  to  your- 
selves imlivithmlly.  '  What  applies  to  labour  also  applies  to 
firms,  for  a  firm  to  be  outside  the  federation  is  to  be  disloyal, 
not  onlv  to  its  fellow-firms  but  to  itself.  Such  a  state  of  affairs 
is  not  tolerated  in  some  of  the  countries  competing  with  us, 
and  it>  is  questionable  whether  action  by  the  Government  is  not 
advisable. 

An  example  of  the  mischief  done  by  a  few  who  would  not 
fall  into  line  with  the  many  is  seen  by  the  necessity  for  the 
Act  compelling  the  early  closing  of  shops  one  day  a  week. 
The  great  majority  were  ready  to  close,  but  the  action  of  a 
small  minority  prevented  their  doing  so,  and  in  the  end  com- 
pulsion had  to  be  used  on  the  minority.  Legislation  has  not 
been  necessary  to  prevent  "  blackleggiiig  "  in  the  labour  world 
since  other  methods  have  been  used  which  have  been  practi- 
cally successful,  but  it  is  quite  possible  it  may  be  necessary  to 
use  compulsion  to  make  firms  toe  the  line. 

Such  combinations  are  not  only  for  labour  questions  but 
also  for  all  other  subjects  affecting  the  engineering  industry  at 
large,  and  more  especially  the  special  industries  in  which  any 
one  firm  deals.  Thus  they  resolve  themselves  into  general 
federations  of  all  engineering  industries  and  minor  ones  deal- 
ing with  particular  trades.  The  former  deal  chiefly  with 
labour  questions  and  questions  affecting  the  industry  as  a 
wliole,  the  latter  with  those  affecting  anv  particular  trade. 
Among  the  questions  corning  up  to  be  considered  by  the  latter 
class  is  the  standardisation  of  specifications  and  conditions  of 
contracts  as  well  as  in  some  cases  the  adjusting  of  prices  to 
avoid  unfair  com  petition  and  to  put  the  whole  trade  on  a 
payiiis^  basis.  Much  has  been  done  in  this  direction  with  most 
advantageous  results  in  certain  cases,  but  much  more  remains 
to  be  done  if  this  country  is  going  to  hold  its  place  in  the 
world. 

The  necessities  of  research  work  have  already  been  dealt 
with,  and  by  the  pooling  of  such  research  work  enormous 
advantages  in  any  one  trade  could  be  obtained.  Such  pooling 
of  information  has  been  effected  with  most  beneficial  results, 
especially  in  the  chemical  trade  abroad.  Any  workable 
scheme  which  would  enable  tliis  to  be  done  and  get  over  the 
jealousies  between  one  firm  and  another  would  be  of  enormous 
>)enefif  to  the  trade  in  general.  Atiother  thing  that  must  not 
be  lost  sight  of  is  the  urgent  need  of  improving  our  educational 
system.  Tt  is  little  short  of  a.  disgrace  that  tlie  older  univer- 
sities are  closed  to  those  without  a  knowledge  of  L?ltin  and 
Greek.  Ijaiiguages  are  of  the  (greatest  iin])ortaiice  to  an 
ri> ineer,  but  not  dead  languages  hut  live  ones.  And  these 
should  be  properly  taught,  so  that  the  student  should  not  only 
be  able  to  read  and  write  them  but  also  to  speak  and  under- 
stand them.  It  is  quite  a  different'  knowledge  of  a  language 
to  be  able  to  read,  write,  speak,  or  understand  it.  Many 
people  can  read  a  language  without  being  able  to  write,  speak, 
or  understand  it,  and  conversely  it  is  not  uncommon  to  meet 
neople  wlio  can  speak  and  understand  a  language  without 
beiiicj  able  to  any  large  extent  to  read  or  write  it.  And  it  is 
onlv  in  live  lan^aa^es  that  a  man  is  trained  to  speak  and 
understand  a  language. 

Why  is  it  til  at  we  are  so  wedded  to  the  dead  languages? 
There  is,  of  course,  the  tradition  tliat  such  are  necessary  for  a 
liberal  education,  and  there  is  the  ar^unieiit  that  m odern 
I'-'ngua^s  i) re  not  as  good  a  traiiiinef  for  the  mind.  Granted 
that  thev  are  not  ouite  so  good  from  the  point  of  view  of 
learning?  to  read  and  write  them,  does  not  the  fact  that  tliev 
can  also  be  taught  as  a  live  language  to  be  spoken  and  under- 
stood make  them  on  t'l'e  whole  the  best  educationally  for  a 
man?  This  is  entirelv  apart  from  the  fact  that  modern 
langua^jes  are  useful  and  ancient  useless  to  the  man  in  com- 
mercial work.  There  is.  of  course,  bitter  opposition  from  that 
most  conservative  man.  the  schooliriast er,  and  one  great  reason 
is  that  it  is  much  easier  and  cheaper  to  get  a  man  to  teach 


Latin  and  Greek  than  modern  languages  which  have  to  be 
taught  orally.  The  teaching  of  .Latin  and  Greek  as  it  is 
usually  taught  has  been  standardised  to  the  last  degree,  and  as 
a  result  they  can  be  taught  by  the  "  semi-skilled"  man,  and  a 
" skilled  ',  man  is  not  necessary,  to  use  engineers'  phraseology. 
In  fact,  teaching  of  Latin  and  Greek  is  a  pure  "  repetition 
job."  At  the  same  time  no  education  is  complete  unless 
science  is  combined  with  languages  and  also  literature,  and 
here  lies  one  great  danger  of  modern  technical  education. 

And  after  the  boy  has  left  school  and  enters  the  shops 
more  facilities  should  be  given  to  enable  him  to  not  only  keep 
up  but  continue  his  education.  In  the  shops  and  drawing 
office  too  often  the  boy  is  left  to  pick  up  a  knowledge  of  his 
trade  as  hest  he  can.  The  apprentice  who  asks  questions  is 
often  looked  on  as  a  nuisance,  and  requests  for  information 
arc  generally  met  by  a  blank  refusal  or  worse.  Often  the 
foreman  or  chief  draughtsman  is  afraid  to  answer  questions 
for  fear  of  being  charged  with  giving  away  so-called  "  trade 
secrets,"  but  aii  immense  deal  of  information  can  be  given  to 
an  apprentice  without  doing  so.  Evening  classes  are  all  very 
good  in  their  way,  but  more  facilities  should  be  given  for  the 
diligent  apprentice  to  attend  day  classes,  and  this  can  be 
arranged  in  various  ways  if  the  employer  has  a  will  to  do  it. 
A  thing  that  at  present  often  prevents  boys  desirous  of 
educating  themselves  getting  on  is  the  fact  that  overtime  is 
allowed  as  soon  as  a  boy  is  18，  and  often  he  is  compelled  to 
work  overtime  regardless  of  classes  that  he  ought  to  be  attend- 
ing. It  is  important  to  remember  that  the  boy  of  to-day  is 
the  man  of  to-morrow. 

One  complaint  is  that  after  a  lot  of  trouble  is  taken  about 
a  boy  he  leaves  after  a  few  years  and  goes  to  another  employer. 
The  good  of  the  trade  in  general  must  be  considered,  and  a 
man  who  has  had  experience  of  various  classes  of  work  is 
generally  a  much  more  valuable  man  than  one  whose  know- 
ledge is  confined  to  one  class  only.  In  any  case  the  other 
employer  gets  the  benefit  of  what  has  been  done  by  the  first, 
and  tlius  the  trade  in  general  benefits.  It  is  felt  that  this  is  a 
very  irm)erfect  review  of  things  as  thev  are  at  present,  but  if 
this  address  induces  all  classes  engaged  in  engineering  to  con- 
sider how  things  can  be  bettered  the  author  feels  that  a  part, 
at  all  events,  of  his  object  has  been  attained. 


HIGH  TEMPERATURE  INSULATION.* 

BY  P.  A.  BOECK. 

The  value  and  importance  of  efficient  insulation  for  the  pre- 
vention of  thermal  losses  are  shown  in  the  extent  of  the 
investigation  and  research  which  have  been  devoted  to  that 
factor  in  the  conservation  of  heat,  but  it  was  not  until  the 
comparatively  recent  introduction  of  the  heat  balance-sheet 
that  the  various  causes  of  heat  losses  and  the  reasons  for  their 
existence  were  brought  to  light. 

Heat  is  a  form  of  ener^  consisting  of  molecular  vibrations 
of  a  periodic  character  and  subject  to  tlie  general  laws  of  wave 
motion.  It  can  be  reflected,  refracted,  and  dispersed  by 
creating  the  proper  conditions.  In  other  words,  by  the  proper 
mechanical  niaiiipulation  we  can  increase  or  decrease,  within 
certain  limits,  the  amount  or  rate  of  heat  flow.  One  of  the 
most  common  ways  of  doin^  this  is  by  introducing  alternate 
layers  of  materials  having  different  heat-transmitting  values, 
thus  breaking  up  or  changing  the  wave  length.  The  introduc- 
tion of  air  cells  or  voids  within  the  body  is  a  most  effective 
method  of  accomplishing  the  reduction  of  the  conductivity, 
though  large  voids  have  the  effect  of  propagating^  heat  by 
convection  and  radiation.  The  density  of  a  body  may  be 
taken  as  an  approximate  criterion  of  its  heat  conducting 
capacity. 

(*oiu///rft()//  is  tlie  action  taking  place  in  the  transfer  of 
lieat  in  which  the  heat  energy  is  passed  along  from  a  particle 
at  a  higher  temperature  to  one  at  a  lower  temperature  by 
virtue  of  their  contact.  While  this  method  of  heat  transfer 
applies  to  the  three  states  of  matter,  it  is  of  magnitude  only 
ill  solids. 

RfuJiatioti , ― By  radition  heat  is  transferred  fi'oni  one  body 
to  another  without  any  material  as^eiu'v  by  wave  motion  ；  this 
applies  only  to  the  gaseous  state  of  matter. 

CoH  I'ecfloft  is  that  process  of  heat  transfer  in  which  some 

*  Absfcraofc  of  T)aper  presented  at  the  Chicago  local  section  of  the  American 
Society  of  Mechan ical  Eniiineers. 
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port  ion  of  t \\v  Imtiy  whoso  I  tMii|KM  ;il  urc  is  raisetl  moves  to 
anot luM-  place  in  the  medium  where  the  temperature  is  lower, 
tendinis  to  raise  the  temperature  of  ilie  medium.  This  met luxl 
of  heat  transfer  is  therefore  linuled  to  liquids  and  gases. 

Applying  those  methods  to  ； i  steam  boiler,  the  Ileal  gene- 
rated by  the  fuel  burning  in  the  firebox  is  imp;u't,etl  to  the  dry 
surface  of  the  boiler  plate  by  radiation  from  the  hot  fuel  bed, 
furnace  walls,  and  luminous  flames,  and  secondly,  from  the 
moving  gaseous  products  of  combustion  by  convection.  From 
the  dry  surface  it  travels  through  the  soot,  metal,  and  scale 
to  the  wet  surface  purely  by  coiuhiction  and  is  in  turn  trans- 
iniited  into  the  boiler  water  mainly  by  convection. 

That  portion  of  the  heat  which  is  transferred  to  the  walls 
of  the  furnace  setting  by  any  of  the  three  methods  mentioned 
is  conducted  through  the  setting  and  lost  by  radiation  or  con- 
vection from  the  outer  surface  of  the  setting,  if  means  are  not 
provided  to  prevent  it.  It  is  the  heat  lost  in  this  manner  and 
methods  for  its  prevention  that  will  be  especially  considered. 

The  amount  of  heat  conducted  through  a  unit  area  from 
one  part  of  the  body  to  another  is  proportional  to  the  diffe- 
rence in  temperature  of  the  two  parts  :  directly  proportional 
to  the  thermal  conductivity  of  the  body  through,  which  the 
heat  passes  and  inversely  proportional  to  the  distance  between 
the  two  parts  of  the  body.  In  other  words,  the  conduction  of 
heat  through  a  solid  body  from  one  place  to  another  is  a  direct 
function  of  the  conductivity  of  the  body  and  the  difference  in 
temperature  of  the  two  planes,  and  an  indirect  function  of 
their  distances  apart.  This  is  identical  with  Ohm's  law  for 
transfer  of  electrical  energy. 

The  heat  transferred  from  one  body  to  another  by  ladia- 


FiG.  1.— Heat  Flow  and  Temprhatukk  Gradient  Through 
Hkated  Walls. 


tion  is  proportional  to  the  difference  of  the  fourth  powers  of 
the  absolute  temperatures  of  the  two  bodies.  While  this  is 
strictly  true  only  of  the  ideal  "  black-bodies,"  the  variation  is 
so  small  that,  for  all  practical  purposes,  this  relation  holds 
good  in  ordinary  procedure. 

This  relation  indicates  why  a  liollow-wall  space  is  an 
effective  insulator  in  low-teniperalure  work,  such  as  refrigera- 
tion, &(:.，  whereas  in  high- temperature  operations  the  loss  of 
heat  by  radiation  through  a  hollow-wall  space  is  so  great  that 
its  insulating  effect,  is  less  than  if  this  wall  space  were  filled 
with  material  of  rather  high  thermal  conductivity.  This  is 
especially  true  if  the  air  space  in  the  hollow  wall  is  near  the 
furnace  side  and  becomes  highly  heated.  This  is  entirely  con- 
tradictory of  the  general  belief  that,  since  air  is  a  poor  con- 
ductor of  heat,  air  spaces  built  into  the  walls  of  a  furnace  will 
greatly  reduce  heat  loss  by  radiation.  While  the  heat  does 
travel  very  slowly  through  the  air  by  conduction,  it  leaps  over 
the  air  space  readily  by  radiation,  because  the  quantity  of 
heat  which  passes  across  the  hollow  space  is  a  function  of  the 
fourth  power  of  the  absolute  temperature  of  the  surfaces 
enclosing  it,  which  loss  is  enormously  increased  by  rise  in 
temperature. 

In  general,  in  high-temperature  furnace  construction,  there 
are  two  separate  and  distinct  factors  which  must  be  considered 
to  produce  an  effective  wall.  The  first  of  these  is  to  provide  a 
material  having  the  ability  to  resist  the  action  of  high  tempe- 
ratures, sufficient,  mechanical  strength  and,  possibly,  the  pro- 
perty of  resisting  corrosive  slags,  gases,  &c.，  without  spalling  or 
being  eroded.  The  second  is  to  prevent  the  excessive  loss  of 
heat,  due  to  conduction  from  the  interior  of  the  furnace  to  the 
outside  where  it  is  lost  by  radiation  or  conduction. 


I I  is  rare  t  luil  ii  rHniHory  iii;itriia!  is  ； in  insula""'; 
usual ly  it  is  lUH^esaary  to  ； m^Mnciil  or-  liack  U]>  iho,  r("'rf"，t<)ry 
wit  li  soiiM'  lujit  ei'ial  havin"  a  in  ucli  lowoi'  hvai  coiiducUiig 
«*;»|>;icit  y.  Ki^.  I  is  a  graphic  presentation  of  heal  traiiHferH 
with  and  without  such  application.  The  (juantity  of  heat  If 
ill  H.T.U.  per  hour  per  square  foot,  conducted  between  two 
su!  faces  of  a  wall  is 

"=《>/1二4二\(,2一:,） 
 1  1  T  +  - - - 

where  〃，  //丄， ―  thickness  in  inches  of  corn poneiit  layers  of 
wall,  r,  =  thermal  coiid activities  in  B.T.U .  per  square  foot 

per  inch  thickness  per  hour  per  1"  diilerence  in  temperature  at 
the  average  temperature  of  tlie  corn poiieiit  layers  of  wall,  and 
t . 丄 and  t,^  ―  surface  temperatures  of  the  respective  sides  of  the 
wall  ill  degrees  Fall.  Fig.  1  is  a  graphic  presentation 
of  the  heat  loss  through  insulated  and  uninsulaied  walls  ； 
respectively  *J89  B.T.U.  and  639  B.T.U.  per  square  foot  ])er 
hour. 

The  requirements  of  the  insulating  backing  for  the  more 
refractory  linings  of  furnaces  are  rather  severe,  and  although 
an  enumeration  of  them  would  seem  a  somewhat  formidable 
array,  there  are  products  upon  tlie  market  which  fulfil  prac- 
tically all  of  them .  When  the  kind  of  refractory  material 
that  is  best  suited  to  the  surface  has  been  determined,  the 
next  most  important  item  is  the  thickness  of  the  wails  and  the 
nature  of  the  insulating  material  most  suitable,  and  it  is 
necessary  to  determine  the  degree  of  insulation  which  will 
produce  the  most  effective  result's. 

III  attempting  to  obtain  perfect  insulation,  it  is  entirely 
possible  to  over-insulate,  causing  a  serious  damage  to  tlie 
refractories  in  the  high  temperature  zones  of  the  furnace.  To 
maintain  the  inner  walls,  it  may  be  necessary  to  permit  a  con- 
siderable flow  of  heat  through  the  wall,  with  a  corresponding 
decrease  in  the  temperature  of  the  refractories  at  the  lieated 
point,  in  order  to  prevent  their  destruction.  However,  the 
issue  in  some  instances  may  be  met  by  other  practical  methods, 
such  as  increasing  the  working  capacity  of  the  unit  in  order 
to  make  use  of  the  additional  heat  available,  rather  than  to  let 
this  valuable  heat  at  the  critical  period  escape  to  save  the 
refractory  lining —— a  method  which  makes  the  working  load 
control  the  temperature.  In  electric-furnace  practice,  where 
extremely  high  temperatures  are  encountered  and  where 
effective  insulation  is  necessary  because  of  the  relatively  high 
cost  of  current,  the  question  of  insulation  or  rather  over- 
insulation,  has  been  given  more  attention  than  in  other  lines. 

The  requirements  of  an  ideal  insulator  being  known,  it 
remains  only  to  select  such  an  insulator  as  apparently  most 
nearly  meets  these  requirements.  A  material  possessing 
remarkable  non-conducting  properties  is  "  Celite,"  so-called  on 
account  of  its  extremely  cellular  nature.  It  is  a  mineral  of  a 
highly  siliceous  composition  and  of  very  light  weight,,  and 
occurs  on  the  Pacific  Coast  in  an  exceptionally  pure  state.  It 
is  composed  of  iiiunerous  hollow  cells,  and  weighs  in  its  natural 
rock  form,  air-dried,  from  25 lbs.  to  301bs.  per  cubic  foot. 
When  this  material  is  ground  properly,  it  weighs  but  8 lbs.  to 
the  cubic  foot,  and  has  a  thermal  insulating  power  of  about 
9  to  12  times  the  insulating  power  of  ordinary  firebrick.  In 
other  words,  a  lin.  layer  of  this  material  is  the  equivalent  in 
insulating  value  of  from  9iii.  to  12in.  of  firebrick.  Being 
almost  pure  silica,  its  melting  point  is  high,  2,930°  Fah. 
(1,6〗0°  C.)  as  reported  by  the  United  States  Bureau  of  Stan- 
dards, and  it  can  be  subjected  to  high  temperatures  without 
fear  of  alteration. 

Bricks  and  blocks  of  various  sizes  and  shapes  are  prepared 
by  sawing  the  natural  material  by  means  of  gang  saws. 
Standard  9in.  straight  "  Sil-o-cel  ，'  brick  made  from  natural 
(•elite  weigh  from  Hlbs.  to  21bs.  each,  and  are  equivalent  in 
insulating  value  to  many  times  their  thickness  of  ordinary 
firebrick.  In  crushing  strength  these  bricks  withstand  over 
4001bs.  per  square  inch  and  are  sufficiently  strong  to  stand 
transportation  and  handling.  The  cost  of  these  insulating 
bricks  is  but  little  more  than  that  of  firebrick,  and  that  of  the 
powder  about  one-third  as  much.  Because  of  the  variation 
in  forms  in  which  Sil~o-cel  products  are  supplied ― that  of 
brick,  blocks  of  various  shapes,  in  powdered  form,  and  as  a 
plastic  cement —— this  material  is  adaptable  to  almost  any  form 
of  thermal  insulation. 
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stationary  power  plants,  which  are  operated  only  occasionally 
or  have  supply  recurring  peak  loads. 

(3)  Conditions  demanding  readiness  for  constant  and 
instant  service  favour  the  use  of  the  Diesel  engine.  Against 
the  difference  of  tlie  interest  charges  of  the  Diesel  engine  and 
the  steam  turbine  would  have  to  be  balanced  the  cost  of 
keeping  the  boilers  under  steam  continuously. 

(4)  If  the  power  plant  is  located  at  the  sources  of  fuel, 
either  in  the  oil  fields  or  at  coal  mines,  the  steam  turbine  will 
be  favoured  as  costing  less  to  install,  and  therefore  fuel 
expenditures  will  be  of  less  moment  than  interest  and  amor- 
tisation charges. 

(5)  Combination  plants  using  the  Diesel  engine  for  supply- 
ing continuously  and  nearly  constant  main  loads  and  steam 
turbines  for  furnishing  periodically  recurring  peaks  by  the 
use  of  high  duty  boilers  with  large  water  and  steam  space 
and  capable  of  forcing  will  prove  profitable.  Thus,  such 
periodical  peaks  as  are  produced  in  hoisting  may  be  taken 
care  of  by  a  turbine  floating  on  the  line  and  operating  in 
parallel  with  tlip  Diesel  engine. 

(6)  Where  waste  heat  gases  are  available,  steam  power 
will  prove  the  cheapest. 

(7)  Up  to  capacities  of  1,000  ii.p.,  steam  turbines  can 
compete  with  Diesel  engines  only  in  special  cases,  such  as 
supplying  exhaust  steam  for  heating  purposes.  For  such 
small  units,  particularly  for  varying  loads,  high-grade  recip- 
rocating steam  engines  are  preferred.  Plants  between 
1 ,000  kw.  and  10,000  kw.  require  careful  analysis  to  deter- 
mine the  relative  advantages  of  the  Diesel  engine  and  the 
turbine.  In  these  analyses  load  factor,  fuel  price,  and  water 
conditions  must  be  considered.  For  power  plants  of  larger 
than  10,000  kw.,  using  units  from  6,000  kw.  iipwarcl,  it  is 
preferable  to  use  steam  turbines  unless  a  combination  of 
high  load  factor,  high  fuel  cost,  and  poor  water  conditions 
favour  a  Diesel  plant. 

In  comparing  prices  of  different  kinds  of  fuel,  such  as  gas, 
coal,  or  liquid  fuel,  it  is  well  to  reduce  all  fuel  prices  to 
a  common  basis  of  absolute  cost  for  1,000,000  B.T.U.  This, 
together  with  the  knowledge  of  the  thermal  efficiencies  of  diffe- 
rent prime  movers,  will  enable  one  to  arrive  at  the  absolute 
fuel  cost  of  each  per  brake  horse-power-hour  with  different 
kinds  of  fuel.  When  a  supply  of  liquid  fuel  is  available,  the 
sound  economic  application  of  steam  turbines  and  Diesel 
engines  is  determined  by  fuel  prices  and  load  factor.  The 
diagram  shows  at  a  glance  whether  a  steam  turbine  or  a 
Diesel  engine  power  plant  is  in  place  with  the  given  fuel 
price  and  load  factor.  The  power  costs  represented  by  the 
curves  include  capacity  costs  and  fuel  costs  but  not  operating 
labour.  The  latter  is  about  the  same  for  eitlier  type  of  plant, 
except  for  very  large  steam  turbine  plants,  which  require 
less  operating  labour  than  Diesel  engines.  The  curves  marked 
quarter  load  cover  fuel  costs  for  kilowatt-year,  or  2,190 
kilowatt-hours,  and  the  same  capacity  charges  as  for  full 
load  ；  to  arrive  at  the  cost  per  kilowatt-year  (8,760  kilowatt 
hour)  at  quarter  load,  the  amount  shown  in  dollars  must  be 
multiplied  by  four. 

The  curves  for  steam-turbine  plants  are  based  on  12  and 
in  per  cent,  efficiency  (overall  of  the  entire  power  plant)  ；  the 
liigiier  figure  is  secured  only  with  large  units  in  sizes  from 
10,000  kw.  upward. 

The  cost  for  lubrication  is  considerably  higher  for  Diesel 
plants  than  for  turbine  plants,  and  amounts  to  from  '界 2. 00  to 
4, 00  per  kilowatt-year,  depending  on  the  type  of  lubricating 
system  used  and  the  care  of  oilers.  In  turbine  plants  this 
greater  expense  for  Diesel  engines  is  partly  balanced  by  the 
large  amount  of  water  required  for  condensing,  which  is  12 
to  20  times  greater  tlian  the  supply  needed  for  cooling  Diesel 
engines. 

The  Institution  of  Mining  Engineers. ― The  27th  annual 
^o.neral  meeting  of  tliis  Institution  will  lake  place  on  the  14th 
niul  1  nth  inst.,  at  the  Royal  Technical  College,  George  Street, 
Glasgow.  The  following  papers  will  be  read,  or  taken  as  read  : 
(1)  "  The  Permeability  of  Coal  to  Air  or  Gas,  and  the  Solu- 
bilities of  Difl'eient  Gases  in  Coal,"  by  J.  Ivon  Graham.  (2) 
" The  Formation  of  Water  in  the  Oxidation  of  Coal,"  by  J. 
Ivon  Graliam.  (3)  "  The  Form  and  Structure  of  tlie  Coalfields 
of  Scotland/'  by  David  Ferguson. 


DIESEL  ENGINES  versus  STEAM  TURBINES  FOR  MINE 
POWER  PLANTS. 

In  a  paper  by  Herbert  11  ass,  presented  before  the  American 
Institute  of  Mining  Engineers,  a  chart,  reproduced  herewith, 
is  given,  which  shows  whether  it  will  be  more  economical  to 
install  the  steam  turbine  or  the  Diesel  engine  under  given 
conditions  of  coal  and  oil  costs.  Although  the  paper  is  based 
on  conditions  at  mine  power  plants,  much  of  it  is  applicable 
to  general  power  conditions. 

The  author  states  that  about  12  times  as  much  water 
will  be  required  for  condensing  with  the  steam  turbine  as  will 
be  needed  for  jacket  cooling  of  2-stroke-cycle  Diesel  engines 
and  20  times  as  much  water  for  4- stroke-cycle  Diesel  engines. 
Another  condition  favouring  the  use  of  Diesel  engines  is  the 
high  load  factor  at  which  most  mine  power  plants  operate. 

The  author  compares  the  cost  of  the  power  with,  on  one 
liand,  four  3,000  b.h.p,  Sulzer  Diesel  engines  direct-connected 
to  alternators  and  exciters,  and,  on  the  other  hand,  with  two 
6,000  kw.  steam  turbines.  The  results  the  author  finds  are 
til  at,  with  outputs  of  70,000,000,  52,500,000,  35,000,000,  and 


Fuel  Prices 

Oil  Costs  Based  on  I  Bbl.  Containing  6,000,000  B  t.  u 
Coal  Costa  Based  on  I  ib.  Containing  12.000  and  14.000  B.  t  u. 

Diagram  showing  Comparative  Costs  op  Steam  Turbink  and  Difskt. 
Kngine  Pi-axts  at'.Gtvkn  FukTj  Price  andi  Load  Factok. 


17,500,000  kilowatt-hours  per  year,  respectively,  a  kilowatt- 
hour  will  cost  from  1*0257  for  the  highest  output  to  1'6291 
cents  for  the  lowest  output  with  steam  turbines,  and  from 
0  6045  to  1*0856  cents  with  Diesel  engines. 

The  general  selection  of  either  type  of  prime  mover  will 
})e  governed  by  the  following  economical  considerations  :  - ^ 

(1)  Where  the  cost  of  a  given  number  of  B.T.U. 
is  high,  due  to  high  fuel  cost,  and  the  load  factor  also  is 
high,  conditions  favour  the  use  of  the  Diesel  engine. 

(2)  Lower  B.T.U.  price  and  low  load  factor  con- 
ditions favour  the  steam  turbine  due  to  the  influence  of 
interest  and  amortisation  costs.    This  applies  particularly  to 
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CENTRAL  STATION  PROTECTIVE  FEATURES.* 

BY  N.  L.   POl.UAKI)  A  N  D  J.  T.  LA  WSUN  - 

The  entire  territory  serveil  by  the  Public  Service  KUh'1  ric 
Company  comprises  three  priiu'iiml  divisions  (lie  Northern^ 
Central,  and  Sout  hern  -which  im-lude  llie  more  densely  popu- 
lated sections  of  the  State  of  New  Jersey.  The  Northern 
Division  consists  of  eight  generating  stations  having  a  com- 
bined capacity  of  148,000  kw.  and  feeding  33  sub-stat  ions. 
The  Central  Division  consists  of  five  generating  stations 
having  a  combined  capacity  of  17,800  kw.  and  feeding  13  sub- 
stations. The  Southern  Division  consists  of  four  generating 
stations  having  a  combined  capacity  of  32,000  kw.  and  feeding 
17  sub-stations. 

Ill  the  larger  stations  current  is  generated  at  13,200  volts 
3-phase,  both  25  and  GO  cycles,  and  in  most  cases  is  distributed 
at  that  voltage  between  the  various  stations  and  sub-stations, 
through  260  miles  of  underground  cable  and  425  miles  of 
overhead  lines.  In  the  siHcaller  stations  current  is  generated 
at  2,400  volts  2 -phase  60  cycles  and  distributed  locally  at  that 
voltage.  That  part  of  the  current  not  consumed  locally  is 
stepped  up  to  13/200  volts  3-phase  by  means  of  Scott-connected 
transformers.  In  certain  sections  the  loads  have  increased  so 
rapidly  that  it  has  been  found  necessary  to  change  some  of  the 
transmission  lines  to  26,400  volts,  and  to  install  step-up  and 
step-down  transformers  with  a  ratio  of  two  to  one.  The 
method  of  operation  is  to  run  all  stations  in  multiple,  which 
necessarily  means  that  the  largest  and  most  economical  stations 
deliver  the  most  output,.  The  older  and  smaller  stations  are 
used  at  peak  periods  and  as  stand-by  stations. 

Six  years  ago,  in  the  Northern  Division,  there  were  too 
many  cable  failures  in  relation  to  the -  mileage.  The  total 
number  of  line  and  cable  interruptions  since  1913  has 
decreased,  while  the  mileage  has  increased.  This  was  brought 
about  by  eliminating  as  rapidly  as  possible  all  equipment  that 
was  proved  defective  and  by  the  use  of  such  safety  devices 
and  connection  schemes  as  are  described  later.  While  the 
installation  .of  aluminium  arresters  has  made  the  apparatus 
trouble  disappear  almost  completely  and  the  failures  of  cables 
have  decreased,  it  has,  as  might  be  expected,  not  given  all  the 
desired  protection  to  the  cables.  The  reason  for  this  is 
probably  due  to  the  fact  that  the  surges  on  the  cables  are  in 
the  form  of  distributed  charges  and  the  potentials  rise  locally 
in  the  cables  entirely  beyond  the  protective  influence  of  the 
arrester. 

Upon  analysing  these  cable  failures  it  was  noticed  that  the 
majority  of  them  were  caused  by  faults  to  ground  which  later 
developed  into  short- circuits.  At  this  time  due  consideration 
was  given  to  the  question  of  groinidiiig  the  neutral  of  the 
system,  but  after  taking  all  the  factors  of  the  problem  into 
account,  including  continuity  of  service,  &c.，  the  idea  of 
grounding  the  neutral  was  abandoned  and  it  was  decided  that, 
as  far  as  the  system  was  concerned,  the  best  remedy  was  the 
arcing-ground  suppressor.  An  arcing-ground  suppressor  was 
installed  in  the  largest  generating  station  and  numerous 
aluminium-cell  arresters  on  different  parts  of  the  system,  in 
the  belief  that  they  would  be  the  remedy  best  adapted  to  meet 
the  requirements.  The  arcing-ground  suppressor  has  been  in 
service  about  five  years,  and  the  records  show  that  it  has 
operated  in  every  case  where  a  fault  to  ground  occurred,  by 
extinguishing  the  arc  and  preventing  an  interruption  to 
service.  In  addition  to  preventing  service  interruption 
caused  by  single-phase  grounds,  it  has  the  great  additional 
advantage  of  protecting  life.  There  are  at  least  six  cases  on 
record  where  actual  contact  with  the  13/200-volt  wires  was 
made  by  the  workmen,  which  did  not  result  fatally.  There  is 
no  question  but  that  each  of  these  cases  would  have  been  fatal 
if  the  suppressor  had  not  been  in  use.  This  conclusion  is 
based  on  experience  with  the  rest  of  the  system  not  equipped 
with  a  ground  suppressor  and  also  on  the  system  before  the 
suppressor  was  installed. 

The  arcing-ground  suppressor  consists  of  three  single-pole 
independent  rnotor-o])erated  oil  switches,  electrically  and 
mechanically  interlocked,  to  prevent  more  than  one  operating 
at  the  same  time.  Each  switch  is  connected  to  ground  on 
one  side  and  to  tlie  bus  on  the  other.  The  suppressor  is  con- 
trolled by  a  balanced  3-phase  potential  relay,  which  remains 

*  Abstract  of  paper  read  before  the  American  Institute  of  Electrical  Engineers 
June  '28th,  1916. 


iiiacl  ivt'  、vliilr  I  lie  sysl ciri  is  Walimccd ,  hiil  、vIimi  m 山； il:uii'''(l， 
clue  to  a  ground  on  one,  pluisc,  it  operules  t  lie  (！ oi  reHpoiKlin;^ 
phase  of  the  supprossor,  which  in  tui  n  ^rouiuls  the  saiiif  | 山； use 
of  t he  bus  ；  thus  sluintin^  the  current,  and  ext int^uiHhiii^  the 
； ire.  In  cases  of  short  -circuit,  an  extra  pre (；; ml  ion  is  t  aken  l-o 
prevent  possible  operalioii  oi,  the  suppressor  by  t lie  ad dil ion 
of  an  overload  relay  wliicli  opens  Ihc  coiii  I'ol  circuit  af  1  ho 
suppressor. 

Working  ill  I'oiijuiicl ion  wit h  t he  suppressor  is  a  device 
known  as  the  faulty  cable  localiser,  which  serves  the  purpose 
of  indicating  the  particular  feeder  on  which  an  arc  to  ground 
occurs.  This  device  consists  of  a  relay  connected  in  series  with 
the  neutral  of  the  feeder-current  transformers.  When  a 
ground  occurs,  the  secondary  current  of  the  iraiisFor/ners 
becomes  unbalanced  and  causes  the  relay  to  operate.  This  in 
turn  rings  a  bell  and  lights  a  pilot  lamp  which  indi (； aies  the 
faulty  feeder.  It  takes  about  0'  15  of  a  second  for  the  loca】iser 
and  0'3  of  a  second  for  the  suppressor  to  operate.  There  is 
one  record  of  a  15-niinute  interruption  to  the  service  in  the 
Northern  Division  caused  by  a  cable  end  bell  short-circuiting 
on  an  armature  lead  of  a  generator  in  one  of  the  stations, 
before  the  suppressor  and  localiser  were  put  in  service  ；  the 
same  thing  occurred  again  and  the  situation  was  handled  in 
such  a  manner  that  no  one  outside  of  bhe  power  station  was 
the  wiser.  A  number  of  instances  are  on  record  where  a 
ground  has  occurred  on  sub-station  busses  without  an  interrup- 
tion to  service. 

As  a  further  means  of  reducing  cable  troubles  to  a  mini- 
mum a  careful  investigation  was  made  of  the  possible  causes 
of  failure.  A  thorough  study  was  made  as  to  the  best  method 
of  making  cable  joints  and  particular  attention  was  given  to 
such  factors  as  (1)  favourable  weather  conditions,  (2)  elimina- 
tion of  impurities,  air,  and  moisture,  (3)  application  of  insulat- 
ing varnish  between  each  layer  of  tape,  (4)  careful  and  even 
winding  of  tape,  (5)  improving  the  human  element.  Aside 
from  installation  precautions,  we  have  made  it  a  practice  to 
inspect  cable  during  the  process  of  manufacture  and  to  see 
that  the  cable  specifications  are  strictly  adhered  to.  All 
cables  are  tested  with  26,000  volts  for  three  minutes  before 
putting  them  in  service,  but  we  do  not  make  a  practice  of 
testing  them  periodically.  In  case  there  are  indications  of 
trouble  on  a  cable  while  in  operation,  it  is  cut  out  of  service, 
given  a  test  of  26,000  volts  for  three  minutes,  and  returned  to 
service  in  case  no  failure  occurs.  In  our  opinion  a  13,200-volt 
cable  should  not  be  tested  at  a  voltage  higher  than  26,000, 
since  our  experience  has  shown  that  too  high  a  testing  voltage 
often  weakens  the  insulation  at  some  point,  which  weakness 
finally  manifests  itself  in  a  complete  breakdown,  even  under 
normal  operating  voltage. 

Our  line  insulators  used  a  number  of  years  ago  consisted 
of  many  different  types,  no  one  type  having  been  standardised. 
The  old  insulators  not  only  spilled  over  during  trouble,  but 
also  frequently  became  punctured.  The  insulator-creepage 
surface  was  then  increased,  and  the  insulators  tested  with 
high-potential  60-cycle  current,  but  without  satisfactory 
results.  About  two  years  ago  we  started  testing  with  liigh- 
frequeiicy  and  were  soon  convinced  from  the  results  obtained 
that  the  insulators  were  not  capable  of  standing  this  test. 
Various  types  of  insulators  were  then  experimented  upon  and 
a  design  finally  adopted  having  ratio  of  puncture  to  flashover 
of  about  2  to  1.  Now,  every  insulator  before  being  placed  in 
stock  or  used  on  the  lines  is  given  a  15-second  high-frequency 
test.  Although  these  insulators  are  previously  tested  at  60 
cycles,  about  2  per  cent,  fail  to  pass  the  high-frequency  test. 

At  the  present  time,  generators  of  such  large  capacity  are 
being  used  that  it  is  necessary  to  protect  them  f roni  the  effects 
of  disastrous  short-circuits  by  means  of  internal  or  external 
reactance.  Where  several  generators  are  operated  in  parallel, 
it,  is  essential  that  bus-tie  or  bus-section  reactors  be  used  in 
order  to  prevent  the  combined  capacity  of  all  the  generators 
from  feeding  into  any  one  point  of  short-circuit.  Bus-section 
reactors  will  limit  the  current  on  any  one  section,  but  take  up 
valuable  space  in  the  bus,  complicate  the  connections,  and  in 
cases  where  parallel  Feeders  are  connected  to  different  sections 
of  the  bus,  it  is  difficult  to  obtain  balanced  currents  in  these 
feeders.  The  use  of  tie-bus  reactors  has  none  of  the  dis- 
advantages of  the  biis-sectioii  reactors  and  does  limit  the 
amount  of  short-circuit  current  on  any  one  section  to  any  value 
desired,  de))eiidin^-  upon  the  amount  of  reactance  used. 

It  is  obvious  that  practically  all  interruptions  in  a  trans- 
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mission  system  will  be  niiiiiiuisecl  il'  faults  are  easily  and 
quickly  removed  before  they  have  liad  time  to  cause  serious 
trouble.  In  order  to  determine  the  proper  setting  of  instan- 
taneous overload,  inverse  time-limit  and  inverse  definite  tiiiie- 
liinit  relays  which  are  more  commonly  used  on  a  system  of  dis- 
tribution, it  is  necessary  to  know  the  characteristics  of  the 
system  as  well  as  the  characteristics  of  the  generators,  auto- 
matic apparatus,  circuit-breakers,  regulators,  &c.，  before 
aiiylliino^  can  be  done  along  these  lines,  and  before  the  time 
elements  of  relays  can  be  adjusted,  the  following  information 
is  necessary :  (i)  The  instantaneous  short-circuit  value  of 
current  through  each  conductor  to  which  the  relays  may  be 
applied.  (2)  The  sustained  short-circuit  value  of  current 
through  each  conductor.  (3)  The  time  in  changing  from  1  to 
2.  (4)  The  time  required  for  various  automatic  circuit 
breakers  to  open  the  circuit  after  application  of  current 
through  the  trip  coils.  (5)  The  safe  current -opening  charac- 
teristics of  various  circuit  breakers.  (6)  The  time  charac- 
teristics of  the  various  relays.  (7)  The  probability  and 
amount  of  flow  of  energy  in  the  case  of  circuits  operating  in 
parallel. 

Assuming  for  the  moment  that  the  seven  items  listed  are 
known  and  an  attempt  is  made  to  accurately  time  relays  for 
selective  action,  the  accuracy  of  current  values  required  to 
trip  a  relay  can  be  left  as  a  matter  of  sin  all  concern,  for  when 
a  short-circuit  occurs,  the  current  setting  of  relays  is  usually 
exceeded  by  at  least  several  hundred  per  cent.  This  applies 
equally  well  to  inverse  time  or  definite  time  relays.  It  is  an 
impossibility  to  get  selective  setting  with  the  inverse  time- 
limit  relay  because  it  has  the  unfortunate  characteristic  of 
being  instantaneous  with  a  heavy  overload.  This  character- 
istic prevents  the  use  of  this  type  of  relay  for  selective  action, 
because  a  short-circuit  of  sufficient  magnitude  will  cause  all 
the  relays  from  the  fault  to  the  source  of  supply  to  become 
instantaneous,  and  thus  any  or  all  of  the  relays  are  liable  to 
trip  out  instead  of  only  the  ones  nearest  the  fault. 

Better  results  can  be  obtained  by  the  use  of  an  inverse 
definite  time-limit  relay,  the  time  setting  of  which  depends 
upon  the  clamping  action  of  a  permanent  magnet  on  an 
aluiiiiiiium  disc,  giving  as  great  a  degree  of  accuracy  as  can  be 
obtained  in  the  calibration  of  watt-hour  meters  used  in  con- 
nection with  a  torque  compensator.  This  type  of  relay  is  more 
accurate  and  allows  closer  setting  than  any  other  type,  and 
when  once  set,  remains  the  same,  but  in  an  extensive  system 
the  results  obtained  from  its  use  are  nevertheless  disappoint- 
ing. The  reason  for  this  is  simple,  when  it  is  considered  that 
the  time  interval  between  successive  circuit  breakers  should  be 
equal  to  the  time  taken  for  the  circuit  breaker  to  open  its 
arc,  plus  a  margin  of  safety  to  include  variation,  and  if  there 
are  several  feeder  sections  in  series  and  the  trouble  should  be 
near  the  generating  end,  the  short-circuit  may  not  be  cleared 
for  several  seconds,  which  means,  of  course,  a  loss  of  all 
synchronous  load  ou  the  system,  or,  in  other  words,  a  complete 
interruption  to  the  service. 

From  the  foregoing  it  can  be  seen  that,  irrespective  of  the 
character  of  the  distribution  system,  it  is  practically  -impossible 
to  isolate  faulty  cables  or  lines  by  the  relays  most  commonly 
used,  and  therefore  the  records  of  most  operating  companies 
show  that  faulty  feeders  usually  interrupt  a  large  area  and  a 
great  many  more  consumers  than  is  necessary.  With  the 
relays  more  commonly  used,  the  most  satisfactory  results  are 
obtained  by  using  them  with  a  radial  distribution  system  ；  or, 
in  other  words,  most  operating  companies  get  the  best  results 
by  adapting  their  systems  to  meet  the  faults  in  the  relay 
rather  than  design  a  relay  for  a  minimum  cable  outlay. 

In  connect  ion  with  the  seven  tie  feeders  between  City  Dock 
and  Marion  so  much  trouble  was  experienced  owing  to  the 
lack  of  a  selective  action  of  the  relays,  that  a  new  type  of 
relay  known  as  the  "  balanced  selective  relay  "  was  finally 
installed  at  each  end  of  these  feeders.  The  relay  coils  are 
connected  in  series  with  current  transformers  of  the  tie  lines. 
This  causes  the  current  in  each  coil  to  be  proportional  to  the 
current  in  the  cable  to  which  it  is  connected.  Only  a  single 
phase  of  each  cable  is  taken  care  of  by  a  single  relay,  and  there 
are  as  many  coils  on  the  relay  as  there  are  cables.  For 
instance,  with  seven  cables  on  a  3-phase  system  there  are  three 
relays  with  seven  coils  per  relay.  Each  coil  on  each  relay  is 
mechanically  balanced  against  each  other  coil.  The  effect  of 
this  is  that  any  strong  coil  can  overcome  any  weak  coil.  In 
case  a  short- circuit  occurs  on  one  cable,  the  current  in  the 


iaulty  cable  will  of  cuurse  be  greater  than  the  current  iu  any 
other  cable.  Therefore,  the  coil  comiected  to  the  current 
transformer  ou  the  faulty  cable  will  have  the  strongest  pull 
and  will  close  the  tripping  circuit  of  this  oil  switch. 

However,  if  none  of  the  parallel  cables  are  short-circuited, 
but  trouble  occurs  ou  some  radial  cable,  the  relay  will  remain 
balanced  and  none  of  the  good  cables  will  be  erroneously 
tripped  out.  The  relays  operate  simultaneously  at  both  ends 
of  a  faulty  cable,  and  their  operation  is  not  affected  by 
fluctuation  in  voltage  due  to  trouble  or  change  of  phase  angle 
between  voltage  and  current.  With  this  particular  type  of 
relay  it  is  necessary  to  have  not  less  than  three  feeders  in 
service,  in  order  to  secure  perfect  operation  under  all  condi- 
tions. It  should  be  further  borne  in  mind  that  reactance  coils 
are  installed  on  both  ends  of  the  tie  feeders  in  order  to  secure 
the  best  selective  action  of  the  relays.  It  is  questionable 
whether  the  relays  would  operate  as  satisfactorily  iu  all  cases 
without  the  aid  of  these  coils.  The  successful  operation  of 
these  relays  is  limited  to  three  or  more  feeders,  therefore  they 
cannot  be  used  on  other  parts  of  our  system  where  there  are 
but  two  parallel  cables  between  stations. 

Since  the  installation  of  the  balanced  selective  relays  we 
have  had  no  case  of  cable  failure  on  the  tie  feeders  where  the 
relays  have  not  operated  properly,  and  there  have  been  more 
than  50  cases  of  trouble.  Our  operating  conditions  are  such 
that  at  times  there  are  but  two  tie  feeders  iu  service^  therefore 
on  these  occasions  it  is  necessary  to  disconnect  the  balanced 
selective  relays  and  dejjend  on  overload  protection.  Judging 
from  past  experience  with  different  types  of  relays,  a  pilot-wire 
relay  would  seem  to  be  the  best  one  to  adopt  if  it  were  not 
for  the  trouble  and  expense  entailed  by  the  necessity  of  the 
pilot  wires.  Therefore  some  scheme  based  on '  the  pilot-wire 
principle,  having  all  the  advantages  and  none  of  its  dis- 
advantages, would  be  an  ideal  one  for  our  interconnected 
system.  Our  investigation  shows  that  the  nearest  substitute 
for  the  pilot-wire  scheme  and  one  that  has  practically  all  the 
advp.iitages  is  the  split-conductor  principle.  During  the 
coming  year  we  expect  to  make  several  installations  of'  this 
character. 

The  multi-recorder  is  a  device  for  recording  the  time  to 
the  fraction  of  a  second  of  the  sequence  of  action  of  oil 
switches,  circuit  breakers,  potential- indicating  devices,  and 
aluminium  cell  arresters.  A  record  of  this  kind  is  invaluable 
to  the  station  man  in  analysing  troubles  or  ordinary  switching 
changes.  In  order  to  have  complete  information  on  the 
performance  of  station  apparatus  under  all  conditions,  it  is 
highly  desirable  to  have  records  of  the  closing  and  opening  of 
circuit  breakers,  operation  of  lightning  arresters,  appearance 
and  duration  of  high  voltage  in  the  lines,  and  the  occurrence 
of  grounds  and  short-circuits. 

The  insulation-resistance  recorder  is  an  iiistruinent  that 
gives  a  daily  graphic  record  of  the  insulation  resistance  of  the 
system.  The  results  obtained  so  far  from  the  use  of  this 
instrument  have  been  rather  disappointing,  owing  to  the  fact 
that  there  are  so  many  old  insulators  of  different  insulation 
characteristics.  When  the  insulators  are  all  changed  so  that 
they  will  liave  the  same  characl, eristics  throughout  the  system, 
we  can,  by  establishing  a  point  ou  the  chart  which  might  be 
called  "dangerous,"  but  which  is  well  above  the  breakdown 
point,  give  the  operator  an  opportunity  to  report  when  the 
insulation  of  the  system  reaches  this  value.  By  isolating  the 
transmission  circuits  one  at  a  time,  the  line  iu  question  can 
be  removed  from  the  system  and  later,  by  high-potential  test- 
ing or  other  methods,  the  bad  insulators  can  be  located  and 
removed  from  the  line.  In  using  this  instrument  on  lines 
where  the  insulators  have  been  standardised,  very  good  results 
have  been  obtained.  Its  use  has  also  shown  tlie  need  of 
increasing  the  insulating  qualities  of  porcelain,  which  is  some- 
thing that  we  did  not  know  before. 

For  several  years  it  was  our  practice  to  install  resistance 
bulbs  ill  the  windings  of  the  largest  turbo-geiierators  and 
synchronous  motor-generator  sets,  in  order  to  know  at  all  times 
the  temperature  of  these  machines.  The  results  obtained  by 
their  use  so  far  have  not  met  with  expectations.  The  resist- 
ance bulbs  furnished  to-day  are  somewhat  more  substantial 
than  the  earlier  type,  but  are  still  too  frail  to  stand  much 
hard  usage.  In  the  windings  of  our  more  recent  motor- 
generator  sets  thermocouples  have  been  installed  which  we 
believe  will  give  better  service  than  resistance  bulbs,  as  they 
are   less  liable    to    juechanical    injury.      The  temperature 
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iiulicator  lias  hvvn  t'ouiul  vory  useful  in  dot crminini^  when  a 
Miaclune  needs  a  thorough  ('leaning.  Thus  m  possible  bunioui 
is  prevented  which  otherwise  could  not  he  foretold.  It  is  our 
opinion  that  wherever  possible  thermocouples  should  be 
installed  at  the  hottest  points  in  the  windings  of  all  large 
genorat oi's  or  motors. 

In  most  of  our  stations  where  air-blast  transformers  arc 
installed,  a  common  air  chamber  is  utilised  for  all  the  trans- 
formers, and  we  have  found  this  method  of  air  supply  more 
oconomiral  than  to  use  a  separate  and  independent  })lower  for 
each  transformer.  Each  transformer  is  eqin])|)ed  with  a  top 
and  bottom  air  damper,  so  that  in  case  of  fi re  in  the  trans- 
fonner  the  dampers  may  be  closed,  thus  shutting  off  the  air 
supply  and  smothering  the  fire.  We  strongly  recommend  top 
and  bottom  dampers  on  all  air-blast  transformers,  especially 
where  a  common  air  chamber  is  used  If  the  transformers  are 
not  equipped  with  both  top  and  bottom  dampers  and  a  fire 
starts  in  one  of  the  transformers,  it  is  necessary  to  cut  off  the 
entire  air  supply  for  a  considerable  time,  depending  upon  how 
long  it  takes  to  put  out  the  fire.  This  might  compel  the 
station  man  to  disconnect  the  other  transformers  from  the 
service,  thus  resulting  in  a  complete  interruption. 

The  coherer  alarm  device  is  used  to  register  predetermined 
voltage  rises  on  the  transmission  line  itself,  across  reactance 
coils  or  on  aluniinium-cell  lightning  arresters.  In  order  to  get 
a  permanent  record  of  its  action,  it  can  be  connected  to  a 
relay  which  will  make  a  record  on  a  multi-recorder.  This 
device  has  been  found  very  convenient  to  register  the  dis- 
charges of  our  aluminium-cell  lightning  arresters.  Previous 
to  the  installation  of  this  device  it  had  been  the  custom  to 
install  with  each  alumhiiuni-cell  arrester  a  discharge  recorder 
which  has  a  continuously-moving  paper  punctured  by  the  dis- 
charges. We  finally  came  to  the  conclusion  that  while  these 
recorders  gave  us  much  desired  information,  the  continual 
replacement  of  paper  record  rolls  was  expensive  and  trouble- 
some. 

Electrostatic  potential-indicating  devices  are  used  to 
indicate  potential  on  feeder  circuits.  The  instrument  is  con- 
nected to  the  middle  point  of  two  strain  insulators  in  series, 
which  are  connected  between  each  live  wire  and  the  ground. 
The  displacement  current  through  the  insulators  is  sufficient 
to  operate  the  instrument.  Another  method  of  obtaining  the 
voltage  indications  is  to  install  potential  transformers  whose 
secondaries  are  connected  to  indicating  lamps  or  voltmeters. 
However,  this  means  is  rather  expensive  and  the  required 
space  for  potential  transformers  is  not  always  available.  It 
would  therefore  seem  that  the  potential-indicating  device  now 
on  the  market  might  fill  a  long-left  want. 


COST  ACCOUNTING  FOR  MANUFACTURERS.* 

It  is  a  fact  too  little  realised  that  an  accurate  determination 
of  costs  is  fundamentally  related  to  manufacturing  efficiency. 
More  and  more  concerns  are  joining  the  ranks  of  those  who 
realise  the  necessity  of  knowing  accurately  their  costs  of  manu- 
facturings and  selling.  Every  business  man  who  joins  in  this 
work  can  feel  that  he  is  doing  his  part  toward  the  improve- 
ment of  business  conditions  generally  and  his  own  business 
conditions  in  particular.  This  bulletin  has  been  prepared 
with  a  view  to  aiding  the  campaign  of  education  by  explainincr 
what  a  cost  system  is,  how  it  operates,  the  results  obtained, 
and  the  benefits  to  be  derived  from  its  operation. 

There  are  a  number  of  objections  in  the  minds  of  business 
ni en  who  have  not  installed  cost  systems  to  taking  the  matter 
up.  One  of  these  is  the  feeling  that  exists  in  the  minds  of  so 
many  that  their  business  is  unique  and  different  from  any 
other  and  that  no  system  could  be  devised  which  would  give 
them  true  costs.  It  is  unquestionably  true  that  some  lines  of 
manufacture  lend  themselves  more  readily  to  the  installation 
of  a  cost  system  than  others,  but  it  is  also  true  that  no  line  of 
manufacture  is  so  complicated  that  a  system  cannot  be  devised 
which  will  g^ive  reasonably  accurate  results. 

The  most  com nion  objection  is  that  of  the  cost  of  installation 
and  the  expense  of  operation.  Many  manufacturers  are  of  the 
opinion  that  a  cost  system  means  an  interminable  amount  of 
detail  and  red  tape  and  the  assistance  of  a  number  of  extra 
clerks.  It  is  true,  in  many  cases,  that  some  extra  labour  may 
be  required,  but  not  to  the  extent  that  the  manufacturer  fears. 

*  From  a  pamphlet  issued  bv  the  Federal  Trade  Commission,  Wasbinsfcon. 
D.C. 


Til  ore  is  in  nearly  every  office  ihnl  is  not  hvsI  (Miial  isecl  suffi- 
('"""  utinoccssary  work  clone  to  cut  the  exlra  work  down  to  a 
rnininuini,  and,  in  fact,  in  some  cases,  where  an  oflficre  haH  been 
systematise^,  il  has  not'  been  necessary  to  employ  any  extra 
iielp  at  all.  If  the  manufacturer  will  look  upon  a  coHt  system 
as  an  investment  which  he  expects  to  produce  for  hiiii  a  fair 
return  in  the  same  manner  that  an  iiivestrrjeiit  in  improved 
machinery  would,  the  objection  as  to  the  expense  is  not  a  valid 
one.  A  number  of  business  men  t liiiik  tliat-  money  spent  for 
stationery  is  wasted  and  that  a  cheap  ready-made  book  will 
answer  as  well  as  one  specially  designed  for  his  business. 
Other  business  men  are  of  the  opinion  that  they  do  not  need 
a  cost  syvSteni  because  they  know  what  their  goods  cost.  They 
may,  and  a  number  of  them  do  have  an  approximate  idea  of 
what  their  goods  cost,  but  in  a  large  number  of  instances  this 
supposed  knowledge  is  based  on  foremen  s  g^u esses  in  advance 
as  to  the  time  necessary  to  do  the  work  or  as  to  the  time  spent 
on  the  work  after  it  is  done.  Guesswork  is  unsafe  and  poor 
business  practice. 

Formerly  the  necessity  for  the  determination  of  true  manu- 
facturing costs  was  not  as  imperative  as  it  is  to-day.  Margins 
between  cost  and  selling  price  in  most  lines  were  larger.  Costs 
could  be  ignored  except  in  a  general  way  and  a  good  return 
still  be  made  on  the  investment  ；  but  to-day  margins  of  profit 
in  most  lines  of  trade  are  very  much  narrower  than  formerly, 
and  the  necessity  for  the  most  efficient  management  and  closest 
analysis  is  felt  as  never  before.  It  is  necessary  to-day  for  the 
business  man's  success  that  he  know  on  what  articles  he  is 
making  a  profit  and  on  what  he  is  incurring  a  loss.  Competi- 
tive conditions  are  seriously  disturbed  where  losses  on  one  or 
more  articles  are  recovered  by  profits  on  other  articles.  It  is 
obvious  that  a  manufacturer  should  not  only  know  the  cost  of 
each  article  he  manufactures,  but  that  he  should  see  that  every 
article  manufactured  bears  its  proper  share  of  factory  and 
general  overhead.  Most  inanufacturing  plants  have  grown  to 
a  size  which  renders  personal  supervision  impossible.  The 
only  reliable  way,  therefore,  by  which  an  executive  can  judge 
of  the  efficiency  of  an  organisation  is  through  a  system  of 
periodical  statistical  reports.  These  reports  can  only  be 
accurately  obtained  when  a  good  cost,  system  is  in  operation. 

New  methods  are  being  introduced  and  improved  machi- 
nery installed  in  the  factory  every  day,  with  a  view  of  reducing 
costs  either  by  the  elimination  of  waste  or  by  increasing 
efficiency.  It  is  impossible  to  know  whether  the  introduction 
of  these  improvements  will  reduce  costs  unless  the  manufac- 
turer knows  not  only  what  his  total  cost  is  but  exactly  what 
items  make  up  the  total.  Items  of  cost  are  frequently  lost 
track  of  when  the  total  only  is  considered,  while  if  these  items 
were  properly  segregated  so  as  to  show  what  they  were  they 
could  be  materially  reduced  and  in  some  instances  eliminated 
altogether. 

In  the  past  many  manufacturers  disliked  to  give  out 
information  concerning  their  business.  To-day  the  reverse  is 
the  case.  Trade  associations  are  compiling  statistics  as  to 
product icm，  shipments,  and  costs  for  the  benefit  of  their 
members,  and  the  mamifacturer  instead  of  trying  to  keep  this 
information  to  himself  welcomes  the  opportunity  to  supply  the 
data,  knowing  that  his  competitors  flve  doing  the  same  thing 
and  that  these  statistics  will  be  of  benefit  to  himself  and  to  his 
industry.  The  Federal  Trade  Com  mission  is  keenly  alive  to 
the  value  of  this  iiifonnation.  The  commission  is  urging 
manufacturers  to  determine  their  costs  accurately  in  the 
interest  of  better  trade  conditions.  It  believes  that  aiivtiiiii£: 
that  is  of  benefit  to  an  industry  is  of  benefit  to  the  public,  and 
it  is  also  of  the  opinion  that  the  nearer  cost  systems  approach 
uniformity  the  more  valuable  will  be  the  results. 

A  large  proportion  of  manufacturers  are  not  making  the 
nioiiey  they  should.  A  great  number  of  them  are  actually 
losing  money.  The  purpose  of  conducting  a  business  is  to 
make  money,  and  the  only  way  to  make  money  is  to  sell  some- 
thing for  more  than  it  costs.  The  first  essential,  then,  is  to 
know  the  cost.  It  is  the  belief  of  the  commission  that  the 
small  mar^n  of  profit,  existing  in  so  many  of  our  industries  is 
due  to  the  ignorance  on  the  part  of  maimfacturers  of  what 
their  goods  actually  cost  to  produce.  This  ignorance  causes 
them  to  make  unprofitable  prices,  which  the  manufacturer 
who  does  know  his  cost  is  forced  to  meet  to  a  large  extent. 
The  prime  object  of  a  cost  system  is  to  determine  costs,  to 
analyse  and  compare  them,  and  to  use  them  as  a  basis  for 
making  prices.    But  the  uses  and  advantages  go  further.  A 
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mainifacturer  from  reliable  records  is  able  to  make  clearer  and 
more  intelligent  statements  to  his  bank  and  thereby  obtain  a 
larger  line  of  credit  than  he  could  without  them. 

In  most  every  line  of  manufacture  there  are  some  classes  of 
work  done  on  which  the  manufacturer  loses  money.  This  may 
be  due  to  the  high  cost  in  his  own  plant,  or  it  may  be  due  to 
the  fact  that  some  competitor  is  better  equipped  to  make  that- 
particular  article.  A  cost  system  will  bring  out  these  facts 
and  will  show  the  manufacturer  which  lines  he  should  push. 
Salesmen,  like  everyone  else,  are  prone  to  follow  the  line  of 
least  resistance.  In  salesmanship,  the  line  of  least  resistance 
is  selling  the  goods  wliich  require  the  least  effort,  and  in  nearly 
every  instance  the  goods  which  require  the  least  effort  to  sell 
are  the  least  profitable  lines.  If  the  selling  force  know  that  a 
line  of  goods  produces  little  or  no  profit  and  are  told  to  use 
everv  effort  to  push  another  line,  the  result  will  be  apparent 
in  the  profit  and  loss  account.  Still  other  manufacturers  have 
customers  on  their  books  to  whom  they  have  been  selling  for 
years  and  have  been  giving  some  reduction  in  price  or  some 
concession  in  the  way  of  extra  work.  A  number  of  these 
accounts  are  decidedly  unprofitable,  and  a  cost  system  will 
bring  these  to  light  and  put  the  manufacturer  either  in  a 
position  to  raise  his  prices  to  a  profitable  basis  or  let  some  one 
else  have  the  unprofitable  business. 

In  every  nianufacturiiig  business  there  are  bound  to  occur 
leaks,  either  of  material,  labour,  or  expense.  If  statistics  are 
kept  showing  the  amount  of  material  necessary  to  do  certain 
classes  of  work,  the  amount  of  labour,  and  the  amount  of  over- 
head expense,  an  increase  in  any  of  these  items  will  be 
revealed  by  a  comparison  and  the  executive  wiil  be  in  a  posi- 
tion to  take  the  matter  up  for  investigation.  It  is  hardly 
necessary  to  say  that  after  a  few  of  these  matters  have  been 
taken  up  with  the  factory  the  factory  people  will  use  a  little 
more  care,  not  only  in  the  use  of  the  material  but  in  the  time 
they  spend  on  the  work.  A  cost  system  with  forms  properly 
designed  for  giving  statistical  information  is  of  the  greatest 
aid  to  factory  efficiency. 

A  system  will  not  run  itself  ；  neither  will  it  in  itself  reduce 
costs  nor  increase  efficiency.  This  is  strictly  up  to  the  manu- 
facturer himself.  A  system  will  give  him  the  information,  and 
if  this  information  is  properly  used,  he  will  unquestionably 
find  that  his  system  is  not  an  item  of  expense,  but  a  verv 
valuable  asset.  If  a  manufacturer  purchases  a  new  machine 
before  his  old  one  is  worn  out,  he  does  so  because  he  expects 
the  amount  expended  to  increase  his  profits  either  from 
economy  in  operation  or  from  an  increase  in  production.  He 
looks  on  this  as  an  investment  and  not  an  expense.  Office 
methods  have  been  improved  to  quite  as  large  an  extent  as 
machinery,  and  an  investment  in  improved  methods  will  pro- 
duce a  return  just  as  will  an  investment  in  improved  machi- 
nery. 

One  of  the  strongest  arguments  in  favour  of  installing  a 
practical  cost  system  is  the  fact  that  every  manufacturer  who 
has  installed  one  and  who  has  operated  it  for  at,  least  a  year  is 
firmly  convinced  that  it  is  a  paying  proposition.  The  Com- 
mission  is  ui'idng  manufacturers  to  give  the  subject  of  accurate 
costs  the  attention  it  deserves.  It  has  found  that  unreliable 
cosis  of  production  ami  distribution  cause  a  great,  deal  of 
unfair  competition  and  a  heavy  business  deat  h  rate.  While 
the  rlaini  is  not  made  that  a  cost  system  will  save  a  man  from 
failure,  the  claim  is  made  that  n.  man  who  knows  where  he 
stands  day  by  d ay  is  very  m uch  less  likely  to  make  a  failure  of 
his  business  than  one  who  is  directing  his  business  by  guess- 
work. 


The  Performance  of  Flexible  Staybolts. ― A  committee  of 
t  lie  MasI  vv  HoilfM-  M  akcrs'  Associat  ion,  in  a,  report,  presented 
at  the  m'fM"  annii  il  coiiventio",  furnished  data  as  to  tlie 
number  and  behaviour  of  flexible  stavbolls  in  use  on  the 
various  railroads  in  the  United  States.  The  cl  at  a  refers  to 
1  7,02G  locomotives  owned  bv  56  railroads,  and  the  averae^e  per 
railroad  is  as  follows  :  Total  number  of  engines  equipped  with 
flexible  staybolts,  309  ；  total  number  of  ensriiies  with  full 
installation  of  flexible  bolts,  22*4  :  total  number  of  bolts  in 
service,  1 74,71 3  :  total  munber  of  flexible  bolts  found  broken 
in  full  installation  in  past  six  years.  :  largest  number  of 
flexible  bolts  found  broken  at  time  of  inspection  in  any  class 
of  power,  5  ：  average  cost  of  flexible  bolt  test  per  engine. 
^28.42  :  per  cent,  of  flexible  staybolts  removed  on  account  of 
breakages  or  defects,  0-343  per  cent. 


CRYSTALLISATION  IN  COLD-WORKED  STEEL* 

BY  RALPH  H.  SHERRY. 

An  article  of  interest  to  manufacturers  u^^ing  various  forms  of 
cold- worked,  low-carboii  steel  was  published  in  the  "  Bulletin  '， 
of  the  Society  of  Automobile  Engineers  for  May,  1916.  The 
author  has  investigated  the  occurrence  of  coarse  crystallisation 
or  grain  growth  in  low-carbon  steel  with  a  number  of  com- 
mercial materials,  particularly  hot-rolled  rod,  cold-drawn  wire, 
hot  and  cold-rolled  sheet,  cold-rolled  strip,  cold-drawn  tubing, 
and  pressings.  In  the  maiuifacture  and  use  of  these  materials 
mysterious  epidemics  of  breakage  have  appeared  from  time  to 
time,  often  only  aggravated  by  the  use  of  treatments  supposed 
to  put  the  steel  in  the  best  possible  condition.  Material  sup- 
posed to  be  of  fine  grain  would  frequently  break  with  a 
coarsely  crystalline  fracture. 

Recent  investigations,  of  which  a  brief  survey  is  given, 
have  thrown  considerable  light  upon  this  phenomenon,  and 
methods  of  prevention  and  cure  for  many  materials  have  been 
determined.  According  to  the  author,  "  the  formation  of 
coarse  grains  in  low-carbon  steel  will  follow  the  action  of  a 
limited  amount  of  strain  exceeding  the  elastic  limit  and  sub- 
sequent annealing  within  certain  temperature  ranges.  This 
has  been  confirmed  by  all  investigators/' 

In  the  writer's  investigations  it  was  noted  on  varying  by 
narrow  steps  the  amount  of  strain  within  the  range  mentioned 
that  the  less  the  applied  strain  the  greater  was  the  grain  size 
on  subsequent  annealing.  Within  the  limiting  range  of  strain 
and  near  the  lower  limit  there  seems  to  be  a  definite  or 
" critical  ，'  strain  below  which  the  range  of  temperature 
within  which  grain  growth  occurs  is  limited  by  the  Ar,,  Ar。 
thermal  critical  points  (about  690"  and  780。  C. ― 1，275。  and 
1,435°  Fah.).  When  the  material  is  strained  beyond  this 
point,  the  annealing  range  is  considerably  extended,  falling 
between  about  650。  and  900。  C.  (1/200°  and  1,650。  Fah.). 
The  moderate  grain  growth  occurring  below  650°  C.  (1,200。 
Fah.)  noted  by  other  investigators  was  not  found  in  the 
author's  investigation.  This  "  critical  "  strain  mentioned 
above  has  not  been  noted  by  other  investigators,  but  the 
quantitative  effect  of  strain  on  the  grain  size  has  been  partly 
confirmed  by  the  work  of  Chappell. 

The  experimental  operations  were  carried  on  by  forging, 
cold-drawing,  cold-rolling,  and  cold-pressing,  i stamping. 
The  reduction  of  area,  witli  its  origin  at  the  elastic  limit,  was 
selected  as  the  standard  of  measurement  in  the  quantitative 
determinations  on  account  of  its  convenience  and  ready  appli- 
cation. Some  coarse  crystallisation  was  produced  in  hot- 
rolled  rod  by  hammering  cold  and  subsequently  annealing 
within  the  temperature  ranges  mentioned.  None  was  noted  in 
hot-rolled  rod  or  annealing  after  the  rolling  operations. 

Samples  of  hot-rolled  rod  of  from  Jin.  to  i^in.  diam.  were 
drawn  to  various  sizes  and  samples  from  each  draft 
annealed  at  temperatures  between  650°  and  900°  C.  (1,200° 
and  1,650°  Fah.).  No  grain  growth  was  found  outside  of  this 
range.  In  a  n  urn  her  of  tests  the  amount  of  reduction  was 
varied  bv  as  narrow  steps  as  possible,  in  some  cases  0.00】 in. 
These  samples  were  annealed  at  various  temperatures  within 
the  range  mentioned.  It  was  foiuid  that  witliin  certain  limits 
the  grain  size  after  annealing  is  inversely  proportionate  to  the 
applied  strain,  decreasing  gradually  with  increasing  strain 
until  the  normal  size  is  reached,  with  reductions  of  area  of 
about  25  to  30  per  cent. 

In  these  experiments  it  was  noted  that  with  reductions  of 
about  9  per  cent,  or  less,  the  temperature  range  within  which 
grain  growth  occurs  on  annealing  lies  between  about  690°  and 
780。  C.  (1,275""  and  1.435°  Fah.),  annealing  above  the  higher 
temperature  completely  refining  t-lie  grain.  The  only  excep- 
tion noted  was  in  cases  where  the  action  of  the  strain  was 
irregularly  distributed.  On  the  other  hand,  when  the  reduc- 
tion oF  area  is  trreater  than  about.  9  per  cent.,  the  range  of 
temperature  wif hiti  which  grain  erowth  occurs  on  annealing^ 
falls  between  about,  650。  and  900。  （，-  (1,200°  ami  1，650°  Fah.). 
There  is  apparently  a  "critical"  strain  occurring  at  about 
9  per  cent,  reduction  of  area.  Little  or  no  effect  was  pro- 
duced hv  reductions  of  ^rea  below  about  8  per  cent. 

These  results  were  checked  by  a  number  of  si"iilar  experi- 
ments.   Some  difficulty  was  encountered  in  duplicating  the 

♦  Abstract  of  paper  read  before  the  Amevic-m  Soc;i"ty  of  Automobile  Engineers, 
Juno  】216Ui,  1916. 
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results,  ospocia  ilv  wit  li  t  lie  lowest  reductions,  owiiii^  to  sligl"' 
variations  in  the  diiunot cm*  of  the  rod  or  to  its  being  slightly 
oul  of  roiiml,  t lie  efVect  at  times  being  confined  to  the  peri- 
phery or  io  local  areas.  Somewhat  similar  results  were 
obtained  with  cold-rolled  strip. 

The  same  conditions  were  found  to  occur  in  certain  cold- 
]lres^illt>•  operations.  In  pressings  of  the  cup  type  the  greatest 
ainount  of  st rain  occurs  at  the  periphery  of  the  blank,  reach- 
ing a  niiniimun  at  the  bottom  of  the  pressing.  On  annealing 
t vpical  pressings  within  the  temperature  ranges  mentioned, 
grain  growth  was  found  to  occur,  of  greatest  extent  near  the 
bottom  wliere  the  strain  was  the  least,  and  decreasing 
gradually  toward  the  top,  where  the  maximum  strain  was 
applied.  The  same  "  critical  "  strain  noted  in  the  cold  draw- 
ing was  found  in  these  pressing  operations. 

The  presence  of  coarse  crystallisation  has  considerable 
effect  upon  the  physical  properties.  The  resistance  to  shock 
and  the  tensile  properties  are  noticeably  affected.  In  tests 
made  it  was  found  that  the  elastic  limit,  maximum  strength, 
and  elongation  are  all  lowered. 

The  occurrence  of  coarse  crystallisation  in  coiimiercial 
materials  such  as  sheet  and  strip  steel,  tube,  cold-drawn  rivet 
steel,  and  cold  pressings  will  next  be  considered.  In  hot-rolled 
sheet  110  grain  growth  was  found  in  sizes  heavier  than  0* ISOiii., 
but  was  common  in  all  thinner  sheet  down  to  0  065in"  the 
lightest  size  examined.  The  grain  growth  was  generally 
moderate,  usually  being  between  0*08  mm.  and  0"12  mm.  cliani. 
In  some  cases  grains  as  large  as  0'40  mm.  diam.  were  noted, 
usually  in  the  heavier  sizes.  Where  grain  growth  was  found 
ill  cold-rolled  annealed  sheet  it  was  generally  coarser  than  that 
found  in  the  hot-rolled.  Sheet  of  decided  coarse  grain  may 
give  serious  trouble  in  certain  operations  such  as  pressing. 
When  it  is  necessary  to  refine  such  material  annealing  above 
790°  C.  (1，450°  Fak)，  or  in  some  cases  above  900。  C.  (1,650。 
Fah.),  is  necessary. 

On  a  commercial  scale  the  detection  of  grain  growt-li  is 
rather  difficult  when  applied  to  sheet,  requiring  the  com- 
bination of  a  microscopic  examination  and  a  tensile  test. 

The  prevention  of  grain  growth  in  hot-rolled  sheet  requires 
the  control  of  a  number  of  factors  rather  difficult  to  regulate. 
To  ensure  its  absolute  elimination,  annealing  above  900°  C. 
(1,650°  Fah.)  is  required.  The  difficulty  of  annealing  sheet  at 
this  high  temperature  is  obvious,  although  box  annealing 
should  be  feasible.  Somewhat  the  same  conditions  apply  to 
cold-rolled  sheet,  where  control  of  the  reduction  of  area,  a 
decidedly  difficult  factor  to  control,  is  necessary. 

Grain  growth  may  readily  occur  after  certain  cold  pressing 
operations.  Where  0"20  carbon  steel  can  be  used,  no  grain 
growth  will  occur,  but  in  the  usual  practice  low-carbon  steel 
is  used  in  which  grain  growth  can  readily  be  produced.  Where 
the  pressing  operations  are  light  improper  annealing  will 
cause  grain  growth,  and  control  of  the  annealing  temperature 
is  of  the  utmost  importance  in  such  cases.  The  annealing  of 
pressings  is  usually  looked  upon  as  an  operation  requiring  only 
elementary  control,  the  main  consideration  being  that-  the 
metal  reach  a  temperature  high  enough  to  soften  it,.  The 
usual  tendency  is  to  keep  the  temperature  up  and  so  it  may 
frequently  rise  within  the  dangerous  range. 

The  selection  of  the  proper  annealing  temperature  depends 
to  some  extent  upon  the  nature  of  the  operation  and  the  con- 
dition of  the  metal.  Certain  upsetting  operations  require 
annealing  at  temperatures  slightly  above  690°  C.  (1^275。  Fah.) 
and  a  few  pressing  operations  are  of  this  nature.  In  such 
cases  or  where  a  decidedly  coarse-grained  structure  exists  in 
the  metal,  annealing  it  at-  about  790-800。  C.  (1,450-1,470''  Fah.) 
may  refine  it  sufficiently  ；  if  not,  900°  C.  (1，650。  Fah.)  will  be 
required.  Temperatures  between  600。  and  650。  C.  (1,110^  and 
1,200"  Fall.)  are  usually  sufficiently  high  to  remove  the  effect 
of  cold  work.  In  the  case  of  pressings,  annealing  just  below 
690。  C.  ( 1 ,275''  Fah.)  will  usually  produce  grain  growth  so 
slight,  that-  it  will  not  be  the  cause  of  any  trouble  in  further 
operations. 

Grain  ^r^'owth  can  only  occur  when  the  strain  applied  has 
been  comparatively  light,  and  control  of  this  factor,  as  for 
instance  by  the  increase  in  the  extent  or  number  of  the  opera- 
tions before  annealing,  will  generally  permit  the  use  of  any- 
normal  annealing  temperature.  Very  often,  however,  the 
effect  of  the  operation  can  not  be  foretold  and  some  variation 
from  normal  may  occur  resulting  in  a  comparatively  light 
strain  in  some  unexpected  place. 


(i)'ain  growth,  usually  of  a  moderate  size,  generally  occurs 
oil  t he  ed^es  of  annealed  t)laiiks,  following  the  action  of  the 
blanking  press.  Where  further  work  is  applied  to  the  ))lank 
before  annealing,  grain  gmwth  does  nol  usually  occur.  This 
same  condition  may  occu r  around  pum'lietJ  holes.  Grain 
growth  will  occur  following  certain  light-  hemJing  operat ions 
if  the  annealing  temperature  is  not  proj)erly  controlled. 

General  methods  of  prevention  and  cure  are  as  follows  : 
The  control  of  t he  annealing  temperature  as  mentioned  is  of 
primary  importance.  Where  grain  growl  li  has  occurred  ami 
refining  becomes  necessary,  heating  above  900"  C.  (1 ,65C  Fah . ) 
will  refine  the  grain  completely.  If  the  scale  produced  should 
be  troublesome,  the  material  may  be  quenched  in  water,  sub- 
sequently annealing  at  540。  to  6卞5。  C.  (1,000°  to  1，250。  Fah.) 
if  necessary.  A  little  concentrated  hydrochloric  acid  thrown 
into  the  furnace  at  the  start  will  loosen  the  scale  so  that  it  can 
he  readily  removed.  In  many  cases  annealing  at  790。  （J. 
(1 ,435°  Fah.)  will  refine  the  grain  sufficiently  to  prevent 
further  trouble.  To  summarise,  grain  growth  in  low-carbon 
steel  can  be  avoided  by  the  use  of  comparatively  heavy  opera- 
tions on  the  metal  before  annealing,  or  by  proper  selection  and 
control  of  the  annealing  temperature  according  to  the  working 
conditions.  If  the  material  is  not  annealed,  no  grain  growth 
can  occur. 

(jonci ifslofis. ― (1)  Grain  growth  in  low-carbon  steel  may  be 
produced  by  permanent  deformation  within  certain  limits, 
followed  by  annealing  within  certain  temperature  ranges. 
(2)  The  greater  the  amount  of  strain  applied  within  these 
deformation  limits,  the  smaller  will  be  the  grain  size  produced 
by  annealing.  (3)  The  annealing  range  within  which  grain 
growth,  due  to  strain  beyond  the  elastic  limit,  may  be  pro- 
duced lies  between  650°  and  900。  C.  (1,200°  to  1，6爿0°  Fah.) 
except  in  certain  cases  where  it  lies  between  690°  and  780°  C. 
(1,275°  and  1,435°  Fah.)-  (4)  When  the  applied  strain  falls 
below  a  certain  or  "  critical  "  amount,  the  annealing  range 
within  which  grain  growth  can  occur  seems  to  be  limited  by 
the  thermal  critical  points  at  about  690。  and  780°  C.  (1,275^ 
and  1,435°  Fah.).  (5)  The  most  practical  standard  by  which 
to  measure  the  strain  applied  seems  to  be  the  reduction  of 
area.  Experiments  based  upon  such  measurements  show  that 
no  grain  growth  occurs  following  a  reduction  of  area  of  less 
than  about  7  per  cent,  or  more  than  about  25  to  30  per  cent 
The  "  critical  "  strain  mentioned  seems  to  be  marked  by  a 
reduction  of  area  of  about  9  per  cent.  (6)  The  refining  action 
taking  place  at  about  780。  C.  (1,435°  Fah.)  is  a  further  indica- 
tion of  the  presence  of  a  thermal  critical  point  at  this  tempe- 
rature. (7)  No  serious  grain  growth  was  found  in  steel  the 
carbon  content  of  which  was  uniformly  above  about  0'15  per 
cent. 


PRESSURE-REDUCING  VALVE. 

Some  improvements  have  recently  been  made  and  patented  by 
Messrs.  Sir  W.  H.  Bailey  &  Co.,  Ltd.,  of  Albion  Works, 
Salford,  in  pressure-reducing  valves  for  steam  and  other 
fluids.  The  acconipanyincr  sectional  view  shows  a,  Foster 
patent,  reducing  valve  embodying  the  improvements  which 
have  for  their  object,  to  render  the  valves  quieter  and  smoother 
in  action  by  obviating  concussion  and  ensuring  a  more  gradual 
and  uniform  passage  of  the  fluid  from  the  high  to  the  low- 
pressure  side  of  the  valve.  In  the  Foster  reducing  valve  the 
pressure  desired  to  be  delivered  to  the  heating  or  other  system 
is  set  and  automatically  governed  by  an  adjustable  spring 
acting  through  a  system  of  toggle  levers  on  a  diaphragm  in  the 
valve  chamber  ；  this  diaphragm  has  a  spindle  passed  through 
it  and  one  end  of  the  spindle  is  engaged  by  the  toggle  levers 
and  the  other  end  of  the  spindle  carries  a  double-beat  valve 
having  two  seatings  in  the  valve  body  through  which  steam  or 
other  fluid  under  pressure  is  passed.  The  invention  relates  to 
； I  double-beat  pressure-reducing  valve  of  tlie  above  type  and 
consists  essentially  in  forming  one  of  the  double-beat  valves  as 
a  slidiii"r  piston  valve,  whilst  the  other  valve  of  the  pair  is  of 
the  usual  bevel-edged  type. 

Referring  to  the  illustration,  B  designates  the  inlet  and 
C  the  outlet  of  the  valve,  E  the  diaphragm,  F  the  valve  stem, 
A  D  the  double-beat  valves,  G  the  adjustable  spring,  H  a  nut 
on  the  screwed  portion  of  the  spring  rod  for  regulating  the 
delivery  pressure,  and  J  toggle  levers  acting  in  combination 
with     links     K.        The    valve     A.     of     the  double-beat 


192 


THE   MECHANICAL   ENGINEER.  [September  8，  1916 


valves  is  made  in  the  form  of  a  sliding  pisto"  valve, 
as  shown,  whilst  the  otlier  valve  D  of  the  pair  is  of  the 
usual  bevel-edged  lift  type,  by  which  means  high-pressure 
steam  is  enabled  to  pass  first  througli  the  lift  valve  D  whilst 
the  piston  valve  A  remains  closed  until  the  delivery  pressure 


PRESSUBE-BEDUCING  VaLVE.  . 

is  reduced  to  such  a  point  that  the  piston  valve  A  is  also 
opened  and  the  steam  or  other  fluid  passes  through  both  the 
double-beat  valves  in  a  greater  volume,  whereby  "  wire  draw- 
ing ，， and  any  cutting  action  of  the  fluid  on  the  valve  face  and 
seats  is  prevented. 


NEW  PATENTS. 

Specifications  of  th  r  foUoving  are  n oir  jmhJished,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  n  rript  of  8d.  Address 
Mechanical  Enginerr,^*  53,  New  Bailey  Street,  Manchester, 

MECHANICAL,  1915. 

Apparatus  for  raising  liquids.    Vicuna.  7325. 
Pumps.    Mort.  9917. 

Gear  rolling  machines.    Anderson.    10369  and  11472. 
Screw-down  valves  and  taps.    Hammond.  10460. 
Generator  for  gas-producer  plants.    Allen.  10881 
Boiler  fu rn iices.    Breach.    1 1390. 
Change  speed  gearing.    Jenny.  11605. 
Internal  combustion  engines.    Brougham.  11678. 
Machine  for  bending  angle-iron  or  tee-iron  bars  into  rings.  Scott. 
11692. 

Grinding  machine.    Schueler.    12015.  ' 
Riveting  machines.    Larsen.  12153. 
Compressed  air  brakes.    Chapsal,  and  Saillot.  12551. 
Starting  gear   for   internal  combustion  engines.     Cray  me  r  and 
Si  m  pson .  13'V5(1. 

Jib  cranes.  HaUcock  Wilcox.  Ltd.,  and  Hoi  lie  and  Gray, 
Interna  1-coni h ii st i o u  engines.    Golby.  13717. 

Lubricators  for  internal-combustion  engines.    McGregor.  13768. 
Ignition     apparatus    for     internal-combustion    engines.  Van 

Deventer.  l-'iSlo. 
Interlooking-appa ratus     for  railways.    Kershaw^  Haywood,  and 

Saxhy  &  Farmer,  Ltd.     14525.'  ' 
Starting  apparatus    for    internal  c()m)>ustion    engines.  Crossley, 

■  HuskissDTi,  ^  Barley.  15107. 
Surface  gauge  or  scribing  block.    Scott.  15742. 
Adjustable  l  eversihle  high-pi'ossu  re  don  hie  pump.    Parkes.  1(;()'37. 
Feed  motions  for  machine  tools.    Holroyd.  16187. 
Condensing  steam  turbines.    Haunian.  16432 
Bolt  driving  gear.    Cryer  &  Mangiiall.  16956. 

Duplex  boring  and  turnin^i  mills.    Wchster  &  Bennottj  Ltd.,  and 
T  horn  pson.  17937. 

1916. 

Propelling  apparatus  iV»r  vehicles.    T*]l('ctric  Boat  C'ompany.  826. 
Lathe  for  finishing  shell.s.    Prctot,  V.  K.    1660.  ' 
Combined  vaporising  and  induction  pipe  for    using   mixed  or 

heavv  f mpIs  in  internal  coin hiistion  engines.    GraVj  A.，  Gaskcll. 

J.，  and  Wilkes,  AV.  T.    2934.  ^ 


Packing  rings  for  pistons.    Brookes,  N.  E.  3219. 

Internal  combustion  engines.    Addyman,  E.  T.  W.  3808. 

Means  for  operating  plate  valves  used  in  connection  with  gas 

producers.    Ashworth,  A.,  and  Dempster,  R.  &  J.,  Ltd.  4171. 
Reversing  gear  for  metal-planing  machines.    St  irk,  J.  G.  4486. 
Fluid-pressure  relief  valves.    】3aile;\、  F.  M..  and  Dale,  W.  B.  554^. 
Means  for  supplying  combustible  c'larges  to  internal-combustion 

engines.    Henderson,  G.-  C.  C.  ()648. 
Lock  lints.    Van  (ler  Valk's  "  Cortitndo  "  Patentmoer.  6707. 
Means  for  stopping   woi-king   machines,   or  motion-transmitting 

devices.    Johnson,  G.  \V.  8701. 
Chucks  for  lathes.    McLaren,  J.，  and  McLaren,  H.  8864. 
Lock  nnts.    Simpson,  J.  T.  11027. 

ELECTRICAL.  1915. 

Electric  regulator  or  governor.    Holm  Hansen.  11(390. 
Dynamos.    Neuland.  11935. 

Driving  and  controlling  dynamos.    Rhodes  &  Firth.  11974. 
Electrical  instruments  of  the  moving  coil  tvpe.   Palmer,  Denham. 

and  Ferrauti,  Ltd.    12314.  '  ' 

Systems  of  electric  ship    propulsion.      British  Thomsoii-Honstoii 

Company.  12361 
System  for  the  generation  of  electric  currents.    Benitez.  14311. 
Electric  arc  lamps.    Railing  &  Aiigold.  10095. 
Earth  current  detectors  and  cut-outs  for  electrical  circuits.  John 

and  John.  17901. 

1916. 

Means  for  controlling  and  regulating  electric  motors.  Igraiiic 

Electric  Company.  1374. 
Electro  magnetic  release  or  cut-out.    Fantini,  A.  1483. 
Electro-magnetic  relays.    Siemens  &  Halske  Akt.-Ges.  6541. 


METAL  QUOTATIONS. 

TUESDAY,  SEPTEMBER  5th. 

Aluminium  ingot    ―  per  cwt. 

，，        wire,  according  to  sizes,  &c  from  ―  ，， 

,,        sheets   ,,  ―  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   1/3§  per  lb. 

，，    tubes  (brazed)    1/5^  ，， 

，，       ，， (solid  drawn)    1/3 J  ，， 

，，        ，， wire    l/2f  ,, 

Copper,  Standard    £109/10/-  per  ton. 

Iron,  Cleveland    87/6  ，， 

，， Scotch    ―  ，, 

Lead,  English   £33/10/-  " 

，， Foreign  (soft)   £30/-/-  ，， 

Mica  {in  original  cases),  small   6d.  to  3/ —  per  lb. 

，，  ，，       ，，         medium    3/6  to  6/-  ，， 

，，  ，，       ，，        large    7/6  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    32  |d.  per  oz. 

Spelter  (American)   £42/-/-  per  ton. 

Tin,  block   •   £170/15/-  per  ton. 

Tin  plates,  I.C   32/-  per  box. 

Zinc  sheets    £72  per  ton. 


Books  for  British  Prisoners  of  War. ― The  recent  revelations 
respecting  the  condition  and  needs ― physical  and  mental ― of 
some  of  the  British  prisoners  of  war  interned  abroad,  coupled 
with  the  recently  imposed  restrictions  on  the  transmission,  by 
private  individuals,  of  any  printed  matter  to  enemy  or  neutral 
countries,  makes  it  more  important  than  ever  that  friends  and 
correspondents  of  our  interned  men,  when  writing  to  them, 
should  acquaint  them  with  the  existence  of  an  Educational 
Book  Scheme  under  which  they  can  get  their  wants  supplied. 
Under  this  scheme  any  such  prisoner  can  obtain,  free  of  charge 
and  carriage  paid,  good  books  of  an  educational  character  (not 
fiction  or  light  literature)  on  almost  any  subject  for  reading 
or  private  study  during  his  intenuBent,  by  communicating 
(either  directly  or  througli  a  correspondent)  with  Mr.  A.  T. 
Davies,  of  the  Board  of  Education,  Whitehall,  London,  S.W. 
Prisoners  are  invited  to  state  as  precisely  as  possible  on  a  form 
(which  can  be  had  gratis  on  application)  what  kind  of  books 
they  desire.  The  evidence  that  has  already  reached  this 
country  shows  that  it  is  necessary  to  provide  not  merely 
physical,  but  also  mental,  sustenance  for  British  prisoners 
during  their  confinement ― and  this  the  above  Educational 
Scheme  aims  at  doing.  Offers  of  suitable  books  for  the  latter 
will  be  gladly  received  by  Mr.  Davies,  but  they  should  be 
accompanied  by  a  submission  of  the  list  of  books  proposed  to 
be  contributed. 
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=FLEXIBLE= 
METALLIC  TUBING 


♦I 菌? 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  2) 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD   OFFICE : 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON.  E.C. 
Works :   PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "perfect"  VISE 


J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

The  Practical  Metallography 
of  Iron  and  Steel. 

By  JOHN  S.  G.  PRIMROSE,  a.r.t.c.  a.i.m.m  .m.i.m. 

Leotm^er  on  Metallurgy,  and  demonstrator  on  Motallof^'rajihy  at  the 
Koyal  Technical  College,  Glasgow. 

Price   3s.  3d.  Post  Free. 

Every  Iron  and  Steel  Works  should  bo  provided  with  a  mc3talloSraiihic  laboratory 
with  a  PuitablG  equipment  in  which,  by  Sck'ntific  methods,  the  daily  working  im,y 
be  controlled  and  iinprovod,  antl  tliat  this  may  be  efficient,  every  worker  should 
be  familiar  with  tlic  principU's  on  \vliit--h  ilio  researches  are  based.  This  book  has 
been  prepared  tor  tlie  use  of  thoso  who  arv,  roninit'iicinu  tlic  study  <>f  ]notallo^ra!)liy. 
Tho  work  is  a  thorouf^hly  i)i';i,rtiiral  one.  t,li''m'('Ur;il  c-onsi'lcriitions  iR'in^  as 
brief  as  i)ORsibh'.  The  or)n tents  (.-oiiiinisc  (.'xluiusU vc  rlui  i'k'is  mi  IVlirrostL-uctuic 
of  Iron  and  Steel  ；  Constitution  of  Iron  and  Steel  ；  Heat  Tvoatnicnb  of  Iron  and 
Steel  ；  Microt^rapliic  Examination  of  Failures  :  Metallo^^raphic  Apparatus  and  its 
Manipulation.   

THE  SCIENTIFIC  PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  Manchester. 


Telegrams ：  ''Scientific/*  Manchester. 
Telephone  No.  6655  City. 


SUBSCRIPTION  RATES- 


United  Kingdom  :  12/6  per  annum,  post  free  ■ 

Canada  :  14/6  per  annum,  post  free. 

Anywhere  Abroad  : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  ，，  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 

Note. ― Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book."  、 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Pnblishiiig  Company,  and  forwarded  to  our  Manchester  Office, 
53，  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  1；) repaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


The  Revival  of  "Ca'canny." 

The  resolution  passed  by  the  Trades  Union  Congress  indicat- 
ing the  intention  of  the  delegates  to  insist  after  the  war  on 
the  restoration  of  all  trade  union  "  rights  and  privileges/'  in 
the  shape  of  restriction  of  output,  demarcation  of  labour, 
and  other  odious  phases  of  the  system  of  ('  ca，  canny  "  so  ram- 
pant before  the  war,  should  not  perhaps  be  taken  too 
seriously.  The  outlook  on  social  questions  and  relationships 
of  most  of  us  has  been  materially  altered  by  the  war,  and  we 
do  not  suppose  the  trade  union  section  of  society  has  escaped 
the  infection.  At  all  events  the  delegates  at  the  conference 
cannot  pretend  to  speak  for  that  large  portion  enrolled  in 
the  Army,  whose  feelings  must  have  been  seriously  harried 
on  many  occasions  during  the  last  two  years  at  the  sight  of 
fellow  members  in  receipt  of  high  wages  and  free  from  mili- 
tary restraint  demanding  further  special  rewards  and  condi- 
tions in  return  for  service  which  they  were  rendering  in  fuller 
and  more  deadly  measure  in  the  trenches.  There  have  been 
times  when  the  action  of  trade  unionists  at  home  must  have 
appeared  to  those  in  France  very  much  like  blackmailing. 
However,  as  we  have  said,  we  are  not  inclined  to  take  the 
resolution  too  seriously.  There  will  be  many  readjustments 
to  make  after  the  war ― a  great  deal  of  give  and  take  ；  and 
though  peace  between  the  Mi.iistry  of  Munitions  and  many- 
trade  unions  was  only  purchased  by  the  Government  on 
several  occasions  during  a  period  of  extreme  war  anxiety, 
by  promises  to  restore,  when  peace  comes,  the  hateful  trade 
union  regulations  that  prevailed,  it  must  not  be  forgotten  that 
when  any  adjustment  is  made  public  opinion  will  have  to  be 
taken  into  account,  and  that  this  opinion  will  not  only  em- 
brace the  changed  feelings  of  soldiers  returning  to  civil  life, 
but  also  those  of  the  large  army  of  munition  workers,  both 
men  and  women,  who  have  been  recruited  to  manufacture  the 
needs  of  the  Army  and  whose  labours  have  proved  how  easily 
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much  of  the  reputed  skill  in  the  handling  of  modern  engi- 
neering tools  and  machinery  could  be  acquired,  and,  what  has 
been  even  more  striking,  how  greatly,  when  such  labour  was 
unfettered,  the  output  could  be  increased.  In  view  of  this 
we  do  not  think  public  opinion  in  the  future  will  be  so  easily 
misled  or  so  ready  to  accept  trade  unionists'  estimate  of  their 
own  importance.  Democracy,  in  our  opinion,  will  mean  a 
great  deal  more  in  the  future  than  it  has  done  in  the  past, 
and  any  attempt  of  a  minority  of  society  to  tlinist  it's  opinions 
and  restrictions  on  the  rest  is  likely  to  meet  with  prompt 
punishment.  The  wiser  heads  in  the  trade  unions  recognise 
this,  and  the  assent  of  many  of  them  to  the  resolution  passed 
at  the  congress  is,  we  believe,  only  an  effort  to  save  appear- 
ances for  the  extremists,  who  endeavoured  to  take  advantage 
of  a  nation's  extremity  for  their  personal  benefit. 


Division  of  Profits  Between  Capital  and  Labour. 

In  the  course  of  his  admirable  address  to  the  engineering 
section  of  the  British  Association,  Mr.  Gerald  Stoney  took 
occasion  to  illustrate  the  fallacy  of  the  argument  often  em- 
ployed by  certain  Socialists  to  sow  discord  between  classes, 
that  the  division  of  the  profits  of  engineering  industry  between 
capital  and  labour  is  grossly  unfair  to  the  latter.  It  has 
often  been  exposed,  but  there  can  be  no  harm  in  repeating  it 
at  the  present  juncture,  when  many  attempts  are  being  made 
to  revive  it  in  an  acute  form.  The  average  capital  expendi- 
ture per  workman  employed  in  an  engineering  works,  accord- 
ing to  an  investigation  made  by  Mr.  Stoney  some  years  ago, 
and  since  confirmed  by  a  similar  enquiry  into  shipbuilding 
yards,  as  well  as  by  the  Census  of  Production,  is  round  about 
£200，  while  an  investigation  of  the  dividends  paid  shows  them 
to  be  about  4  per  cent,  on  the  capital  employed.  It  is  true 
the  dividend  in  the  case  of  some  firms  is  much  more,  and 
reaches  10  to  15  per  cent.,  but  they  are  often  working  with 
a  large  amount  of  preference  or  debenture  capital  at  a  much 
lower  rate  of  interest,  while  against  them  must  be  set  com- 
panies that  do  not  pay  any  dividends  at  all,  and  of  which,  of 
course,  nothing  is  said,  for  it  is  division  of  profits,  not  of  losses, 
that  is  sought  by  these  society  equalisers.  It  may  be  taken 
that  the  average  profit  received  by  shareholders  is,  in  round 
figures,  £8  per  year  per  individual  employed,  and  the  average 
wages  for  men  and  boys  in  engineering  works  in  normal  times 
is  £70  per  annum ― at  present  it  is  no  doubt  much  more ― 
from  which  it  will  be  evident  that  the  worker  gets  between 
eight  and  nine  times  as  much  as  the  capitalist ― 、not  a  bad 
proportion  for  sticklers  for  equality.  The  figures  show  how 
small  is  the  margin  of  profit  on  enterprise  secured  by  tlip 
capitalist  as  a  rule,  and  is  a  thing  to  remember,  for  in  the 
absence  of  profit  capital  will  cease  to  erect  works  and  seek 
more  profitable  outlets  elsewhere.  As  matters  stand  at 
present  every  £200  invested  in  a  factory  in  Britain  means 
work  and  livelihood  for  one  workman.  The  mutual  mistrust 
with  which  many  workmen  and  employers  regard  each  other 
is  a  regrettable  feature  of  present-day  relations,  and  if  Mr. 
Stoney  exposes  the  fallacy  of  some  of  the  arguments  distilled 
into  the  ears  of  workmen  by  trade  union  agitators  who  have, 
by  fomenting  d Iscord  either  between  workmen  and  employers 
or  between  one  trade  union  and  another,  lie  is  equally  out- 
spoken respecting  the  disregard  for  workmen's  comfort  and 
convenience  shown  by  many  firms.  Why,  he  asks,  should 
Factory  Acts  be  necessary  to  ensure  proper  lighting  and  ven- 
tilation ？  Why  should  shop  sanitary  arrangements  often  be  a 
disgrace  ？  Why  should  it  be  so  rare  to  find  a  decent  pro- 
vision for  tlie  warming  or  obtaining  of  meals,  or  the  drying 
of  clothes  ？  These  are  pertinent  questions,  and  the  arrange- 
ments that  have  been  developed  during  the  last  two  years  to 


secure  the  welfare  and  comfort  of  workpeople  in  Government 
munition  works  shows  not  only  how  much  more  can  be  done 
to  make  workpeople's  lives  comfortable,  but  how  much  many 
employers  have  neglected  to  do  so.  We  are  a  nation  of 
workers,  and  seeing  that  the  majority  of  us  must  spend  the 
greater  part  of  our  lives  at  our  respective  tasks,  there  is  no 
reason  why  we  should  not  make  them  as  agreeable  as  pos- 
sible. It  is  not  only  common-sense  but  good  business,  for  an 
efficient  workman  must  first  be  a  contented  workman. 


REVERSING  GEAR  FOR  PLANING  MACHINES. 

The  accompanying  illustrations  show  an  arrangement  of 
reversing  gear  for  planing  machines,  the  invention  of  Mr.  J. 
G.  Stirk，  25,  Lentilfield,  Ovencleii  Road,  Halifax.  Fig.  1  is  a 
plan  view  of  a  portion  of  a  planing  machine  bed  with  the  gear 
applied.  Fig.  2  is  an  end  elevation  partly  in  section  of  Fig.  1. 
Fig.  3  is  a  side  elevation  of  Figs.  1  and  2.  A  small  pinion  A 
is  mounted  oh  the  end  of  the  bull-wheel  shaft  B,  This  pinion 
gears  with  a  wheel  C  mounted  upon  a  stud  D  and  having 
internal  or  external  teeth  E.  The  wheel  C  has  adjustably 
secured  thereto  dogs  F  which ― as  it  is  revolved  by  the  pinion 
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A ― strike  one  of  the  arms  G  of  a  double-armed  electric  revers- 
ing switch  H  controlling  the  reversing  mechanism^  in  the 
ordinary  manner  similar  to  that  of  the  ordinary  dogs,  but  at 
a  ni  uch  reduced  velocity,  and  consequently  with  a  corre- 
spondingly reduced  shock.  The  wheel  C  may  be  indexed  to 
give  a  direct  scale  reading  of  the  stroke  movements  of  the 
table  J  to  facilitate  measuring  and  adjustment  of  the  stroke. 
For  instance,  if  pinion  A  measures  3iii.  diarn.  on  pitch  line 
and  bull-wheel  K  similarly  measures  24in.,  a  iiiovement  of 
1  lin.  on  the  pitch  of  wheel  C  is  equal  to  1ft.  of  traverse  of  the 
table,  and  a  corresponding  diagram  set  out  or  attached  to  the 
side  of  wheel  or  disc  C  may  act  in  conjunction  with  the  dogs  F. 


The  Nottingham  Society  of  Engineers.— The  first  meeting 
of  the  new  session  will  be  held  at  the  Welbeck  Hotel,  on  Wed- 
nesday, October  18tli,  at  7-30  p.m.  The  meeting  will  be 
devoted  to  the  reading  and  discussion  of  short  papers  on 
engineering  subjects,  and  members  are  invited  to  submit  such 
papers,  which  should  not  take  more  than  ten  minutes  to 
read.  Six  papers  will  be  read,  and  members  will  then  be  asked 
to  vote  for  the  two  best  papers,  so  they  can  be  discussed  and 
prizes  awarded.  All  papers  should  be  sent  to  Mr.  J.  F. 
Chambers,  The  Elms,  Daybrook,  Nottingham,  by  October  2ncl. 
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BOOK  REVIEWS. 

Theory  and  Practice  of  Modern  Framed  Structures.  l)i'sigiu'(l 
lor  use  ol"  srhools  and  prot'essiuiial  engineers,  by  the  late 
J.  H.  Johnson,  C.E.,  C.  W.  B17H11,  C.K.，  Chief  Engineer 
ot  the  AnieiicHu  liridge  Company,  and  V.  E.  Tunieaure, 
C  E.  ；  ill  t  liree  parts.     Part  【11.:   Design.     New  York  ： 
Jolni  Wiley  &  Sous.     London  :  CMiapinan  &  Ilall.     ！)] in. 
by  6]in.    486  pp.    Price  17s.  net. 
The  design  of  framed  structures  has  largely  resolved  itself 
into  more  or  less  standard  forms,  and  differences,  where  they 
do  exist,  are  mainly  in  matters  of  detail.    It  is  difficult  for 
writers  of  text  books  to  present  anything  new,  and  such  merit 
as  they  can  claim  individually  must  arise  out  of  the  descrip- 
tion of  the  particular  models  taken  as  examples,  and  arrauge- 
iiient  of  subject  matter.      lii  this  respect  the  volume  under 
notice  is  entitled  to  a  fair  measure  oi'  coinpliitieut  as  a  sound 
illustration  of  the  details  of  American  practice.      The  first 
seven  chapters  are  devoted  to  a  treatment  of  fundamental 
topics,  which  are  then  illustrated  by  the  detailed  design  of 
several  structures.    These  include  a  plate  girder,  a  pier  con- 
nected railway  bridge,  various  forms  of  riveted  trusses,  a  steel 
roof  truss,  and  a  steel  building  frame.    In  addition,  there  are 
several  appendices,  one  giving  the  general  specification  of  the 
American  Engineering  Kailway  Association,  a  second  giving 
the  most  frequently  used  standards,  and  a  third  treating  01 
the  mechanics  of  uusymmetrical  bending.    The  chief  value  of 
the  book  to  students,  for  whom  it  is  primarily  intended,  is  the 
careful  way  in  which  details  are  illustrated  and  considered 
and  the  excellent  series  of  plates  reproduced  from  working 
drawings. 

Water  Powers  of  Canada.  Published  by  the  Uepartmeiit  of 
the  Interior,  Ottawa,  1916. 
This  volume  consists  of  a  series  ot"  five  monographs  pre- 
pared by  eminent  Canadian  water  power  engineers,  aud  cover- 
ing the  actual  aud  potential  sources  of  water  power  in  the 
various  parts  of  this  vast  Dominion.  They  were  prepared 
originally  in  connection  with  the  Interuational  Eugineering 
Congress  in  Sau  Francisco  in  September  last,  but  owing  to  the 
large  demaud  they  have  been  reproduced  collectively.  While 
not  pretending  to  be  a  complete  report  ou  the  water  power 
of  the  Dominion,  they  cover  fairly  well  and  in  a  popular  way 
the  power  which  has  been  developed,  and  give  information  as 
to  the  method  of  administration  in  the  various  provinces,  and 
to  what  officials  communications  should  be  addressed  for 
further  information  by  those  who  contemplate  the  founding  of 
industrial  enterprise.  The  volume  is  not  only  interesting  to 
commercial  men  as  a  revelation  of  the  potential  power 
resources  of  this  glorious  colonial  empire,  but  to  the  general 
reader  for  the  idea  it  affords,  through  the  medium  of  the 
photo  views  scattered  through  its  pages,  ol'  the  unrivalled 
beauties  of  its  niouutaiu  and  river  scenery.  No  country  in 
the  world  possesses  such  variety,  and  some  idea  of  its  industrial 
potentialities  may  be  interred  from  the  fact  that  within  the 
Dominion,  aud  excluding  the  North-west  territories,  it  is 
estimated  that  uearly  18,000,000  li.p.  is  available  in  its 
streams,  and  that  of  this  vast  total  less  than  1|  millions  have 
so  far  been  developed,  though  this  deveioprneut,  it  should  be 
noted,  has  practically  taken  place  within  the  last  20  years. 

"The  Journal  of  the  Institute  of  Metals. '  (Vol.  XV.)  Edited 
by  G.  Shaw  Scott,  M.Sc  The  Institute  of  Metals, 
Caxton  House,  Westminster,  S.W.    21s.  net. 

Corrosion  matters  dominate  the  latest  issue  of  the 
" Journal  of  the  Institute  of  Metals."  Perhaps  this  is  as  it 
should  be,  for,  since  the  last  volume  appeared,  the  Govern- 
inent  have  made  a  grant  equivalent  to  £1,000  per  anuuni  to 
the  Institute  to  carry  on  research  work  on  this  important 
subject.  The  present  volume  contains  the  third  report  to  the 
Corrosion  Committee,  along  with  the  discussion.  In  addition, 
there  is  a  description  of  an  electrolytic  method  of  preventing 
corrosion,  which  depends  on  the  application  of  a  counter 
electromotive  force.  Among  other  papers  are  two  dealing 
with  aluminium  aud  its  alloys,  as  well  as  one  on  "  The  Anneal- 
ing of  Nickel-Silver,"  and  another  on  "  Electric  Furnaces  as 
Applied  to  Non-ferrous  Metallurgy."  In  addition,  abstracts 
are  given  of  scientific  papers  from  all  parts  of  the  world. 


The  Strength  of  the  Webs  of  I-Beams  and  Girders.  I5ull*'l  m 
So.  Si).  KiiyiiU't'riii^'  lOxpci  iiiicnl  Slat  ion,  U iiiversily  ol 
Illinois. 

For  the  purpose  of  studying  tlie  web  slruiiis  in  I-heariis 
ami  girders  tests  liave  l)een  conducted  at  the  K»igim，eri，ig 
Exporiinent  Station  of  the  University  of  Illinois  011  a  number 
ot  specimens  consisting  of  12iii.  I-beams  Iwwiiig  webs  planed 
down  to  a  thin  section  and  24  in.  built-u])  girders  having  webs 
of  thin  plates.  The  test  data  w("(>  used  in  conjunction  with  a 
mathematical  analysis  to  determine  the  iinportance  of  the 
diagonal  strains  and  the  methods  of  failure  of  girders.  The 
results  show  (r/)  that,  in  general,  the  shearing  stress  is  a 
maximum  at  the  neutral  axis,  but  that  diagonal  stress  a1  ihe 
junction  of  web  and  flange  must  be  considered,  (/>)  that 
approximate  methods  of  computing  shearing  stress  in  webs 
should,  under  certain  conditions,  be  checked  by  more  exact 
methods,  ((,)  that  stiffeners  at  supports  and  under  concentrated, 
loads  are  very  necessary,  and  (c/)  a  formula  is  developed  for 
the  buckling  strength  of  webs.  The  investigations  were  con- 
ducted by  Prof.  H.  F.  Moore  and  Prof.  W.  M.  Wilson  ；  and 
copies  of  the  Bulletin  may  be  obtained  on  application  to 
W.  F.  M.  Goss,  Director,  Urbana,  Illinois. 


BOOKS  RECEIVED. 
Ruler  and  Compasses.    By  Hilda  P.  Hulson.  M.A..  ScD. 
London  ：    Longmans,  Green,  &  Co.     7^in.  by  5in.     143  pp. 
Price  6s.  net. 

Earth  Pressure  Retaining  Walls  and  Bins.  New  York  ：  Wiley 
and  Sons.  Loudon  ：  Cha[)inan  &  Hall.  9in.  by  6iii.  287  pp. 
Price  10s.  6d.  net. 

Arithmetic  for  Engineers.  By  Chas.  B.  Claphani.  London: 
Chapiuan  &  JIall.    8|in.  by  6iii.    435  pp.    Prica  5>.  6d.  net. 

Gas  Engine  Ignition.  By  Earle  B.  Noi'ris,  M.E..  R.  K. 
Winning.  B.8.,  ami  W.  C.  Weaver,  B.S.  New  York: 
McGraw  Hill  Book  Company.  9^iii.  by  6^111.  Price  6s.  3:1. 
net. 

Gas,  Oil,  and  Petrol  Engines.  By  A.  Garrarti.  London  ： 
Wluttaker  &  Co.    7^iii.  by  5|in.    220  pp.    Price  5s.  net. 

Fire  Protection  for  Passenger  Ships.  British  Fire  Prevention 
Coininittee  Repoi-l .  No.  '」)（）•';.  8|in.  by  5iiii.  44  pp. 
Price  3s.  6(1. 

Applied  Mechanics  and  Mechanical  Engineering.  By  Andrew 
J  ainiesoii.  AI .  Inst.C.E.  K(lite(l  by  Ewart  S.  Andrews. 
Vol.  1,  Applied  Mechauios,  lOtii  edition.  Londou  :  Chas. 
Griffin  &  Co.    Sin.  by.  5iii.    371  pp.    Price  6s.  net. 

Masonry  Dam  Design.  By  C.  E.  Morrison,  C.E.,  Ph.D., 
and  O.  L.  Erodie.  C.E.  'Jud  edition.  New  York  ：  John 
Wiley  &  Sous.  Loudon  :  Chapman  &  Hall.  9iii.  by  6iii. 
1^76  pp.    Price  10s.  6d.  net. 


STARTING  APPARATUS  FOR  INTERNAL-COMBUSTION 
ENGINES. 

An  arrajigeiiieiit  tor  starting  inlenial-coiii  bust  ion  engines  by 
means  of  compressed  air,  the  supply  of  the  latter  in  the  com- 
pressed air  receiver  being  replenished,  when  required,  by  the 
engine  itself  charging  the  air  receiver  by  delivering  com- 
pressed air  into  it  from  the  power  cylinder  during  the  com- 
pression strokes  of  the  engine  piston,  has  recently  been 
patented  by  Messrs.  Crossley  Bros.,  Ltd.,  Openshaw,  Man- 
chester, Mr.  Win.  lluskisson,  aud  Mr.  L.  F  Barley. 

The  arrangement  is  shown  in  the  accompanying  sectional 
views  applied  to  an  oil  engine,  the  cylinder  being  shown  at 
A,  cylinder  retaining  valve  at  B,  compressed  air  receiver  at  C， 
air  receiver  retaining  valve  at  D，  air  receiver  stop  cock  at  E， 
hand  lever  at  F  keyed  to  the  fulcrum  pin  G，  a  notched 
quadrant  at  H,  the  inoperative  •，  position  of  the  hand  lever 
at  J，  "  starting  "  position  at  L,  and  "  charging  "  position  at 
K,  an  engine-operated  cam  at  M,  cam-operated  lever  at  _N 
oscillating  011  the  eccentric  fulcrum  P,  fuel  valve  at  Q,  engine 
piston  at  R，  and  cam-shaped  projection  S  on  the  hand  lever. 

When  the  apparatus  is  not  in  use  the  hand  lever  is  placed 
in  the  "  inoperative  "  position  J  as  shown  and  the  stop  cock  E 
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is  closed.  When  the  engine  is  to  be  started  the  stop  cock 
is  opened  and  the  hand  lever  F  is  moved  into  the  "  starting  " 
position  at  L,  and,  owing  to  the  lever  N  being  mounted 
eccentrically  to  the  pin  G  on  the  fulcrum  P,  this  brings  the 
one  end  of  the  lever  N  in  contact  with  the  cam  M，  the  other 
end  of  the  lever  opening  the  valve  D，  thus  admitting  co:ii- 
pressed  air  from  the  receiver  C  through  the  valve  D  past  the 
valve  B  (the  latter  becoming  self-acting  in  action)  into  the 
cylinder  A  and  imparting  an  impulse  to  the  engine  by  forcing 
the  piston  R  outwards  on  each  working  stroke  until  the  hand 
lever  F  is  moved  away  from  the  '*  starting  "  position,  or  until 
the  air  from  the  receiver  is  exhausted,  or  until  the  stop  cock  E 
is  closed.  When  the  engine  is  working  and  it  is  desired  to 
replenish  the  supply  of  compressed  air  in  the  air  receiver  the 
stop  cock  E  is  opened  and  the  hand  lever  is  moved  over  to  tlie 
" charging  position,  thus  opening  the  cylinder  retaining 
valve  B.  The  air  compressed  in  the  cylinder  A  on  the  com- 
pression stroke  then  passes  out  of  the  cylinder  through  the 
valve  B,  air  receiver  retaining  valve  D  (the  latter  becoming 
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selt-acting  in  action),  and  stop  cock  E  1o  the  receiver  C.  As 
soon  as  the  supply  is  sufficiently  replenished  the  stop  cock  E 
is  closed  and  the  cylinder  retaining  valve  is  closed  by  moving 
the  hand  lever  F  back  to  the    inoperative  position. 

While  charging  the  receiver  from  the  air  compressed  in  the 
cylinder  it  is  desirable  to  prevent  the  admission  of^  fuel  to  the 
engine  ami  this  is  done  with  the  hand  lever  F  so  that  one 
operation  hot h  opens  tlie  cylinder  retaining  valve  and  also 
prevents  the  admission  of  fuel  to  the  engine.  The  oil  fuel 
valve  Q  is  lifted  off  its  seat  by  the  cam-shaped  projection  S  on 
the  fulcrum  boss  of  the  hand  lever  when  the  hand  lever  is 
moved  to  the  charging  position.  In  t his  case  the  oil  fuel  is 
normally  passing  across  the  head  of  the  valve  Q,  say  to  a 
sprayer,  under  pressure  from  a  piunp,  but  when  the  valve  Q  is 
opened  the  oil  is  by-passed  through  the  valve  to  the  lower 
opening  shown  and  thence  1  o  1  he  oil  supply  reservoir,  1  hus 
prevent  iiit^  it  lieing  admitted  to  the  engine. 


CARE  OF  LOCOMOTIVES  WITH  RELATION  TO  FUEL 
ECONOMY.* 

II Y  A.  K.  W'IM.SIK. 

Much  is  expected  of  a  locomotive:  it  is  called  upon  to  do 
more  work  and  stand  up  to  nioie  punishment  and  lack  of 
care  than  is  economical  from  the  fuel  standpoint.  Every 
delay,  every  piece  of  careless  or  indifferent  work  on  the  part 
of  road  or  shop  or  roundhouse  men,  every  neglect  of  inaclii- 
nery,  boiler,  or  flues  reverts  back  to  the  coal  pile. 

Boilers, ― The  boiler  capacity  of  a  locomotive  should  be 

•  Paper  rend  before  the  International  Railway  Fuel  Association. 


ample  over  the  cylinder  volume,  as  it  cannot  be  100  per  cent, 
efficient  all  the  time.  This  is  true  "for  several  reasons,  such 
as  the  condition  of  tlie  fuel,  which  varies  as  to  weathering, 
slack  and  non-combustible  material,  condition  of  water, 
condition  of  boiler  and  flues,  inexperienced  firemen  and  men 
newly  promoted  to  the  position  of  engineer.  All  of  these 
tend  to  detract  from  the  desired  100  per  cent,  efficiency. 
The  boiler  is  required  to  furnish  steam,  not  only  for  the 
cylinders,  but  is  also  called  upon  to  furnish  steam  for  much 
other  work. 

A  ir  ( 'oin pressors. ― Oftentimes  from  10  to  15  per  cent,  of 
the  entire  coal  consumed  on  a  trip  is  used  to  generate  steam 
wliioh  is  used  by  the  compressors.  This  is  not  always 
realised.  Air  compressors  should  be  equipped  with  the  proper 
kind  of  strainers  to  protect  the  air  intakes  :  the  best  is  none 
too  good.  Arrangements  should  be  made  so  that  it  is  pos- 
sible to  lubricate  the  air  end  properly.  This  item  is  badly 
neglected  on  many  roads,  and  with  bad  results.  The  old- 
style  strainers  have  holes  knocked  in  them  wit.li  any  conve- 
nient tool,  alncl  then  oiling  takes  place  through  the  air  intake, 
which  is  very  bad  ；  tliis  also  allows  just  that  much  more 
foreign  substance  to  be  pulled  into  the  compressor  and  dis- 
charged through  the  main  drum,  and  back  through  the  feed 
valves,  brake  valve,  and  other  parts.  There  should  be  no 
traps  in  the  steam  line  between  the  supply  vaWe  and  governor, 
or  between  the  lubricator  and  the  steam  line  leading  to  the 
com pressoi^s,  and  yet  this  often  occurs.  Another  important 
factor  is  to  see  that  the  proper  sizes  of  pipes,  valves,  and 
governors  are  used  for  the  different  sizes  of  compressors  ；  this 
refers  more  especially  to  engines  tliat  have  had  larger  cylin- 
ders put  on  with  a  reduced  boiler  pressure,  and  in  some  cases 
two  compressors  being  installed  instead  of  one. 

The  ail"  compressor  exhaust  should  be  located  so  that 
the  steam  will  not  go  directly  up  tlie  stack,  as  when  standing 
this  creates  a  terrific  draught  on  the  fire,  giving  the  same  effect 
as  a  strong  blower  and  resulting  in  a  great  waste  of  coal. 
A  good  plan  would  be  to  have  every  engine  equipped  with 
a  2-way  valve,  controlled  from  the  cab,  so  that  the  pump 
exhaust  could  be  turned  into  the  tank,  when  so  desired. 
This  would  take  all  the  draught  away  from  the  fire,  if  used 
when  standing,  and  would  lieat  the  water  in  the  tanks,  result- 
ing in  a  saving  of  coal  to  the  amount  of  1  per  cent,  for  each 
11°  of  increased  temperature.  Tlie  water  can  be  safely  put 
up  to  90°  or  100°  without  any  trouble  whatever  as  to  the 
working  of  the  injectors.  As  the  average  temperature  of  the 
water  is  probably  about  55°  or  60°,  the  saving  made  possible 
by  using  this  waste  heat  from  the  pump  exhaust  is  worth 
caring  for. 

Sf('<nn  L i //  f  f(f  A  / r  (Ujm  j}rf  R>;<)rs, —— " Steam 
Power  Plant  Engineering,"  by  G.  F.  Gebhart,  Professor  of 
Mechanical  Engineering  of  Armour  Institute,  is  quoted  as 
follows :  "  For  most  practical  purposes  the  loss  of  heat  from 
hare  steam  pipes  or  drums  may  be  taken  at  3  B.T.U.  per 
square  foot  of  heating  surface  per  hour  per  degree  difference 
ill  temperature  of  steam  inside  and  air  outside.  '  The  average 
difference  between  air  temperature  and  steam  at  2001bs. 
pressure  may  be  taken  as  322°.  Twenty  feet  of  l^in.  pipe 
expose  20  sq.  ft.  of  surface.  As  there  are  8,760  hours  in  a 
year,  an  engine  may  be  assumed  to  be  under  steam  at  least 
3,000  hours  per  year.  Assuming  that  the  coal  used  has  a 
heating  value  of  12,000  B.T.U.  and  that  the  engine  has  an 
efficiency  of  60  per  cent.,  tlie  loss  per  engine  will  show 
9,660  B.T.U.  per  hour,  or  28,980,000  B.T.U.  per  year,  which 
is  the  equivalent  of  4,0251bs.  coal.  Tliis  does  not  cover  all 
tlie  loss,  as  condensed  steam  or  water  entering  the  steam  end 
of  the  compressors  is  much  less  efficient,  ruins  the  lubrication, 
and  in  time  more  waste  occurs  by  cut  valves,  valve  seats,  and 
the  pistons  of  the  compressor. 

l{<«]'ui1'ion  (if  Boiler.— Yrom  tests  made  by  Dean  Goss 
several  years  ago  on  a  small  engine  with  61  per  cent,  of  the 
boiler  covered,  the  loss  standing  was  181bs.  of  coal  per  liour, 
the  air  temj)erature  being  80°.  The  loss  at  2 8 '3  miles  per  hoii r 
was  371bs.  of  coal  per  hour.  On  same  boiler  witli  no  covering  the 
loss  standing  was  481bs.  of  coal  per  hour  and  at  28'3  miles  per 
hour  was  lOOlbs.  of  coal  per  hour.  This  gives  an  idea  of  the 
importance  of  keeping  the  boilers  well  lagged,  and  also  of 
getting  them  out  with  the  least  terminal  delay. 

Scale. ― There  seems  to  be  a  variation  of  opinion  as  to  the 
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losses  duo  to  tlio  act'inmilat ion  of  scale  in  boilers.     Soiiio  ol 
the  best  authorities  give  the  iijjproxiinate  losses  as  shown  in 
tlio  following  table  : 
Thickness  of  sculo  : 

1 1 G-1    1/3:2    1    11;     1;8    3  / 1 G  .3 /S     1/2    '「)  /  S    :i  / .  t 

Per  cent',  loss  ol'  heat  ing  power  : ― 

2        4        i)       18      27      38      48      (；()      74  90 

These  figures  are  not  considered  absolutely  accurate,  as 
these  losses  are  not  found  to  occur  in  all  boilers,  because 
the  whole  of  the  boiler  surface  does  not  usually  become 
covered  ；  still  the  loss  is  always  serious,  apart  from  the 
stresses  set  up  in  the  boiler  plates.  A  test  was  made  by 
Prof.  Breckinridge,  of  tlie  University  of  Illinois,  on  a  mogul 
freight  engine,  which  had  been  in  service  for  21  months.  This 
engine,  alter  heing  tested,  was  then  sent  to  the  sliops  and 
new  flues  installed  and  again  tested,  the  same  as  before.  In 
order  to  get  the  average  thickness  of  scale,  it  was  entirely 
removed  from  the  tubes  and  weighed.  This  thickness  ga\c 
an  average  of  3/64  of  an  inch  over  the  principal  heating  sur- 
face, and  showed  a  loss  in  heating  power  due  to  the  scale  of 
9*55  per  cent. 

Soot. ― The  writer  has  been  unable  to  obfcaiii  any  reliable 
data  as  to  the  percentage  of  loss  due  to  soot  in  flues  on 
locomotives,  but  holds  to  the  opinion  that  the  amount  of 
soot  that  will  adhere  to  the  inside  of  a  flue  will  cause  as 
much  loss  of  heating  power  as  ^rLin.  scale  on  the  water  side 
of  flue,  or  2  per  cent.,  and  any  ash  accumulating  in  the  bottom 
of  flues  causes  still  a  greater  loss,  according  to  the  area 
covered.  Boiler  trials  conducted  by  the  engineering  depart- 
ment of  the  University  of  Illinois  show  that  as  between 
having  the  tubes  cleaned  eacli  morning  and  allowing  the  soot 
to  remain  on  tlie  tubes,  there  can  be  effected  an  increase  in 
evaporation  due  to  clean  surfaces,  13  per  cent.,  a  decrease 
in  coal  burned  per  square  foot  of  grate  per  hour  of  32.16  per 
cent.,  and  a  lowering  of  stack  temperature  of  17'59  per  cent. 
Prof.  Ordway,  in  the  '  Transactions  of  tiie  American  Society 
of  Mechanical  Engineers  "  (Vol.  VI.,  page  168),  shows  that 
there  are  only  two  materials  that  rank  higher  than  soot  as 
non-conductors  of  heat.  The  first  is  loose  wool  :  the  second  is 
live  geese  feathers.  Asbestos  is  thirteenth  on  the  list.  One 
would  not  think  of  covering  boiler  tubes  with  asbestos,  but  on 
the  other  hand,  we  seem  to  think  very  little  of  coating  our 
boiler  tubes  with  soot  and  ash  ；  and  yet,  thickness  for  thick- 
ness,  soot  will  stop  five  times  as  much  heat  as  fine  asbestos. 

Washifif/. ― A  boiler  should  be  washed  regularly,  vising 
hot  water  with  a  pressure  of  aboiit  lOOlhs.  Begin  early  and 
keep  at  it,  and  do  not  allow  accunuilatioiis  of  sludge.  Nothing 
is  gained  by  trying  to  get  too  many  miles  out  of  an  engine 
between  washings,  as  the  foul  boiler  results  in  water  being 
carried  over  into  cylinders,  ruining  lubrication  and  packing, 
while  at  tlie  same  time  the  mud  and  scale  in  the  boiler 
reduces  the  rate  of  l:eat  absorption. 

Drauf/hfinij. ― After  the  boiler  has  been  put  and  kept  in 
first-class  condition,  the  next  important  step  is  proper  draught- 
ing. This  includes  nozzles  with  free  and  unobstructed  open- 
ing of  as  large  an  area  as  is  possible  for  good  steaming. 
Engines  should  be  draughted  and  grated  for  the  coal  that  is 
to  be  used,  and  the  same  grade  of  coal  should  be  supplied  as 
far  as  practicable.  Tii  this  way  the  crews  become  familiar 
with  the  best  way  to  handle  the  coal,  and  the  engines  will 
burn  it  more  economically.  The  centre  of  the  nozzle  must 
not  only  be  plumb  with  the  centre  of  the  stack,  but  it  must 
be  level,  otherwise  the  exhaust  steam  will  not  properly  fill 
the  stack.  There  should  be  no  ragged  edge  of  smokebox 
shell  where  the  stack  is  fastened  on.  In  order  that  the  nozzle 
and  front  end  may  per  Form  their  functions,  the  flues  must  be 
kept  clean  and  dry,  and  no  leaks  must  be  allowed  in  tlie  steam 
pipes,  dry  pipe  connections,  or  in  nozzle  stand  seat.  Special 
attention  should  also  be  given  the  running  of  nozzles  with  as 
large  openings  as  possible,  for  the  reason  that  with  reduced 
nozzle  openings  the  temperature  of  the  superheated  steam  in 
the  cylinders  gets  so  high  that  it  is  injurious  to  the  lubrica- 
tion and  pistol 卜 rod  packing,  making  it  difficult  to  prevent  the 
packing  from  melting.  When  an  engine  begins  to  lag  on 
steam,  reducing  or  bridging-  the  nozzle  should  be  the  last 
resort  ；  the  trouble  is  usually  some  place  else. 


11'〃〃/'  /"M、、v'x.  A  tot.al  leak  of  but  one  pint,  per  niiiiuie 
is  181)  "falls,  per  hours.  (>"e  him 山 'ed  and  ci<^lily  ^^allons 
per  day  is  G5,7()()  galls,  per  year.  As  t  lies (！  Utaks  occur 
whether  engine  is  under  steam  ()r  imt  ,  full  t  i/ne,  liours  per 
(lay,  lias  been  figured.  One  pint  per  niiiiute  is  a  very  small 
leak,  taking  into  cousideiatioii  the  leaks  aroinid  iaiik,  tank 
hose  and  injector  overflows,  A  bout.  '」（,Ujs.  of  w  aior  is 

necessary  to  prime  a  iion-lirtiiig  injector,  Init  (jlten  several 
times  this  amount  is  used,  due  to  neglect  on  t'lie  part  of  the 
crew,  and  tlieii  additional  waste  after  the  injector  steam  valve 
is  closed.  Another  bad  waste  is  carelessness  in  filling  tanks  ； 
they  often  overflow  to  the  amount  of  100  galls,  or  more. 
While  an  overfiowiug  tank  has  nothing  to  do  wit  li  iiiain- 
tenaiice  of  the  engine  or  tender,  it  represents  a  loss,  just  the 
same,  and  a  coal  loss  in  cases  where  coal  is  burned  under 
nij)  house  boilers. 

Sft'((m  Le<tk>i. —— If  steam  leaks  were  the  same  (lib.  or 
one  pint  per  minute),  and  assuming  tlie  engine  was  uiulor 
steam  one-third  of  the  time,  the  waste  would  be  65,700  galls., 
divided  by  three,  which  equals  21,900  galls"  or  182, 5001  bs.  of 
steam  ；  this  divided  by  five,  equivalent  evaporation,  gives 
36,5001bs.  of  coal.  This  waste  is  liable  to  occur  in  leaky 
jjops,  surface  cocks,  valves  in  cabs,  injector  throttles,  blowers, 
steam  heat  valves,  and  main  throttle  of  engines.  All  steam 
leaks  must  be  avoided. 

Oil  engines  in  freight  service  equipped  with  train-heating 
apparatus  the  steam  valve  in  the  cab  is  usually  cracked  a 
trifle  to  allow  some  circulation  to  avoid  the  line  freezing  up  ； 
this  soon  cuts  the  seat,  and  then  it  is  impossible  to  close  the 
valve  tightly.  On  engines  in  this  class  of  service  a  small  by- 
pass valve  may  well  be  used,  so  that  circulation  may  be  pos- 
sible with  no  injury  to  the  main  and  reducing  valves.  The 
expense  of  grinding  in  the  small  valve  will  amount  to  nothing 
compared  with  the  other  valves.  The  main  throttle  must 
be  kept  tight,  as  a  matter  not  only  of  safety  but  economy. 
The  waste  is  very  bad  with  leaking  throttle,  as  can  be 
evidenced  by  observing  the  condensation  and  blowing  at 
cylinder  cocks.  Steam  joints  in  front  end  should  be  tested 
every  30  days.  Leaks  in  front  ends  of  superheater  engines 
can  be  so  bad  that  no  superheated  steam  reaches  the  cylin- 
ders, yet  the  engine  may  work  along,  doing  nearly  as 
well  as  a  saturated  engine.  If  such  leaks  occurred  with  a 
saturated  engine  there  would  be  a  complete  engine  failure. 
Simmering  flues  soon  honeycomb  the  sheets,  reduce  the  heat- 
ing surface  and  waste  coal.  Honeycomb  must  be  removed 
from  all  parts  of  the  firebox,  but  is  often  left  on  crown  stay- 
bolt  heads. 

(rt'dfes, ― Grates  must  be  kept  in  good  condition,  so  that 
they  will  work  freely,  and  there  s^hould  bo  no  u iinecessary 
openings,  such  as  at  broken  fingers  ；  they  soon  allow  a  hole  in 
fire,  \vitli  loss  of  fuel  going  to  ash  pan,  which  is  a  waste 
and  injures  the  pan,  and  also  allows  too  nnicli  free  air,  result- 
ing in  poor  combustion  and  possibly  leaky  flues.  If  the 
grates  work  hard  the  fireman  puts  the  job  off  as  long  as  he 
can,  resulting  in  heavy  fires  and  waste  of  fuel.  Grates  should 
he  shaken  onlv  when  necessary,  and  not  too  hard.  They 
^^hould  be  shaken  only  when  the  engine  is  standing  or  drift- 
ing, this  to  avoid  tearing  holes  in  the  fire. 

. 1 1  vhex. ―  Arch  tubes  should  be  used.  This  not  only  gives 
more  heating  surface,  but  makes  it  possible  to  get  much 
more  mileage  out  of  tlie  arch  brick.  A  relies  supported  on 
studs  do  not  last  nearly  as  long，  and  when  one  brick  goes 
down,  at  least  one  more  (tlie  opposite)  goes  with  it,  then 
the  trip  is  continued  with  an  arch  of  im proper  dimensions, 
resulting  in  loss  of  fuel.  The  saving  in  coal  by  use  of.  an 
arcli  is  not  all  due  to  the  arch  itself,  as  by  the  use  of  an 
arch  the  fireman  is  compelled  to  do  a  better  job  of  firing 
than  he  might  possibly  do  were  there  no  arch  in  the  firebox, 
he  being  compelled  to  fire  lighter  and  more  often  ；  and  there 
will  not  be  so  many  "  conversation  fires."  The  maintaining 
of  a  good  arch  of  the  proper  height  reduces  a  great  deal  of 
the  front  end  losses,  which  are  greater  than  generally  con- 
sidered ; these  front  end  sparks  contain  25  to  40  per  cent, 
carbon  and  upwards  of  12,000  B.T.U.  per  pound. 

Fire  Doors,— Fire  doors  should  be  kept  in  good  condition. 
Witli  pneumatic  doors  tlie  air  connections  should  be  kept 
tight,  and  the  deck  so  maintained  that  the  fireman  can  operate 
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the  tripper  conveniently.  Tf  the  old-style  swing  door  is  used 
tlie  chain  should  be  hung  properly,  so  as  not  to  bother 
the  fireman.  It  should  be  just  long  enough,  but  not  so  long 
as  to  wrap  around  door  latch  or  other  projections  on  boiler 
head.  The  catch  to  hold  the  door  open  must  be  so  arranged 
as  to  catch  the  doov  each  1  ime,  ot  her  wise  it  is  very  (lifficuli 
to  get  the  fireman  to  s、viiig  the  door  between  each  two  shovel- 
fuls of  coal. 

Tender  Det^iyn  and  Mainf<  imnve, ― Decks  of  engines  must 
be  kept  tight  with  no  openings  aroiuul  the  pin  holes  or 
liliaker  levers  and  other  places.  A  loss  of  1^00 lbs.  per  trip 
through  such  openings  is  very  conservative  witli  the  average 
fireniau.  The  same  with  decks  and  tanks  ；  and  the  shovel 
plate  slioiild  be  sinootli,  with  no  seams  or  rivets.  Tanks 
should  be  built  so  that  coal  will  be  kept  within  easy  reach  of 
the  fireman.  There  should  be  guards  to  prevent  coal  work- 
ing out  of  the  gangways.  The  coal  gates  should  be  so  con- 
structed and  inaintained  as  to  ))revent  the  loss  of  coal.  The 
same  applies  to  the  construction  of  the  tank.  Usually  the  coal 
space  is  longer  than  it  is  wide  ；  if  so,  the  tail  boards  should 
be  higher,  or  shaped  to  confonn  to  the  crown  of  the  pile  of 
coal  on  tender.  The  tendency  is  also  for  the  coal  to  work 
forwards  and  backwards  more  or  les8，  on  account  of  the 
jar  of  coupling  on  to  cars.  The  manhole  on  tender  should 
be  as  long  as  allowable,  so  that  the  water  crane  spout  will 
fit.  Even  if  the  engine  is  not  spotted  directly  opposite,  this 
sav^s  delay,  which  saves  coal  and  also  saves  water  and  time 
in  filling  the  tank.  If  the  tank  lias  a  small  manhole  and 
the  engine  does  not  stop  in  proper  position  to  take  water 
there  is  a  delay,  and  steam  is  vised  in  】iioviug  forward  or 
back. 

General  Jltnudk.s. —— Roundliouses  and  tlieir  surrouiuliii^s, 
such  as  good  coal  chutes,  clinker  pits,  and  turntables,  all  go 
to  lielp  maintain  tlie  engines  and  save  coal.  If  the  engine 
cannot  get  into  the  house  it  cannot  be  given  proper  attention, 
especially  as  to  flue  cleaning.  Just  being  allowed  to  thaw 
out  in  the  winter  time  helps  considerably.  If  the  required 
work  cannot  be  done,  the  engine  makes  another  trip  or  more 
and  uses  more  coal  than  it  should.  Stacks  should  be  covered 
while  in  the  house,  to  save  heat  and  save  flues,  and  the 
boiler  will  hold  steam  much  longer.  If  an  engine  is  kept 
ill  good  condition  it  is  not  only  possible  for  it  to  do  better 
work,  but  it  encourages  the  engineer  and  fireman  to  do  better 
work.  When  tliey  are  able  to  handle  the  trains  faster  the 
conductors  and  brakemen  naturally  get  into  the  game,  r.lso 
the  dispatcher,  with  the  result  that  the  crews  are  on  the  road 
less  time,  saving  time  and  overtime,  all  of  which  saves  coal, 
if  the  engine  is  not  worked  beyond  the  economical  ]'Oint. 
Lack  of  attention  to  rod  and  journal  bearings  soon  results  in 
lieated  bearings. 

A，///〃 ""'/•、•  (uiff  F ((  ( flu  II . ― Engineers  and  firemen  can  help 
a  great  deal  toward  maintaining  the  engine,  to  save  coal 
while  in  their  charge ；，  as  well  as  hamlliiig  the  coal  oconorni- 
rally  while  on  the  trip.  Co-operation  and  liarmoiiy  m ust  exist. 
Have  the  fire  and  water  of  proper  level  before  starting. 
Start  tlie  train  carefully  ；  avoid  slipping  and  raising  of  water  ； 
use  the  steam  expansively  ；  take  advantage  of  the  grades  ； 
work  the  engine  no  harder  than  is  necessary  ；  work  full 
tlirottle  as  far  as  practicable,  using  the  reverse  lever  to  con- 
trol the  power  required.  】）roper  firing  and  "pumping  are 
very  essential.  This  will  place  the  engine  on  clinker  pit  track 
with  a  good  head  of  steam  and  plenty  of  water  and  fire,  in 
such  condition  as  to  recjuiie  hut  little  (Way  in  getting  the 
engine  into  the  house. 

(J 《, -operation. ― The  engineers,  firemen,  trainmen  and  dis- 
patchers, shop  】nen  and  rounclliouse  forces,  the  cliief  dis- 
j)atclier,  vard master,  and  roundhouse  ofTlce  must  work  to- 
gether. Avoid  al ！  the  t'ei'niiiial  delays  possible,  giving  the 
nieclianical  department  the  benefit  of  every  hour  allowable 
to  put  engines  in  condition.  J  lave  an  understanding  as  to 
when  the  engine  will  be  needed,  as  the  niecliajiical  depart- 
ment can  often  take  advantage  of  this  time  to  ilo  v.(jrk 
which  could  be  put  off  ；  but  in  allowing  this  tlie  re])airs  to 
be  made  would  be  more  expensive  later  on,  and  in  the  mean- 
time more  coal  would  be  used. 

(Jenfral  Officfrx^  Boih  () pevdf huj  and  M ( rjirf niraL These 
officers  should   flo  everything    possible    Lo  get  good  round- 


house facilities  and  terminals,  otherwise  the  eii^iue?=  cannot 
get  the  care  they  need.  Delay  in  getting  to  tlie  house  is 
often  caused  by  coal  chutes,  clinker  pits,  and  turntables  being 
inadequate.  The  roundhouse  is  sonietiuies  too  small  and  not 
proj)er]y  lighted  or  lieated,  and  the  stalls  so  slioit  that 
engines  cannot  be  placed  inside  and  the  doors  closed.  Poor 
steam  and  air  plants  and  tools  all  go  to  prevent  proper 
maintenance,  consequently  a  loss  of  fuel.  The  operating 
department  should  not  order  engines  till  needed,  and  then 
should  gets  them  over  the  road  in  the  least  time  j)ossible, 
according  to  the  work  req uiied  of  them.  Engines  can  be  over- 
loaded and  worked  beyond  the  economical  point  of  combus- 
tion, resulting  in  heavy  luaintenaiice  and  also  waste  of  coal. 


INSTITUTE  OF  MARINE  ENGINEERS. 

Pkeshjential  Aduhess. 
At  the  opening  meeting  of  the  new  session  of  the  Institute  of 
Marine  i^ngiiieers.  Sir  James  Mills,  K.C.M.G.,  iii  his  pre- 
sidential address,  dealt  with  the  general  relations  between 
shipowners  and  engineers,  and  the  importance  in  the 
national  interests  of  luaintaining  a  high  standard  of  ability 
and  character  on  the  part  of  marine  engineers,  as  follows  : ― 

As  a  shipowner  I  am  naturally  interested  in  the  develop- 
ments of  marine  engineering,  but  \\\y  interest  is  that  of  a 
business  man  rather  than  of  an  engineer.  It  is  true  that  the 
aim  of  both  the  shipowner  and  the  engineer  is  to  secure  the 
highest  eliiciency,  but  you  will  recognise  that  tlie  shipowner 
must  take  into  account  many  questions  which  do  not  come 
within  the  province  of  the  engineer.  One  can  easily  conceive 
the  production  of  a  type  of  machine  whicli  from  a  strictly 
technical  point  of  view  might  be  a  triumph  of  marine  engineer- 
ing, but  which  considerations  of  business  policy  would  not 
allow  the  shipowner  to  adopt.  In  such  case  the  inventor  is 
Jipt  to  be  impatient  with  the  shipowner,  who,  while  not 
unsyinpathetic,  is  compelled  to  turn  down  liis  invention  as 
unsuitable  for  practical  business  purposes.  Reverses  of  this 
nature,  however,  only  stimulate  tlie  inventor,  who  is  on  the 
light  track,  to  set  his  wits  to  work  to  overcome  whatever 
objections  may  be  pointed  out  to  him. 

The  respective  functions  of  the  engineer  and  shipowner  are 
never  antagonistic  ；  on  the  contrary ,  the  progress  of  shipping 
largely  depends  upon  the  skill,  resource,  and  general  efficiency 
of  the  engineering  profession,  and  I  take  it  that  at  no  time 
were  these  qualities  more  conspicuous  than  they  are  to-day. 
Each,  however,  has  his  own  special  sphere,  and  it  is  only  by  a 
successful  combination  of  the  two  spheres  that  the  maximum 
advantage  can  be  secured.  It  is  with  the  broad  business 
aspects  of  the  industry  that  the  shipowner  is  mainly  con- 
cerned. While  keeping  pace  with  the  requirements  of  his 
time  he  must  also  anticipate  developments  and  be  prepared  to 
take  such  risks  as  may  be  reasonably  incurred.  He  is  usually 
ill  the  position  of  a  trustee  for  shareholders,  and  he  is  called 
upon  to  exercise  constant  prudence  and  watchfulness  in  order 
that  their  interests  may  be  conserved.  At  the  same  time  he  is 
fully  conscious  that  without  the  lianiioiiious  co-operation  ot 
the  various  sections  of  skilled  and  unskilled  labour  connected 
with  the  business  of  shipping  the  best  results  cannot  be 
obtained.  In  normal  times,  when  a  reasonable  return  on 
capital  can  only  be  secured  by  the  utmost  economy  both  in 
first  cost  and  in  working  expenses,  he  looks  to  the  engineer  to 
secure  for  him  the  best  results  in  both  respects.  He  must  also 
take  into  sympathetic  consideration  the  interests  of  his 
employes,  and  be  prepared  to  deal  equitably  with  reasonable 
demands  for  conditions  which  lead  to  their  comfort  and 
security. 

1  need  scarcely  remind  you  how  important  it  is  in  the 
iiutioiiiil  iiit ci-csis  that  the  Empire  should  maintain  her 
su])reniacy  in  sliipjuiig  matters.  This  1ms  been  brought  home 
to  us  with  ^^pecial  force  since  tlie  outbreak  of  war.  The 
insular  position  of  England,  her  dej)eiKlence  on  oulside  sources 
of  supply,  and  the  vital  necessity  of  maintaining  regular  com- 
munication with  her  overseas  dominions,  have  been  thrown 
into  clear  relief  and  made  apparent  to  the  least  imaginative 
among  us  by  the  events  of  the  last  two  years. 

It  is  difficult  to  forecast  the  position  of  British  shipping 
after  the  war,  but  it  is  clear  that  we  must  be  prepared  for 
entirely  new  conditions.  The  practical  control  by  British 
shippiiicr  of  tlic  seaborne  commerce  of  the  world  will  m)  longer 
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ronuiiii  uncluilKMigotl.  The  war  losses,  in  addition  to  ordinary 
luarine  casualt  ies  during  the  last  two  years,  have  so  seriously 
depleted  our  mercantile  tonnage,  while  the  output  of  fresh 
tonna*^e  has  boon  on  so  limited  a  scale,  that  it  will  be  years 
before  we  can  hope  to  enjoy  the  same  relative  advantage  in 
regard  to  the  tonnage  of  the  world  that  we  possessed  before  the 
outbreak  of  war  ；  and  we  must  recognise  that,  side  by  side 
with  our  depletion  of  tonnage,  there  has  been  great  activity 
ill  the  shipbuilding  yards  of  neutral  countries,  so  that  we  shall 
Hiul  ourselves  challenged  at  every  turn  by  well-equipped  com- 
petitors. To  meet  tlie  new  situation  we  shall  require  not  only 
ships  equal,  if  not  superior,  to  those  of  our  rivals,  but  we  must 
also  bo  in  a  position  to  employ  our  tonnage  to  the  very  best 
advantage  and  with  the  greatest  possible  economy.  It  is 
obvious  that  the  continuance  of  our  supremacy  as  a  maritime 
power  will  depend  in  no  small  degree  upon  the  character  and 
efforts  of  our  engineers,  whether  they  be  designers,  manu- 
facturers, superintendents,  or  that  fine  body  of  seagoing 
engineers  whom  I  have  more  particularly  in  mind  to-night. 

T  am  glad  to  have  this  opportunity  of  paying  my  tribute 
to  the  high  qualities  of  the  members  of  your  profession.  The 
nature  of  their  occupation  renders  them  liable  to  special  risks, 
and  we  who  live  at  home  at  ease  realise  the  debt  of  gratitude 
which  we  owe  to  those  who  so  coolly  and  courageously  accept 
those  risks.  I  do  not  of  course  overlook  the  claims  of  other 
branches  of  the  mercantile  marine  who  have  done  such 
magnificent  work  during  the  war,  but  I  may  be  pardoned  on 
an  occasion  like  this  for  dwelling  more  especially  upon  the 
part  which  is  played  by  the  engineers.  Tlie  records  of  ship- 
ping abound  in  instances  where  a  steady  nerve,  a  cool  head, 
ready  resourcefulness  and  skill  on  the  part  of  engineers  have 
averted  loss  of  life  and  property  ；  or  where,  disaster  being 
inevitable,  they  have  stood  to  their  post  with  serene  courage 
and  steadfast  devotion  to  duty. 

I  might  here  recall  two  examples  which  illustrate  tlie 
resourcefulness  and  determination  of  engineers.  One  is  the 
case  of  tlie  "  Soutliport."  You  will  remember  that  this 
steamer  arrived  in  the  German  Caroline  Islands  on  September 
4th,  1914,  those  on  board  being  unaware  of  the  outbreak  of 
war.  While  the  master  was  ashore  a  German  cruiser  came  to 
anchor  in  the  li arbour  and  took  possession  of  the  British  ship. 
The  original  intention  of  the  Germans  was  to  sink  their  prize, 
but  they  contented  themselves  with  disablinsf  her  engines. 
The  cruiser  left  the  harbour  three  days  later  under  the  impres- 
sion that  the  "  Southport's  "  engines  were  completely  out  of 
action.  They  did  not,  however,  bargain  for  the  resourceful- 
ness of  the  eno^ineer  on  the  British  steamer.  He,  with  the 
knowledge  tliat  the  cruiser  might  return  at  any  moment,  at 
once  set  to  work  to  repair  the  engines,  ami  with  sucli  success 
that  by  the  15th  the  repairs  were  oom])leted  and  the  vessel 
steamed  at  low  speed  out  of  the  iiar1)onr  and  eventually 
reached  Brisbane  safely. 

Another  example  of  still  more  recent  date  was  that  of  the 
(( Pukaki."  The  case  is  fully  reported  in  the  July  innnber  of 
the  "  Marine  Engineer,"  and  it  is  of  special  interest  to  me,  as 
the  steamer  in  question  at  one  time  belonged  to  the  company 
of  which  I  am  chairman,  and  with  which  I  have  been 
associated  for  over  40  years.  The  "  Pukaki  ，，  was  trading  in 
the  Pacific,  and  on  the  occasion  referred  to  was  on  a  voyage 
through  various  groups  of  islands  with  Kanaka  passengers. 
When  Hearing  her  final  port  the  shaft  broke  and  the  engines 
were  of  course  stopped.  On  investigation  it  was  found  that 
the  propeller  shaft  had  parted  in  the  stern  tube,  the  propeller 
being"  up  against  the  rudder  post,  where  it  had  to  be  secured 
by  slinks  to  save  it  from  loss  or  damage.  The  stern  tube 
proved  to  be  intact  and  the  breakage  was  found  to  be  in  the 
fore  end  of  the  after  liner,  so  that  the  use  of  Thomson's 
coupling  was  out  of  the  question.  The  engineer,  however,  was 
fully  equal  to  the  occasion.  Gear  was  rigged  and  the  forward 
end  of  the  shaft,  drawn  into  the  tunnel.  The  gland,  being 
about  4ft.  below  the  water  line,  had  to  he  made  water-tight. 
Arrangements  were  made  to  tip  the  ship  hy  means  of  shifting 
ccm]  and  filling  forward  tanks.  When  everything  possible  had 
been  done  in  this  direction  the  stern  tube  was  still  under 
water  ；  hut  the  engineer  was  not  daunted,  and  gear  and  tackle 
■were  prepared  and  the  propeller  slung..  Stopper  and  nut 
were  removed,  the  boss  was  then  turned  round  to  get  the  key 
on  top  and  the  end  of  the  sliaft  set  up  against  the  rudder  post. 
The  anchor  stock  was  requisitioned  for  ranmiiiig  off  tlie  pro- 
peller, angle  irons  and  wedges  beitig  fillecl  at  the  fore  end  of 


the  l)()ss  l)otween  it.  and  the  stern  tul)e  to  aHsisi  the  nun. 
was  (lini(，uU'  l-o  get  a  fair  blow  with  the  anchor  stock,  1  wo 
blade  nuts  and  a  stud  being  damaged  in  ih*^  procesH.  The 
l)roken  shaft  was  then  got  on  deck,  and  tackle  rigged  on  the 
derrick  aft,  by  means  of  whicli  it  was  slung  over  the  side  and 
brought  to  bear  on  the  boss.  After  many  difficuliieH  the  pro- 
peller was  displaced,  amid  the  cheers  of  the  onlookiii^ 
passengers.  The  outer  broken  end  had  now  Lo  l)e  gol'  into  the 
taiiinel,  and  1  his  was  no  easy  matter.  Hauliiig-in  ^anr  was 
fixed  up  and  connected  to  the  winch  and  the  shaft  end  was 
pulled  in  so  far  and  stuck  ；  on  being  pushed  hack  and  the  tube 
examined  it  was  found  that  a  loose  broken  piece  of  tlie  shaft 
had  caused  (  he  obst  ruct  ion  and  on  its  removal  tlie  capt  ured 
end  was  successfully  drawn  into  the  tunnel.  A  new  dillicult-y 
juid  a  great  disappointment  to  the  chief  engineer  now  pre- 
sented itself,  in  that  the  spare  shaft  was  found  to  be  too  large 
in  the  tapered  end,  and  that  the  key  ways  were  uncut  and  no 
keys  ready.  By  means  of  chisel  bars  and  cross  cuts  the  taper 
was  made  right  to  templets  and  filed  up,  and  keyways  cut-  and 
； keys  forged  from  an  old  valve  spindle.  At  this  stage  and 
while  repairs  were  still  under  way,  negotiations  were  opened 
with  a  steamer  brought  within  liailing  distance  by  signals,  as 
provisions  were  getting  scarce  and  all  hands,  including  the 
Kanaka  passengers,  were  on  short  rations.  However,  the  rate 
demanded  for  towage  was  considered  excessive,  and  beyond 
supplementing  their  slender  stock  of  provisions  by  some  bags 
of  rice  and  flour  from  the  hailed  steamer,  they  did  not  avail 
themselves  of  her  services,  ami  the  engineers  again  set  to  work. 

The  spare  sliaft  was  now  run  through  the  tube,  the  pro- 
peller shipped  on  and  tlie  nut  screwed  up,  then  hammered 
home.  The  shaft  was  coupled  up,  and  as  the  bolt  holes  were 
small,  involving  a  good  deal  of  time  and  labour  in  boring  and 
liniering,  this  was  dispensed  with  and  temporary  bolts  were 
prepared  and  fitted  aft  into  the  propeller  shaft,  the  larger 
holes  in  the  tunnel  shaft  coupling  being  made  up  with  wedge 
pieces  around  the  bolts.  The  holds  and  tank  were  now 
puin peel  out,  steam  raised,  and  the  "  Pukaki  "  steamed  off  at, 
the  rate  of  seven  knot's  to  her  port  of  destination,  Rabaul,  on 
March  11th.  I  think  you  will  agree  that  this  is  a  remarkable 
instance  of  an  engineering-  job  being  successfully  carried  out 
under  coiulit ions  of  exKeptional  difficulty. 

Tt  must  be  recognised  that  developments  are  taking  place 
almost  daily  in  marine  engineering  which  will  call  for  the 
highest,  qualifications  in  those  who  are  responsible  for  the  care 
and  direction  of  machinery,  so  I  would  urge,  particularly 
upon  our  younger  members,  the  importance  of  study  and  self- 
improvement,  in  order  that  they  may  educate  themselves  up 
to  modern  conditions,  and  have  the  necessary  qualifications 
for  the  responsibility  which  awaits  them.  There  are  some 
who  tliink  that  the  State  might  welJ  offer  more  encouragement 
ill  connection  with  the  advancement  of  technical  knowledge, 
while  the  fact  that  our  engineers  are  at  a  disadvantage  in  this 
respect,  compared  with  i.he  engineers  of  other  countries,  should 
serve  as  an  additional  stimulus  to  individual  effort.  There  is 
a  wide  field  open  for  both  original  work  and  the  improvement 
and  perfecting  of  present  machinery. 

In  the  period  covered  by  my  own  business  life  there  has 
been  enormous  progress  in  the  science  of  marine  engineering. 
In  1875,  when  my  company  came  into  existence,  the  triple- 
expansion  marine  engine  was  comparatively  unknown,  though 
this  was  about  the  time  of  its  inception.  It  was  not  until 
about  1881  that  the  triple-expansion  engine  really  claimed 
serious  attention,  and  as  a  machine  for  marine  propulsion  it 
has  had  a  truly  wonderful  vogue.  To  the  majority  of  the 
members  of  this  Institute  the  triple-expansion  engine  must 
have  been  more  or  less  of  a  life-long  com  pan  ion.  For  certain 
services  I  have  seen  the  triple-expansion  engine  developed  into 
the  quadruple-expansion  engine,  in  which  form  the  reciprocat- 
ing; niarine  steam  engine  has  apparently  reached  its  highest 
commercial  development,  and  the  excelleutly-desigued  balanced 
ensjiiies  of  this  type  liave,  for  the  last  20  years  or  so,  given 
that  high  satisfaction  which  continues  to  mark  their  per- 
fonnance,  particularly  in  respect  of  economy,  reliability,  and 
low  maintetiance  cost  on  Icmg  voyages. 

After  the  halanced  quadrii])le-expansion  engine  came  the 
direct  turbine  with  its  entirely  new  application  of  steam  as  a 
propelling  power  ；  then  we  had  the  combination  of  piston 
entwines  with  the  tairbiiie  ；  and  the  still  larger  development  of 
an  all  turbine  drive,  se(、urin£^  tlie  advantage  of  slow-speed 
l)ro))ellera  by  tlie  interposition   of   tiieclianical   gearing.  In 
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this  very  latest  example  the  use  of  geared  turbines  has  been 
combined  with  the  eiiiployinent  of  water-tube  boilers  and 
superlieated  steam,  thus  presenting  in  a  merchant  ship  a 
machinery  installation  closely  analogous  to  what  is  provided  in 
H.M.  cruisers.  Even  in  respect  to  what  is  known  as  the 
geared  turbine  we  seem  to  be  on  the  eve  of  a  still  further 
development  in  the  shape  of  double  reduction  gear,  which  has 
been  used  in  the  Navy,  and  is  now  about  to  be  applied  in  the 
case  of  merchant  ships. 

Another  departure  of  comparatively  recent  years  is  the 
use  of  liquid  in  place  of  solid  fuel,  which  appears  to  give  a 
remarkable  increase  in  steaming  capacity  and  still  more 
remarkable  diminution  in  the  difficulties  of  stokehold  manage- 
ment. I  should  say  that  all  marine  engineers  would  wish 
earnestly  for  conditions  involving  the  wider  eniploynient  of 
fuel  oil,  with  correspondiiicr  improvement  in  the  conditions  of 
stokehold  work  at  sea.  But  perhaps  the  most  remarkable 
development  of  modern  times  is  that  of  the  internal- 
combustion  engine.  We  have  seen ― in  the  submarine  for 
example ― the  high  utility  of  this  motor,  where  reliability  can 
be  associated  with  the  remarkable  economy  in  weight  of  fuel 
which  characterises  the  Diesel  system.  This  type  of  marine 
engine  for  commercial  purposes  has  already  been  fairly  well 
tested  in  ships  of  moderate  capacity,  and  we  look  forward  to 
the  advent  of  the  vessels  of  larger  size  and  greater  power 
which  are  now  being  built  to  provide  a  convincing  test  of 
what  can  be  done  in  the  way  of  high  power  in  a  commercial 
engine  of  this  type.  It  seems  fair  to  assume  that  if  the 
anticipations  of  the  builders  of  the  ships  of  this  class  are 
realised,  we  】nay  expect  within  a  very  few  years  to  see  steam- 
driven  vessels  take  a  secoiidary  place  among  the  mercantile 
navies  of  the  world. 

Whatever  revolutionary  changes  may  be  niacle  in  the 
future,  I  am  satisfied  that  in  the  competition  for  the  most 
efficient  and  econoiriical  forms  of  machinery  foi'  both  naval 
and  mercantile  ships  British  engineers  will  lead  the  way.  It 
must  not  be  supposed  that  I  under- estimate  the  difficulty  of 
the  task  that  lies  before  you.  I  realise  that  for  its  successful 
accomplishment  it  will  require  keen,  fertile  brains,  the  desire 
of  knowledge  for  its  own  sake,  the  power  of  applying  the 
results  of  theoretical  study  aucl  experiment  to  practical 
requirements,  and  steady  and  persistent  effort.  It  is  a  com- 
fort to  know  that  you  would  not  be  engineers  if  you  were  dis- 
couraged by  difficulties.  One  of  the  best  results  of  your 
training  is  that  you  are  prepared  to  tackle  troubles  as  they 
arise,  and  that  no  engineer  who  is  worth  his  salt'  will  be 
baffled  by  a)iv  obstacle  that  human  effort  and  ingenuity  can 
overcome. 

Let  me,  in  conclusion ，  say  a  word  on  the  necessity  for 
effective  co-operation  on  the  part  of  engineers.  As  a  nation 
we  have  not  in  the  past  given  sufficient  attention  to  the 
systematic  organisation  of  our  immense  resources  in  men  and 
material,  and  in  this  respect  at  all  events  we  have  much  to 
learn  from  the  Power  which  is  responsible  for  the  present 
upheaval,  and  is  now  displaying,  in  its  conduct  of  the  war, 
such  a  cynical  disregard  of  the  laws  of  common  justice  and 
Inunanity.  Without  proper  organisation  there  is  bound  to  be 
a  waste  of  efficiency,  and  it  is  one  of  the  aims  of  this  Institute 
to  see  that  the  various  activities  connected  witli  marine 
engineerinfr  are  organised  in  such  a  way  as  to  secure  the  best 
possible  results.  I  trust  tliat  the  admirable  work  of  this 
Institute  niav  receive  the  practical  and  generous  support  of 
all  who  are  interested  in  the  progress  of  marine  engineering 
and  the  welfare  and  improvement  of  British  marine  engineers. 


THE  INCREASING  USE  OF  POWDERED  COAL  AS  FUEL. 

A  (^rAKTKK  oi'  a  cent urv  ； it^o  numerous  inventors  worked  on  the 
pi'oblem  of  using  powdered  coal  as  fuel,  and  some  of  tliem 
achieved  a  fair  degree  of  success.  The  advent  of  cheap  fuel 
oil  about  that  time,  however,  prevented  the  invention  from 
being  successful  commercially  except  in  the  field  of  cement 
burninsr.  Here  the  use  of  powdered  fuel  was  a  very  important 
factor  in  the  success  of  the  rotary  kiln.  Tf  effected  a  large 
reduction  in  the  cost  of  burning-  compared  with  the  fuel  oil 
which  was  used  at  first.  The  use  of  powdered  fuel  for  other 
purposes  was  abandoned  until  th !*ee  or  four  years  a^o,  when  it 
was  successfully  applied  to  metallurgical  furnaces.  Since  then 
the  use  of  powdered  coal  has  been  experimented  with  in 
various  other  directions,  notably  as  a  locomotive  fuel. 

Those  responsible  for  the  use  of  powdered  coal  in  the 


cement  industry  early  learned,  through  some  very  costly  and 
fatal  accidents,  that  certain  precautions  were  necessary  in  its 
use  to  guard  against  disastrous  explosions.  When  it  is 
recalled  how  frequently  bituminous  coal  in  place  in  the  mine 
gives  ofl"  inflammable  gas,  it  can  readily  be  understood  that 
when  bituminous  coal  is  ground  to  an  impalpable  powder  it  is 
much  more  likely  to  give  off  a  gas,  which  mixed  with  air  in 
any  confined  space  only  needs  a  chance  spark  to  produce  a 
heavy  explosion.  Fine  coal  dust  itself  when  floating  in  the  air 
is  also  well  understood  to  be  a  dangerous  explosive.  Further 
than  this,  any  considerable  bulk  of  powdered  coal  held  in 
storage  for  a  few  days  is  apt  to  develop  spontaneous  com- 
bustion. 

At  the  recent  Master  Mechanics'  Convention,  Mr. 
Chambers,  who  has  been  in  charge  of  experiments  with 
powdered  fuel  on  a  locomotive  on  the  Chicago  and  Northern 
Railway,  declared  that  it  was  not  safe  to  store  a  quantity  of 
powdered  coal  exceeding  10  to  15  tons  longer  than  three  or 
four  days  at  ,a  time.  Anyone  familiar  with  the  chemical  con- 
stitution of  coal  will  readily  understand  that  its  liability  to 
spontaneous  combustion  when  powdered  will  vary  greatly  with 
different  coals.  If  a  consignment  of  coal  happened  to  have 
an  especially  large  percentage  of  pyrites  in  it,  someone  might 
be  disagreeably  surprised  at  the  rapidity  with  which  it  would 
develop  heat  after  being  ground. 

The  question  was  raised  iu  the  discussion  as  to  wliat  a 
railway  would  do  should  it  adopt  powdered  fuel  for  general  use 
on  its  locomotives.  At  large  railway  coalinoj  stations  it  is 
co'-iimon  to  deliver  to  locomotives  2,000  tons  or  more  of  coal  in 
24  hours.  The  answer  to  this  question  is  that  in  handling 
powdered  coal  the  thing  to  do  is  to  avoid  storage  as  much  as 
possible.  Coal-pulverising  machinery  should  be  of  sufficient 
capacity  to  handle  the  coal  as  fast  as  it  is  used,  with  a  suffi- 
cient margin  for  extraordinary  demands  and  for  breakdowns. 
A  minim um  storage  and  no  dust  are  the  standing  rules  that 
must  be  observed  to  obtain  safety  in  the  use  of  powdered  coal. 

Many  have  predicted  the  commercial  failure  of  powdered 
coal-buriiiiig  systems  on  the  ground  that  present  methods  of 
using  coal  are  so  efficient  thai  any  increased  saving  in  fuel 
through  pulverising  will  be  more  than  offset  by  the  cost.  The 
advantages  from  the  use  of  powdered  coal,  however,  come  from 
other  sources  than  a  mere  increase  of  efficiency  in  burning  the 
fuel.  Those  who  are  promoting  its  use  in  locomotives,  for 
example,  hope  to  make  the  powdered  coal-burning  locomotives 
so  free  from  smoke  and  sparks  that  they  can  be  used  inside 
city  limits  for  switching  locomotives  to  offset  the  public 
demand  that  the  railways  shall  expend  eiiormoiis  sums  for 
electrification,  in  order  to  get  rid  of  locomotive  smoke.  Loco- 
motives burning-  powdered  coal  could  also  be  used  in  forested 
regions  where  the  railways  are  now  in  some  cases  compelled 
by  public  authorities  to  burn  oil  fuel  to  avoid  the  risk  of 
setting  i\re  from  scattered  sparks. 

Probably  the  greatest  field  for  the  burning  of  powdered 
fuel,  however,  will  be  in  aiding  the  economical  utilisation  of 
fuels,  such  as  lignites,  which  are  difficult  to  burn  efficiently 
by  ordinary  methods.  Some  lignites  contain  nearly  50  per 
cent,  of  volatile  matter  and  have  shown  remarkably  good 
results  as  a  fuel  for  gas  producers  and  as  a  material  for 
briquettes.  The  cheapest  way  to  use  this  fuel,  however,  is  in 
the  form  of  powdered  coal.  The  high  content  of  volatile 
matter  is  especially  favourable  to  firing  in  this  way.  Another 
fuel  which  seems  capable  of  use  in  powdered  form  is  peat. 
Sweden,  which  has  no  coal  deposits,  possesses  large  peat  bogs. 
A  recent  report  of  the  Department  of  Commerce  states  that 
the  Swedish  State  Railways  have  been  experimenting  with 
powdered  peat  as  fuel  for  locomotives,  and  the  railway 
directors  liave  recommended  an  appropriation  of  £70,000  for 
a  factory  to  produce  sufficient  powdered  peat  to  supply  all  the 
locomotives  on  one  of  the  State  railway  lines. ― "  Engineering 
News/' 


U.S.  Coal  Output*  —  According  to  estimates  prepared  by 
the  United  States  Geological  Survey,  the  output  of  bitu- 
minous coal  in  the  United  States  in  the  first  six  months  of 
the  current  year  was  tlie  greatest  ever  recorded  in  any  half- 
year  period.  The  production  during  this  period  was 
261,000,000  tons,  an  increase  of  35  per  cent,  as  compared  with 
tlie  production  in  the  first  six  months  of  1915,  and  greater  by 
several  million  tons  than  the  record  oul  ])nf  in  the  last  half 
of  1913. 
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LIMIT  GAUGES* 

UY  1)K.   (；.  T.  (；  hA/Kin;<t(>K ,  I  MI.S. 

Till-:  finulaiiKMilal  idea  of  limit  "';"、"-ing  that  1  ho  ilinictisioiis 
of  a  piece  of  work  should  lie  bet  ween  cert  ain  deli  nil  e  values, 
and  that  the  enoineer  should  possess  some  means  of  nieasure- 
nienl  which  would  enable  him  readily  to  tell  if  this  was  the 
case ― is  prohahly  quite  old.  Its  inij)ortauce,  owing  to  the 
growth  of  repet  it  ion  work,  and  the  demand  for  interchange- 
ability,  has  increased  greatly  of  late  ；  during  the  past  two 
years  the  growth  has  been  enormous.  The  work  of  the 
Engineering  Standards  Committee  in  this,  as  in  many  other 
branches  of  engineering  industry,  has  been  of  the  utmost 
value,  and  it  is  to  the  reports  of  that  conunittee  we  turn  for 
much  of  the  information  on  the  subject.  It  is  impossible  to 
speak  oil  this  subject  without  reference  to  the  two  men  whom 
we  have  recentlv  lost,  whose  labours  did  so  much  to  promote 
the  cause  of  standardisation.  Sir  H.  F.  Donaldson  was  chair- 
man of  the  Committee  on  Gauges  from  its  commencement. 


1  (M'oiM  iit('ii(l;it  ions  cunt  aiiu-d  in  I  his  repori  ，  ami  with  1  lu; 
great  est  possible  accuracy,  tor  d ej>oHiting  wit  li  t  lu;  Natiuiial 
Physical  Laboratory,  for  pm'poses  of  reference. 

(A)  l\<  f(  iriH-c  liinit  //〃〃/〃'.、■，  being  copies  of  the  foregoing 
slaiuiard  limit  gauges  for  use  by  manufacturers  and  others  for 
checking  I. heir  own  shop  gauges.  They  should  be  verified,  and 
their  accuracy  certified  by  the  aut  liority  in  whose  custody  the 
standard  limit  gauges  are  deposited. 

(f)  Sh  o  p  Inn  if  fjfiuf/fx. The  gauges  actually  used  in  llie 
shoj)  and  checked  against  the  reference  limit  gauges." 

To  this  list  it  is  desirable  to  add  "  check  gauges/*  i.e., 
gauges  designed  to  check  readily  the  dimensions  of  gauges  in 
use  either  as  reference  gauges  or  as  shop  gauges.  These  are 
usually  the  inverse  of  the  gauges  they  are  employed  to  check, 
/.(".,  for  a  hole  the  check  gauge  is  a  plug  and  vice  versa.  I 
pi  opcse  to  say  something  about  these  various  classes  of  gauges 
― their  use,  the  permissible  limits  of  accuracy,  and  the 
methods  of  measuring  or  otherwise  determining  their  dimen- 
sions ； but  before  proceeding  to  this  three  other  terms  in 
common  use  need  definition.    These  are  : —— 


Fig.  1.— EituoHs  in  WoiiKStANSHiP.    Shafts,  Classks  G  Sz  C. 


He  threw  himself  into  the  work  with  all  the  energy  of  which 
he  was  capable  ；  his  tact  and  experience  steered  the  com- 
mittee over  many  shoals  ；  his  wide  knowledge  was  of  the 
greatest  value,  and  his  fairness  and  courtesy  endeared  him  to 
all  his  colleagues.  In  all  he  did  he  was  most  ably  supported 
by  Mr.  Leslie  Robertson.  Only  the  men  who  have  been 
intimately  acquainted  with  Mr.  Robertson's  work  for  the 
Standards  Committee  can  realise  the  greatness  of  his  loss,  and 
the  difficulty  of  finding  one  to  fill  his  place. 

Report  'No.  27,  dated  June,  1906，  deals  with  British 
Standard  Systems  for  Limit  Gauges  (Running  Fits),  and  was 
the  result  of  much  careful  enquiry  and  discussion.  From  it 
is  taken  the  following  definition  : ― 

" Limit  (jauges. — Gauges  for  ensuring  that  any  given 
dimension  is  within  the  tolerance  laid  down  for  the  class  of 
work  to  be  produced.  In  the  case  of  cylindrical  work  these 
gauges  may  be  either  double  male  gauges,  one  end  of  which 
must  enter,  and  the  other  end  of  which  must  not  enter  the  hole 
to  which  it  is  applied,  or  they  may  be  either  two-ring  or  two- 
gap  gauges,  one  of  which  must  pass  over,  and  one  other  of 
which  must  not  pass  over  the  plug  or  male  piece  to  which  they 
are  applied."    And  the  report  continues  : —— 

" The  committee  have  in  view  three  classes  of  limit  gauges, 
viz. : ― 

{(()  SidiKhnd  Vnn  'ii  ,'〃〃/,(〃-、■  made  in  accordance  with  the 

*  Paper  read  before  Section  G  of  the  British  Association,  at  Newcastle,  Sep- 
tember, 1916. 


Toh  ntnve. ― A  cliflerence  in  dimensions  prescribed  in 
order  to  tolerate  unavoidable  ini])erfectioiis  of  workmanship, 

.1  〃"'''〃//(v.—A  difference  of  dimensions  prescribed  in 
order  to  allow  of  various  qualities  of  fit'. 

Cluuanc- (-, ― A  difference  in  dimension  or  in  the  shape  of 
llie  surface  prescribed  in  order  that  two  surfaces  or  parts  of 
surfaces  may  be  clear  of  one  another. 

In  dealing  with  gauges  we  may  subdivide  them  usefully 
into  three  groups : ― 

(I.)  Gauges  for  plain  cylindrical  work. 

(II.)  Screw  gauges. 

(III.)  Form  and  position  gauges. 

Years  ago  Sir  Joseph  Whitworth  embarked  on  the  stan- 
dardisation of  certain  gauges  for  plain  and  screwed  surfaces, 
and  the  use  of  Whitworth  gauges  has  been  of  enormous  value 
to  engineering  science  ；  but  these  gauges  are  not,  and  had  not 
at  the  time  the  committee  began  its  work,  been  used  as  limit 
gauges  in  the  true  sense  ；  consequently  interchangeability  was 
not  secured.  Sir  Joseph  aimed  at  standards  which  should  be 
true  dimensions,  and  he  made  no  effort 一 at  that  time  it  did 
not  appear  necessary ― to  specify  plus  or  minus  limits  for  each 
class  of  work.  Accordingly,  at 'the  outset,  the  committee  were 
faced  with  the  necessity  of  enquiring  what  should  be  the  limits 
oil  the  work  in  order  that  intercliaiigeability  may  be  secured, 
and  what  gauges  are  required  for  this  purpose. 

I.  ('i/Hn<Jrir<(I   Wark  aiul   G"〃f/e -、 一In  dealing   with  the 
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work  it  is  clear  that  the  tolerances  and  allowances  must 
depend  on  its  nature  and  the  class  of  fit  aimed  at  ；  different 
allowances  are  necessary  for  running  fits,  push  fits,  force  fits, 
&c.  In  the  year  1906  the  data  available  to  determine  these 
were  small.  Accordingly  arrangements  were  made  by  which 
Mr.  Attwell,  of  the  National  Physical  Laboratory,  visited  the 
workshops  of  many  of  the  leading  manufacturers  of  the 
country,  aud  by  their  kindness  carried  out  the  accurate 
measurement  of  plain  cylindrical  shafts  and  holes  from  2iu.  to 
12in.  diam.  The  results  are  contained  in  the  tables  and  plates 
of  a  long  report  (No.  25)，  dated  July,  1906.  Figs.  1  and  2  are 
an  illustration.  Certain  firms ― notably  Messrs.  Armstrong, 
Whit  wort  li —— had  already  adopted  a  system  of  limits  for  their 
own  use,  and  information  on  these  was  also  before  the  com- 
mittee. 

As  a  result  the  committee  were  able  to  draw  up  a  definite 
series  of  recommendations  with  regard  to  running  fits,  though, 
before  reaching  a  final  decision,  another  difficulty  had  to  be 
faced.  Are  the  dimensions  of  the  shaft  or  of  the  hole  to  be 
made  the  basis  of  the  work  1  With  an  inch  shaft,  for 
example,  is  the  shaft  to  be  made  as  nearly  lin.  as  possible, 
with  only  the  necessary  tolerance  and  the  whole  of  the  allow- 


FlG.  *2.-  Euitous 


Classes  A.  B,  D,  E,  A-  F. 


a  nee,  to  secure  the  ruiniing  fit  to  be  made  in  the  hole,  which 
is  therefore  of  necessity  larger  than  lin.  hy  the  amount  of 
t  Ins  allowance,  or  is  the  reverse  course  to  be  adopted  ？  In 
the  end  the  committee  adopted  the  view  that  wherever  possible 
the  shaft  should  be  the  element  more  nearly  approaching  the 
true  dimension,  and  allowance  be  made  on  the  hole,  according 
to  the  kind  of  fit  required.  The  tolerances  on  the  shaft  are 
negative,  so  that  it  may  never  exceed  its  nominal  dimensions. 
A  ininimuin  allowance  obtained  by  making  the  hole  of  larger 
than  nominal  size  is  specified,  and  this  cannot  be  encroached 
upon  by  either  element  ；  above  this  a  positive  tolerance  is 
allowed  on  the  hole.  For  example,  in  the  case  of  a  5in.  shaft 
and  liole  of  first-class  work,  the  tolerance  on  the  shaft  is  '002. 
Thus  it  must  lie  bet  ween  5-OOOiii.  and  4*998iii.  The  allowance 
is  also  0()2，  so  thai  the  minimuni  diameter  of  the  hole  is 
5*Of)2in.  Oil  this  there  is  a  tolerance  of  '002  again,  hence  the 
hole  in  ay  have  a  inaxiniiun  difimetei  of  fV004iii. 

Tliis  system  the  committee  call  the  shaft  basis  ；  they  note, 
however,  that  the  system  may  he  reversed,  the  hole  being 
taken  as  basis  and  the  allowances  applied  to  the  shaft,  the 
minimum  diameter  of  the  hole  being  its  nominal  sixe.  The 
results  of  this  part  of  the  conunit  tee's  work  are  shown  in 
Fig.  3.  Tt  will  be  noted  that,  with  a  view  to  reducing  the 
num ber  of  gauges  required,  tlie  sclierne  has  been  arranged  so 
thai  t lie  rnaximimi  diameter  of  the  hole  for  first-class  work  is 
the  minimuni  for  second-class  work,  and  so  on.  Assuming 
now  agreement  has  been  reached  as  to  the  allowances  and 


tolerances  on  the  work,  what  as  to  the  gauges  ？  For  a  shaft 
we  require  two  gauges ― two  rings  or  snap  gauges,  as  may  be 
preferred ― one  corresponding  to  the  maximum  or  high  dimen- 
sion, the  other  to  the  minimum  or  low  dimension,  and,  as 
perfect  workmanship  is  impossible,  these  gauges  must  be 
subject  to  tolerances  ；  what  is  to  be  said  as  to  the  sign  and 
amount  of  the  tolerances  ？  And  here  a  distinction  has  to  be 
noted.  So  long  as  the  work  is  within  the  limits  allowed, 
interchangeability  is  secured,  and  it  will  pass  inspection.  In 
fairness,  】iowever，  to  the  manufacturer,  all  work  up  to  the 
limits  should  pass  ；  the  inspection  gauges  should  not  demand 
narrower  limits  than  the  production  drawings.  Accordingly 
the  tolerances  on  a  high  inspection  gauge  must  be  positive, 
those  on  a  low  inspection  gauge  negative.  This  is  a  point, 
which  the  gauge  maker  should  carefully  attend  to.  He  knows 
maybe  that  the  nominal  size  of  a  certain  high  gauge  is 
2*000in.,  with  a  tolerance  of  0'0005in.;  he  should  try  then  to 
make  his  gauge  2-00025in.  In  many  cases  the  attempt  is 
made  to  produce  the  gauges  as  nearly  as  possible  2  000in.， 
and  some  are  made  a  trifle  too  small  ；  they  are  rejected  neces- 
sarily ； had  their  aim  been  to  arrive  at  2  00025in.  probably 
all  would  have  got  through  when  tested. 

So  far  J  then,  we  have  found 
that  for  an  inspection  gauge  the 
tolerance  is  positive  on  the  high 
gauge,  negative  on  the  low.  But 
in  the  workshop  gauge,  as  will  be 
seen,  the  reverse  is  the  case. 
These  are  given  out  by  the  manu- 
facturer to  the  workman  to  enable 
him  to  make  work  which  will  pass 
the  inspector.  Clearly  then,  for 
safety  he  will  arrange  that  the 
limits  to  which  the  man  works  are 
rather  narrower  than  those  to 
which  the  work  will  be  inspected. 
A  liigh  gauge  will  be  a  trifle  too 
small,  a  low  gauge  slightly  too 
large  ；  the  tolerance  on  the  high 
gauge  is  negative,  that  on  the  low 
gauge  is  positive.  As  to  the 
tolerances  permissible,  these  de- 
pend on  the  class  of  work  dealt 
with,  and  for  inspection  gauges 
amounts  of  the  order  of  one-tenth 
of  the  tolerances  on  the  work  are 
not  unusual.  Thus,  for  the  5in. 
shaft  of  first-class  work  already 
referred  to,  the  high  gauge  would 
lie  between  5'OOOin.  and  5*0002in., 
the  low  gauge  between  4"998in. 
and  4'9978in.  These,  of  course, 
are  close  limits.  For  a  workshop  gauge  the  tolerances, 
as  well  as  being  of  opposite  sign,  may  wisely  be  large  in 
amount  ；  the  result  of  this  is  to  contract  somewhat  the 
limits  within  which  the  workman  has  to  work,  but  to  increase 
the  chance  that  this  work  will  pass.  Moreover,  the  "  go  ，， 
gauges  wear,  and  a  ring  or  a  plug  may  easily  in  time  become 
too  large  or  too  small  respectively  if  when  new  they  are  very< 
close  to  their  nominal  sizes. 

In  our  original  classification  of  gauges,  reference  gauges 
were  mentioned.  These  clearly  include  both  reference  inspec- 
tion gauges  and  reference  shop  gauges  ；  they  are  retained  for 
the  purpose  of  standardising  the  oilier  gauges.  We  turn  now 
to  tlie  measurement  and  testing  of  cylindrical  gauges.  For 
the  purpose  of  merely  testing  a  gauge  to  see  if  it  is  correct, 
two  check  gauges— a  '' go  ，'  and  a  "not  go  ，， 一 may  be  used, 
and  in  some  cases  must  be  used.  The  difference  between  these 
will  be  ec|ual  to  the  tolerance  on  the  gauge  they  are  used  to 
check,  and  their  own  tolerances  will  be 】i 置 h  smaller,  but  for 
cylindrical  gauges  in  most  cases  check  gauges  are  not  neces- 
sary, and  indeed  are  not  desirable  ；  the  difficulties  arising 
from  inaccuracy  of  manufacture  and  wear  are  too  serious. 
Besides,  rejection  by  a  check  gauge  gives  no  intimation  of  the 
error  to  the  manufacturer,  and  thus  it  is  unsatisfactory  to  him. 
Thus  cylindrical  plug  gauges  are  preferably  checked  by  some 
form  of  accurate  micrometer  or  measuring  machine.  To 
describe  such  machines  in  detail  would  fill  a  paper  by  itself  ； 
it,  must  suffice  to  mention  one  or  two  leading  points. 
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Tilt'  rlirckiiii^  ol"  ring  ^au^cs  or  snap  ^Mu^es  is  a  iuoim' 
dillicult.  ))r(jl)l(Mii.  FV)r  inaiiy  purposes  ctitu-k  g;ui;^CH  aro  visvaI 
—- a  ''  go  ，'  and  -'  not  g(j  "  |)lug,  1  he  exlental  dianieters  oi'  wliidi 
can  be  accurately  nieasui  ed,  and,  indeed,  for  small  rings  this  is 
the  only  method.  For  larger  gauges  there  are  various  forms 
of  int(M-!ial  callipers  available,  but  these  do  not  lend  themselves 
re;ulily  to  hi" 小 accuracy.  A  inethod  which  has  l)een  found 
convenient  at  the  Laboratory  is  1()  build  up  a  "go"  and 
" not  go  "  iiitenuil  diameter  gauge  l)y  means  of  a  series  of 
Johaiisseii  gauges  with  two  plain  cylinders  of  known  diameter, 
one  at  each  end  of  the  series.  When  once  such  a  diameter 
gauge  has  been  put  together,  the  checking  of  a  scries  of  rings 
of  tlie  same  diameter  becomes  a  siiitplo  rn;itter. 

(To  he  C(nifnnn<i.) 


MIKADO  TYPE  LOCOMOTIVES. 

We  have  received  from  the  Baldwin  Locomotive  Works,  Phila- 
delphia, an  interesting  booklet  describing  and  illustrating  the 
various  designs  of  locomotives  made  by  them  and  designated 
as  the  "  Mikado  "  type. 

The  first  locomotives  of  this  type  were  built  by  the  iirni 
ill  1897,  for  the  Nippon  Railway  of  Japan,  and  embodied,  in 
their  design,  the  most  advantageous  feature  of  the  type,  viz. : 
a  wide,  deep  firebox  combined  with  the  2 ― 8 —— 2  wheel  arrange- 
ment. Ill  1902,  a  locomotive  of  similar  type  was  built  for  the 
I^is:iiarck,  Washburn,  and  Great  Falls  Railway  in  the  United 
States  ；  and  since  that  time  large  iiuinbers  of  these  locomotives 
have  been  constructed  for  heavy  freight,  and  also,  to  a  limited 
extent,  for  mountain  passenger  service. 

The  success  of  the  Mikado  type  is  due  chiefly  to  the  large 
t:tea:![ir.o;  capacity  provided  in  proportion  to  adhesion.  As 
usually  built,  the  boiler  has  a  long  barrel  and  a  deep,  wide 
firebox,  which  is  placed  behind  the  driving  wheels  and  over 
the  trailing  truck,  so  that  the  driving  wheels  are  not  over- 
loaded thereby.  In  locomotives  of  the  Consolidation 
(2 ― 8 ― 0)  type,  the  firebox  is  usually  placed  above  the  rear 
pair  of  driving  wheels,  and  the  boiler  is  necessarily  of  smaller 
diTiieiisioiis  than  in  a  Mikado  type  of  equivalent  tractive  force. 
With  equal  weights  on  driving  wheels  and  equal  ratios  of 
adhesion,  a  Mikado  type  locomotive,  it  is  said,  shows  no 
superiority  over  a  Consolidation  at  starting,  but  as  the  speed 
increases,  the  tractive  force  falls  off  less  rapidly,  because  of 
the  greater  boiler  power  of  the  Mikado.  This  is  illustrated  by 
a  diagram,  which  shows  the  percentage  of  the  starting  tractive 
force  developed  at  speeds  up  to  60  niiles  per  hour,  by  repre- 
sentative Consolidation  and  Mikado  type  locomotives.  At  a 
speed  of  30  miles  per  hour  the  Mikado  type  develops  50  per 
cent,  of  its  maximum  tractive  force,  as  compared  with  35  per 
cent,  for  the  Consolidation.  The  curves  represent  average 
conditions,  and  are  based  on  the  assuni  ption  that  the  boilers 
of  both  locomotives  are  being  worked  at  their  maximum 
evaporative  capacities.  The  f act  that  Mikado  type  locomo- 
tives can  maintain  high  tractive  force  at  iiicfeased  speeds,  fits 
1  hern  not  only  for  heavy  freight  service,  but  also  for  fast 
freight  service,  and  for  passenger  service  on  niountain  grades. 

With  space  available  for  lar^e  grate  area  and  furnace 
volume,  the  locomotives  can  readily  be  designed  to  use  low- 
grade  coal. 

The  wheel  arrangement  is  specially  suitable  for  service  in 
which  frequent  backing  is  necessary.  The  rear  truck  under 
such  circumstances  protects  the  driving  wheels  against  flange 
wear,  and  guides  the  locomotive  into  sliarp  curves  and  switches 
without  clanger  of  derailment. 

The  inajority  of  this  type  of  locomotive  recently  built  are 
equipped  with  superheaters,  and  under  favourable  conditions 
an  economy  of  25  per  cent,  is  claimed  in  the  coal  consumed 
per  unit  of  power  developed,  as  compared  with  locomotives  in 
similar  service  using  saturated  steam. 

The  operation  of  large  Mikado  locomotives  is  considerably 
facilitated  by  the  use  of  such  labour-saving-  devices  as  power- 
operatod  fire  doors,  grate  shakers,  and  reverse  gears.  Mecha- 
nical stokers  are,  it  is  said,  also  beino-  used  to  a  limited  extent. 
These  stokers  have  now  been  developed  into  practical  devices 
and  bv  their  use  large  locomotives  can  be  worked  at  full 
capacity,  under  conditions  where  it  would  be  impossible  to 
maintain  steam  pressure  with  hand  firing. 


The  orit;iiial  W'lul  woi-t  h  form  ilcpends  on  I  he  use  ot  a 
t  eelor,  a  bar  which  is  passed  down  between  I  he  jaw  ot*  I  lie 
inachiue  and  the  gaui^e  under  test,  and  while  high  accuracy 
can  be  altained  by  practice  the  results  are  slow  and  depend 
oil  the  skill  of  the  observer.  Tii  aiiut her  form  the  phuiijcr 
presses  against  a  spriiii;  and  tilts  a  delicate  level.  The  mien)- 
meter  is  turned  until  the  bubble  hi  central,  thus  securing  thai 
tlie  pressure  applied  to  the  gauge  is  always  the  same  ；  the 
importance  of  this  is  very  great.  It  lias  been  found  useful  at 
the  National  Physical  Laboratory  to  replace  the  level  bv  a. 
tilling  mirror  ；  the  machine  is  in  adjustment  when  a  ray  of 
liglit  reflected  from  the  mirror  occupies  a  definite  position  of  a 
suitably  j) laced  scale.  This  device  is  used  on  a  large  machine 
built  to  the  Laboratory  design  by  Messrs.  Armstrong,  Whit- 
worth.  It  is  employed  to  measure  large  cylindrical  gauges, 
and  was  built  for  the  nieasureiuent  of  the  coils  of  some  of  the 
standard  electrical  apparatus.  Another  instrument:  in  】'egiihu' 
use  for  testing  smaller  cylindrical  gauges  comprises  a  vertical 
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plunger  pressed  downwards  by  a  spring  which  actuates  a  lighL 
lever  moving  over  a  scale  ；  below  is  a  horizontal  platform  with 
a  slow  vertical  motion.  A  standard  gauge  of  the  required 
dimension  is  placed  on  the  platform  which  is  raised  until  the 
upper  end  of  the  gauge  pressing  on  the  plunger  brings  the 
lever  to  the  centre  of  the  scale  ；  the  standard  is  then  removed 
and  its  place  taken  by  the  gauge  under  test.  The  difference 
between  this  and  the  standard  is  given  by  the  position  of  the 
pointer  on  the  scale.  In  another  instrument  of  this  class  the 
motion  of  a  diaphragm  raises  or  depresses  a  column  of  liquid 
in  a  fine  tube.  All  these  methods  demand  the  employment  of 
accurate  standards  of  a  large  variety  of  lengths.  Such  are 
afforded  by  the  now  well-known  Johanssen  gauges.  By  means 
of  these  length  gauges  differing  in  length  by  one  or  more 
thousandths  of  an  inch  can  be  built  up  with  an  accuracy 
amply  sufficient  for  checking  gauges  to  under  the  one  ten- 
thousandths,  and  most  of  the  test  work  at  the  Nation al 
Physical  Laboratory  is  now  done  by  the  aid  of  these  gauges. 
To  discuss  the  problem  how  the  Johanssen  gau^i^es  are  checked 
would  carry  us  too  far  into  detailed  consideration  of  such 
work,  while  how  to  make  them  is  a  secret  many  would  wish  to 
share  with  Mr.  Johanssen.  ' 
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THE  SALES  ENGINEER  AND  HIS  INFLUENCE  ON  MACHINE 
TOOL  DESIGN.* 

U\  A.  J.  JJAKET!. 

The  title  engineer  has  already  been  subjected  to  so  many 
prefixes  that  one  hesitates  to  add  another  to  the  already  con- 
fusing number.  There  seems,  however,  hardly  any  other  term 
than  that  of  sales  engineer  which  quite  so  well  defines  the 
activities  of  that  growing  class  of  engineers  with  whose  influ- 
ence on  design  and  production  it  is  proposed  to  deal  in  this 
paper. 

It  is,  of  course,  no  new  thing  for  the  larger  engineering 
institutions,  notably  electrical,  hydraulic,  railroad,  &c.,  to 
bring  their  engineers  directly  into,  and  to  keep  them  in  touch 
with  the  problems  that  they  have  to  solve.  This  is  accom- 
plished through  personal  visits  to  the  locality  of  the  proposed 
installation  and  investigations  of  the  natural  conditions  that 
have  to  be  overcome.  It  is  even  obvious  that  no  thoroughly 
satisfactory  results  could  be  expected  unless  such  research 
were  made,  and  iu  the  industries  mentioned,  such  action  is 
considered  entirely  standard  and  customary.  It  is  not  the 
writer's  intention  to  touch  on  sucli  fields  of  activity,  but 
rather  to  confine  his  observations  to  the  application  of  the 
same  principle  to  the  machine  tool  industry. 

As  one  views  the  progress  of  machine  tool  design,  one 
cannot  help  but  feel  that  it  has  been  largely  left  to  the  user 
of  a  machine  to  indicate  the  changes  which  made  the  machine 
more  particularly  suitable  for  his  class  of  work,  and  that  the 
designer  and  maker  of  the  machine  has  generally  been  the 
second  party  iu  such  improvements.  I  do  not  refer  to 
detailed  improvements  particularly  in  regard  to  the  construc- 
tion of  the  machine,  but  rather  to  those  marked  departures 
from  type,  that  may  be  said  to  mark  the  advances  in  the  art. 
In  other  words,  it  would  appear  that  the  majority  of  the 
engineer-designers  of  most  machine  tool  factories  have  for 
many  years  been  working  on  improvements  of  well-defined 
types  of  machines  and  cannot  have  macle  that  rigid  investiga- 
tion of  the  conditions  which  govern  the  use  of  such  machines 
that  would  seem  to  be  absolutely  essential  if  ideal  conditions 
are  aimed  at. 

There  are  very  strong  coiiiTtiei'cial  reasons  from  the  manu- 
facturer's standpoint  for  standardising  the  design  of  machine 
tools.  From  the  user's  viewpoint  there  is  the  further  excellent 
reason  that  relates  to  tlie  ability  of  the  average  operator  to 
handle  with  the  minimum  amount  of  individual  instruction, 
any  machine  of  the  class  in  which  he  claims  proficiency.  Pro 
bab】y  in  the  last  analysis  this  would  also  be  regarded  as  a  com- 
mercial reason,  but  it  must  also  be  taken  into  account  in  view 
of  i-he  apparent  tendency  toward  the  increased  employment  of 
unskilled  help  and  the  comparative  difficulty  of  obtaining  that 
rai-p  individual  commonly  known  as  an  all-round  niacliinist. 

Tliis  tendency  to  standardise  on  types  of  machines  is  again 
a  very  logical  outcome  of  the  development  of  most  machine 
tool  factories,  which  will  be  found  to  have  grown  up  from  a 
small  organisation  breaking  away  from  a  parent  company  and 
devoting  its  energies  to  that  one  particular  machine  of  which 
the  new  organisation  had  a  very  definite  knowledge.  The 
growth  of  the  new  concern,  as  a  rule,  demanded  the  close 
attention  of  all  the  responsible  parties  toward  solving  the 
immediate  problems.  The  tendency  was  to  limit  the  activities 
of  the  engineers  to  individual  parts  of  the  machines  and  not  to 
encourage  attempts  to  produce  variations  of  machines  suitable 
to  the  special  requirements  of  each  individual  customer. 
To-dav  we  are  vitally  concerned  "with  a  somewhat  different 
proWem.  The  user  of  a  machine  tool  has  been  educated  to 
demnnd  of  the  machine  tool  manufacturer  a  specific  study  of 
liis  requirements.  These  studies  have,  and  will  more  markedlv 
in  the  future,  influence  the  design  of  the  manufacturer's  了' ro- 
duct.  The  service  plan,  in  vo^ue  in  m;uiy  trades,  has  become 
a  part  of  machinery  org^anisatioii. 

This  condition  has  led  to  what  T  term  the  sales  engineer. 
His  predecessor  was  the  oriiriiial  demonsl  lator,  who,  it  will  be 
remembered,  was  and  still  is  a  man  unusually  skilled  in  the 
use  of  the  machine  which  he  clernonstrat-os  and  who  is  sent  out 
to  break  in  the  workmen  and  to  assist  the  customer  in  obtain- 
ing hieh  production  from  the  newly  installed  tool.  These 
demonstrators  in  their  visits  to  the  different  plants  accuniu- 
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latecl  considerable  experience  in  regard  to  the  uses  and  weak- 
nesses of  their  machines.  They  provided  a  highly  valuable  inter- 
mediary between  customer  and  manufacturer,  and  following  the 
Datural  onward  tendency,  they  were  in  some  cases  replaced  or 
augmeuted  by  engineers,  whose  duties  were  not  in  any  way 
connected  with  the  demonstration  or  practical  operation  of 
the  machine.  They  observed  the  uses  to  which  the  machine 
was  put.  These  observing  engineers  carrying  back  to  the 
factory  their  authentic  data,  were  able  to  materially  influence 
new  designs.  They  were  still,  however,  concerned  only  witli 
the  standard  type  of  machine  and  were  only  brought  into  con- 
tact with  the  customers'  requirements  after  the  machine  was 
installed,  and  usually  when  some  trouble  had  developed  with 
the  installation.  The  next  step  wa?  in  the  utilisation  of  these 
engineers  in  conjunction  with  salesmen,  or  agents,  to  investi- 
gate the  customer's  conditions  before  recommendation  was 
made  as  to  the  installation  of  machines.  You  will  note  that 
his  function  was  not  to  sell  the  machine  ；  in  fact,  it  was  his 
duty  to  prevent  the  sale  of  niacliines  where  his  knowledge 
made  it  evident  that  the  customer's  best  interests  would  be  so 
served.  It  became  necessary,  therefore,  particularly  as  the 
mechanical  responsibility  of  the  whole  transaction  developed 
upon  him,  to  make  a  reasonably  thorough  analysis  of  the  pro- 
blem before  proceeding  with  any  recommendations.  This 
analypis,  in  many  cases,  leads  directly  towards  the  design  of 
new  machines  of  possibly  the  same  general  classification,  but 
of  an  entirely  different  type,  and  I  propose  to  mention  here 
a  few  of  the  causes  that  bring  this  about  in  much  greater 
measure  tlian  when  the  older  method  of  machine  design  was 
followed. 

The  original  machine  designer  usually  devoted  himself  so 
closely  to  his  own  particular  niacliiiie,  that  he  was  not 
thoroii s^hlv  in  touch  with  developments  taking  place  on  other 
classes  of  machines.  Even  to-day,  in  the  great  majority  of 
cases,  that  condition  prevails.  The  sales  engineer,  on  the 
contrary,  "being  "brought  directly  and  frequently  in  touch  with 
the  last  installations  of  such  machines,  immediately  returns  to 
the  factory  with  advance  information  of  the  encroachments 
that  the  new  type  of  machine  is  making  on  his  own  field. 
The  designing  department,  lacking  a  detailed  acquaintance 
with  the  last  usage  to  which  machines  are  put,  loses  its  proper 
perspective  in  regard  to  tlie  relative  time  values  of  the  diffe- 
rent fund  ions  of  the  macliine.  The  sales  engineer,  with  any 
reasonably  well  developed  analytical  faculty,  can  clearly  see 
that  a  certain  portion  of  the  operation  consumes  rn ore  time 
than  is  really  necessary,  that  the  output  is  governed  by  this 
factor,  and  advises  the  home  engineer  of  the  need  for  improve- 
ment ill  this  respect.  The  home  engineer  includes  in  each  new 
machine  or  each  new  design  certain  parts,  which,  while  neces- 
sary, or  at  least  desirable,  under  the  old  system  of  compara- 
tively low  production,  are  not  only  unnecessary  witli  the 
present  high  production  ratio,  but  are  absolutely  undesirable 
on  account  of  the  added  complication  which  their  presence 
er tails.  The  sales  engineer,  beine:  brought  face  to  face,  as  he 
nuist  off  er  be,  with  the  relative  selliiii^  prices  of  machine  tools, 
will  naturally  tend  towards  an  elimination  of  those  less  desir- 
able features  with  a  consequent  siinplificatioii  of  the  machine. 
His  more  continuous  travels  throughout  the  various  shops 
must  of  necessity  "bring  him  into  close  contact  with  many 
home-made  devices,  which  are  often  the  basis  of  permanent 
improvements  in  standard  design.  It  is  idle  to  suppose  for  a 
moment  that  such  improvements  are  found  only  in  the  larger 
shops,  to  which  as  a  rule  the  visits  of  the  home  engineer 
are  confined.  More  often  it  will  he  found  that  the  small  shop 
with  its  restricted  equipment  will  have  produced  some 
interesting  and  instructive  method  of  producing  the  desired 
results,  where  the  larger  and  wealthier  shop  lias  been  content 
to  increase  its  quota  of  standard  machines. 

Carefully  tabulated  records  of  similar  jobs  performed  in 
differeni  shops  will  nearly  always  indicate  parts  which  may  be 
omitted  and  functions  that  should  he  added,  which  informa- 
tion cannot  be  obtained  in  any  other  way  with  either  the  same 
certainty  or  speed,  and  in  these  ways  the  influence  of  the  sales 
engineer  on  the  desi^jn  of  his  coni})any's  product  cannot  fail 
to  be  verv  marked.  His  influence  on  production,  while  closely 
connected  with  design  and  thus  of  interest  to  the  manufac- 
turer, will  be  of  more  vital  and  material  interest  to  the 
customer.  The  general  adoption  of  this  sales  engineering 
svsf-ern  iiinnediately  places  at  the  disposal  of  the  machine  user 
a  corps  of  highly  trained  engineers  whose  collective  abilities 
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aro  likely  to  ^rt^utly  excinnl  1  hose  over  wliii'li  ho  vvoultl 
iioi'iunllv  have  roul  rol.  Thoir  ； ulvicc  and  roi'ominentlal  ions 
should,  and  oCtcii  do,  lead  to  t  \\v  scienliCic  sfloclion  aiul  instal- 
lation ot"  inucliines,  wliifli,  while  represoiil iiii;  a.  Icsseiunl  instal- 
lat  ion  out  lay,  will  give  iiiucli  great  er  product  ion  t  luiii  if  1  he 
oklor  sy^t oni  of  marhiiie  purchase  were  tol lowed. 

It  must  be  apparent  that  ( he  I'econniientlat ions  ot"  t he  sales 
engineer  cannot  be  made  on  the  spur  of  ilie  inoineiit,  Imt 
must-  receive  a  reasonably  tliorougli  preliminary  study  and 
investigation.  In  one  conipfniy  it  has  l)een  the  practice  for 
the  last  half-dozen  years  to  make  comparatively  elaborate 
time  studies,  for  which  considerable  advance  iiiforination  is 
needed.  This  intorinatiou  must  not  only  cover  t  he  end  which 
it  is  desired  to  accoinplisli,  \)ut  should  also  include  a  reason- 
able aniouut  of  data  as  to  the  earlier  and  existing  methods. 
This  is  i)art icularly  essential  because  it  has  developed  that-  the 
sales  engineer,  seeking  continual  outlet  for  his  machines,  will 
often  invade  the  iield  that  has  been  considered  the  exclusive 
property  oF  some  other  type  of  machine.  It  is  sufficiently 
obvious  that  there  must  be  much  debatable  ground  to  be 
fought  over  by  the  competitive  I'epreseiitatives  of  the  engine 
lathe,  the  turret  lathe,  and  the  automatic  machine,  and  again 
between  the  planer,  shaper,  and  miller.  The  ideal  conclu- 
sions drawn  from  such  investigations  can  only  follow  a  very 
full  consideration  of  all  of  the  factors  connected  with  produc- 
tion, and  not  alone,  as  is  sometimes  the  case,  with  the  number 
of  pieces  turned  out  per  machine  per  day. 

For  these  reasons  certain  standard  forms  are  used  on 
which  is  entered  the  following  inform  at  ioii,  derived  from  the 
user  of  tlie  machine :  (1)  The  quantity  per  annum  and,  if 
possible,  the  size  of  the  lots  in  which  the  work  is  put  through 
the  factory.  (2)  The  degree  of  finish  required.  (3)  The 
quality  of  material.  (4)  The  depth  of  cut.  (5)  The  machine 
on  which  the  work  is  now  being  done.  (6)  The  time  consumed. 
(7)  The  wage  rate  paid.  (8)  The  burden  or  overhead  charge, 
particularly  if  departmental  burden  is  available.  (9)  And 
the  objections,  if  any,  other  than  as  to  the  time  cousunied, 
that  may  be  made  to  the  existing  method.  This  latter  may 
deal  with  the  labour  supply,  the  dependence  upon  certain 
materials,  or  certain  other  limiting  conditions. 

This  report  is  supplemented  either  by  a  sketch  of  tlie 
piece,  or  preferably  by  the  customer's  blue  prints.  Samples 
for  preliminary  cutting  tests  are  also  obtained  whenever  pos- 
sible. With  all  of  this  information,  a  time  study  can  be  made 
up,  which  will  give  in  full  detail  the  separate  operations,  the 
time  taken  for  each  part  of  the  operation,  the  speed  and  feed 
necessary,  and  a  sketch  and  description  of  the  fixture  and 
cutters  to  be  used.  Tlie  resulting  total  time,  which  will  then 
represent  the  time  required  tor  the  production  of  the  indi- 
vidual piece,  receives  the  addition  of  a  certain  percentage, 
which  will  vary  with  the  nature  of  the  shop,  and  is  a  figure 
that  can  be  easily  established  as  a  stcaiclard.  This  information 
is  then  submitted  tc  the  customer  and  in  certain  cases  accom- 
panied by  a  cost  sheet,  comparing  the  suggested  and  existing 
methods.  This  sheet  will  sj)ecify  the  time  per  piece,  includ- 
ing the  above  percentage  ；  the  total  time  per  annum  for 
the  quantity  of  pieces  required  ；  the  wage  cost  ；  and  the 
burden  or  overhead  cost  showing  au  annual  saving  over  the 
old-established  system.  This  saving  may  be  balanced  against 
the  increased  cost  of  equipinent  as  contemplated  by  the  cus- 
tomer. Such  cost- comparison  and  estimate  sheets  are  in  them- 
selves not  necessarily  final,  but  their  great  virtue  is  that  thev 
form  a  nucleus  for  specific  analysis  and  recommendations,  on 
the  part  of  the  customer  and  his  engineers.  It  is  particularly 
important  tliat  such  detailed  infoniiatioii  should  be  sul)mit,t'ed， 
because  the  production  from  a  given  machine  is  very  often 
entirely  independent  of  the  ability  of  that  machine  to  carry 
through  a  certain  cut.  It  is  often  entirely  dependent  upon 
the  chucking  time  afforded  the  operator,  and  still  again  fre- 
quently it  depends  upon  the  spacing  of  the  feed  marks,  or 
quality  of  finish.  Tliis  latter  may  very  well  be  a  commercial 
necessity  and  entirely  independent  of  the  degree  of  accuracy. 

We  can  assume  that  the  time  study  shows  conclusively  how 
tlie  major  proportion  of  the  operation  still  is  dependent  upon 
tlie  operator's  chucking  capacity.  There  are  two  ways  in 
which  til  is  may  be  increased,  either  by  the  elimination  of 
certain  functions  he  must  perform  in  coiiiiection  with  the 
rnaclune,  or  by  so  changing  and  improving  +-lie  holtling 
arrangements  for  the  work  as  to  reduce  the  cluicking  time 
proper.  In  a  great  many  cases  the  former  situation  is  tlie 
one  that  develops,  since  it  is  only  reasonable  to  suppose  that 
the  fix  tare  or  work-holding  device,  having  been  made  espe- 


cially for  ilie  job,  sliull  i-e|)reHt;nt  a  liigliur  decree  ol"  eniciuiicy 
I'lwiii  can  1)0  I'ouiid  in  a  m ；"， hiiie  wlii (； li  Iiuk  been  ("'Higiiecl  lor 
more  generul  purposes.  11  is  here  thai  ihi;  iwoloUl  iiilliiciice 
of  t  he  sales  eiigiiuuM-  on  txjtli  design  and  prod uct  icjii  Ixjcoiiich 
prommuced.  It  is  brouglit.  home  to  liirn  very  Hti'oiigly  thai 
1  he  specilic  limitation  of  liis  inacliine,  while  originally  of  siiiall 
iiiiporiaiice,  is  preventing  a  greater  oulpui.  It  must  then 
suggest  itself  to  liini  that  some  niecliaiiical  means  must  be 
found  for  overcoming  the  hand  operation  of  the  machine  and 
either  of  liis  own  volition,  or  through  the  home  engineering 
department,  lie  will  produce  modifications  of  the  rnacliiiie  to 
suit,  requirements. 

A  further*  irnj)ortant  point  in  1  liis  connection  is  it 卜 

lluence  that  would  be  brought  to  l)ear  by  the  cusloiner  him- 
self, ilis  viewpoint  of  the  machine  must  necessarily  be 
different  from  that  of  the  nianufaciurer,  since  he  is  not  in 
tlie  slightest  degree  concerned  with  the  details  of  its  construc- 
tion. It  is  almost  impossible  for  the  niaiiuiacturer  himself 'to 
take  that  view,  since  on  the  careful  watching  of  those  details 
must  depend  much  of  his  success.  The  user  will  more  often 
clear  his  mind  of  ail  the  details  of  the  macliine  and  reach  the 
pertinent  points  tliat  are  connected  with  production.  He  is 
more  apt  to  compare  the  machine  the  sales  engineer  may  be 
interested  in  with  some  other  entirely  different  machine, 
which  incorporates  some  feature  of  marked  importance  to  his 
particular  class  of  work.  It  would  seem,  for  instance,  that 
the  day  of  the  automatic-power  return  of  the  tables  of  small 
milling  machines  would  have  come  much  sooner  had  its  users 
compared  the  miller  with  the  planer  in  the  way  that  should 
have  been  done.  It  would  really  not  have  been  necessary  to 
compare  the  miller  with  the  planer,  but  to  have  compared  it 
even  with  some  of  the  larger  planer  type  milling  niacliines,  on 
which  such  apparatus  is  standard  equipment.  It  would 
further  seem  that  the  flooded  lubrication  of  milling  cutters 
should  have  come  sooner  had  the  proper  comparisons  been 
】nade  between  a  milling  niachiue  and  a  grinder,  and  parallel 
cases  could  doubtless  be  found  throughout  the  full  machine- 
tool  field.  The  customer,  as  a  rule,  either  has  not  the  time,  or 
he  perhaps  lacks  the  energy  to  bring  such  points  strongly 
enough  to  the  attention  of  the  manufacturer,  and  it  is  to  be 
hoped  that  through  the  efforts  of  the  sales  engineer  more  con- 
certed action  between  user  and  maker  will  accrue. 

There  is  another  phase  of  the  sales  engineer's  influence  on 
production,  and  that  is  concerned  with  the  work-holding 
methods  or  fixtures.  There  are  in  many  shops  ingenious 
methods  in.  force  for  achieving  a  desired  end,  which  methods 
jiiay  be  very  well  adapted,  not  necessarily  to  the  same  specific 
job,  but  to  others  of  a  similar  nature.  Now  these  methods 
must  come  fully  under  the  eye  of  the  sales  engineer,  not  only 
ill  liis  visits  to  the  customer's  shop,  but  in  his  comparison  of 
the  suggested  with  the  existing  method.  This  interchange 
will  be  more  far- reaching  in  its  influence  than  if  the  compari- 
son between  methods  and  production  were  always  limited  to 
one  type  of  machine,  since,  as  is  well  known,  the  different 
types  of  machines  have  each  tended  to  develop  a  different 
system  of  standards  of  holding  appliances 

The  foregoing  roughly  outlines  the  direction  in  which  the 
sales  engineer  may  be  expected  to  influence  production  and 
design.  More  striking  evidence  of  the  growth  of  this  particu- 
lar field  of  activity  is  to  be  found  in  the  changing  personnel 
of  agencies.  Some  machine-tool  concerns  are  represented  by 
agents  who  are  by  virtue  of  their  limited  individual  territories 
brougiil  more  closely  into  contact  with  the  customer  than  the 
sales  engineer  can  hope  to  be.  It  needs  but  little  reflection 
to  see  that  the  change  in  the  make-up  of  the  machinery  sales- 
men or  agencies  has  been  very  marked  and  that  their  ability 
to  render  practical  service  to  the  consumer  is  much  greater 
than  ever  before.  Some  of  the  agencies  with  which  the  writer 
is  acquainted  are  controlled  by  men  of  marked  mechanical 
attainments.  Their  influence  on  production  is  very  great 
indeed,  and  in  certain  cases  they  have  contributed  consider- 
ably to  the  creation  of  new  designs.  It  is  probable  that  the 
full  record  of  the  influence  of  the  separated  selling  houses  on 
iiiacliine-iool  design  would  make  highly  interesting  and  in- 
structive reading. 

There  must  result  for  all  of  us  some  distinct  benefit  from  a 
full  and  careful  interchange  of  ideas,  and  it  seems  tliat  this 
can  hardly  be  made  with  much  in  ore  certainty  and  satisfac- 
tion than  when  the  mediiini  is  one  who  must  demonstrate  the 
efficiency  of  that  machine  in  which  lie  is  vitally  interested,  or 
failing  such  demonstration  must  make  changes  in  the  product 
to  meet  the  conditions  found. 
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IMPROVEMENTS  IN  DUPLEX  BORING  AND  TURNING  MILLS. 

^Ie^sks.  Webster  &  Bennett,  Ltd.,  Northey  Road  Works, 
Foleshill,  Coventry,  in  conjunction  with  Mr.  H.  Thompson, 
have  recently  introduced  and  patented  some  improvements 
in  duplex  boring  and  turning  mills.  In  the  majority  of  these 
tools  the  tables  are  arranged  close  together  with  the  control 
mechanism  at  the  extreme  ends  of  the  mill.  It  is  naturally 
desirable  that  the  cutting  tool  be  located  on  the  side  of  the 
work  next  the  control  mechanism  so  that  the  operator  can 
watch  the  operation,  but  it  is  also  very  important  that  the 
tangential  component  of  pressure  on  the  cutting  tool  be  in  a 
direction  towards  the  cross  slide.  This  means  that  for  turning 
work  the  tables  should  revolve  in  opposite  directions.  This  in 
most  cases  necessitates  two  sets  of  boring  and  reamering  tools 
witli  oppositely  directed  cutting  edges.  The  arranges ent 
illustrated  has  been  designed  with  a  view  to  avoid  this  neces- 
sity. The  right-hand  table  A,  which  is  mounted  upon  the 
spindle  L,  is  driven  from  a  lay  shaft  B  through  a  constant 
pair  of  gears  at  M，  so  that  it,  rotates  always  in  a  direction 
which  is  counter-clockwise  looked  at  from  above.  The 
operator  stands  at  the  right-hand  side  of  the  machine,  and 
the  control  mechanism,  which  is  not  shown,  is  at  the  right  of 
the  axis  of  tlie  spindle  L  and  therefore  the  control  mechanism 
is  haiidv.      The  left-hand  table  C,  which  is  carried  on  the 


Duplex  Borixg  and  Turning  Mtll. 

spindle  N，  is  also  driven  from  a  lay  shaft  T)  through  constant 
gears  O.  The  lay  shaft,  however,  can  be  driven  in  either 
direction  from  a  const antly-rumiing  shaft  which  is  in  geared 
connection  with  the  feed  mechanism.  Tlie  axis  of  this  shaft 
is  shown  at  E  and  as  it  always  I'lms  in  tlie  same  direction  the 
feed  mechanism  is  】iot  reversed  when  the  direction  of  rotation 
of  the  table  C  is  altered.  On  the  lay  shaft  are  two  bevel 
gears  F  and  G,  either  of  which  can  be  clutched  to  the  lay 
shaft  by  sliding  a  dog  clutch  member  H  under  the  control  of 
a  lever  J.  The  two  gears  F  and  G  mesh  with  a  bevel  wheel  K 
on  the  driving  shaft  E.  Thus  by  engaging  the  clutch  H  witli 
the  correct  gear  F  or  G  the  table  can  be  caused  to  revolve  in 
the  required  direction.  For  boring,  reamering,  or  similar 
operations  it  revolves  in  an  anti-clockwise  direction,  and  the 
same  type  of  boring  tools  can  be  used  for  both  tables.  For 
turning  work  the  table  C  is  rotated  in  the  opposite  direction 
so  that  special  turning  tools  are  required  for  the  left-hand 
table,  but  considerable  advantages  are  obtained  because  the 
tangential  cutting  pressure  is  more  efficiently  taken  by  the 
cross  slide.  The  control  nieclianistn  for  the  left-hand  portion 
of  the  mill  is  arranged  at  the  left-hand  side  of  the  axis  of  the 
table  C. 


STANDARDISATION  AND  ITS  ASSISTANCE  TO  THE 
ENGINEERING  INDUSTRIES.* 

//〃〃'〃,〃'//''〃.——Tl! is  pajxM'  lias  \h  cii  |)r  ej)arecl  at  tlie  request 
of  Prof.  Howe,  wlio  informed  tlio  secreia ry  of  the  Engineering 
Standards  Commit  t  ee  that  the  Oi'gaiiisiiig  Com niittee  of  t  he 
British  Association  had  decided  to  invite  the  presentation  of 
a  limited  n umber  of  papers  on  subjects  of  national  impor- 
tance. 

(retieml  Views  <ni  fUamf"rd'"fff "川 . ― In  regard  to  stan- 
dardisation as  applied  to  engineering  practice,  much  has  been 

•  Paper  rciw】  before  Koction  "G"  of  the  Jiritisli  ARHOciaiion.  at  Newcastle, 
September,  1916,  by  the  Secretary  of  the  Engineering  Standards  Committee. 


written,  and  it  has,  in  fact,  become  so  necessary  to  progress 
and  is,  indeed,  so  familiar  to  most  of  you  that  it  will  suffice 
oil  such  an  occasion  as  this  to  draw  attention  to  a  few  of  the 
more  important  aspects  of  the  subject  and  at  the  same  time 
place  on  record  something  of  the  success  which  has  been 
achieved  in  this  country  of  late  tlirough  the  effective  co-ordi- 
nation of  individual  effort. 

It  is  scarcely  necessary  nowadays  to  insist  on  standardisa- 
tion as  being  of  paramount  importance  to  economic  produc- 
tion,, but  that  was  not  so  clearly  seen  16  years  ago,  before  the 
advent  of  the  British  Engineering  Standards  Committee. 
However,  keen  competition  from  outside,  the  legitimate 
demands  of  labour  for  a  higher  standard  of  living,  coupled 
with  the  desire  of  capital  for  an  adequate  return,  have  com- 
pelled the  whole  industry  to  introduce  modern  order  and 
system  in  all  it's  methods  of  production,  former  individualistic 
methods  giving  way  to  co-ordination  and  collective  effort. 
These  improvements,  which  have  already  resulted  in  marked 
benefits,  nnist  not  only  be  maintained,  however,  but  con- 
tinually added  to  if  the  full  advantages  are  to  be  reaped. 

The  individual  gain  in  private  workshop  standardisation 
is  acknowledgedly  great  to  the  producer,  for  it  tends  towards 
iiiterchaiigeability  of  component  parts,  facilitates  quick  deli- 
very, and  reduces  maintenance  charges  and  stores.  In  these 
ways  it  benefits  also  the  consumer  and  the  nation  at  large. 

Crystallisation,  however,  which  would 
tend  to  impede  and  to  stultify  progress, 
must  be  jealously  guarded  against  if 
standardisation  is  to  be  of  permanent 
value  and  the  purchaser  is  not  to  be 
deprived  of  the  benefit  of  competitive 
efTort  and  inventive  genius.    Those  re- 
sponsible for  the  initiation  of  the  stan- 
dardisation movement  in  Great  Britain 
realised  from  the  first  that  in  order  to 
avoid  undesirable  stereotyping  of  prac- 
tice it  would  be  necessary  from  time  to 
time  to  revise  standards,  and  this  has 
become  recognised  as  an  essential  part 
of    any   standardisation   work,  which 
never  can  be  regarded  as  final.    In  this 
way  the  commvmity  of  interest,  of  buyer 
and  seller  was,  and  is,  realised  through 
the  acceptance  by  both  of  an  agreed  yet 
flexible  standard. 
Satisfactory  results  have  been  arrived  at  not  by  one  section 
of  the  coniinunity  imposing  its  opinions  on  the  other,  but 
rather  as  the  result  of  co-operative  action,  mutual  concession, 
and  ultimate  agreement  between  all  the  interests  concerned. 
The  adoption  of  standards  agreed  on  in  this  way  undoubtedly 
promotes  uniformity  of  practice,  avoidance  of  waste,  elimina- 
tion of  harsh  and  unnecessary  conditions,  reduction  of  manu- 
facturing costs,  and  last,  but  by  no  means  least,  engenders  a 
feeling  of  mutual  confidence  between  user  and  producer  such 
as  could  not  be  secured  by  isolated  action  on  the  part  of  either. 
Experience,  moreover,  has  shown  clearly  that  such  pro- 
cedure   does   not    lower  the  standard  of  quality,  but  tends 
rather  to  raise  it,  for  staiiclardisatioii  carried  out  along  these 
lines  reflects,  in  effect,  the  consensus  of  opinion  as  to  what 
constitutes  best  modern  practice. 

Successful  standardisation  can  only  be  arrived  at  by  com- 
mon consent  of  all  those  who  take  full  part  in  the  initiation 
and  working  out  of  the  actual  details  of  the  various  specifica- 
tions which  are  intended  to  be  recommended  ultimately  for 
public  use.  The  realisation  of  this  guiding  principle  by  the 
founders  of  the  Engineering  Standards  Committee  is  probably 
one  of  the  chief  reasons  for  the  wide  adoption  of  the  British 
Standard  Specifications,  which  have  no  authority  other  than 
til  at'  of  public  opinion. 

TJie  (^ow  fniffee^  its  I iice pflo//  (uhJ  (iro  irfh. —— The  niove- 
meiit ,  ivS  represented  by  the  Engineering  Standards  Commit- 
tee, the  greatest  voluntary  effort  of  its  kind,  in  which  public 
spirit  has  been  so  lavishly  shown,  was  founded  in  1901， 
t  lirout^h  the  initiative  of  Sir  John  Wolfe  Barry,  K.C.B.,  who 
had  lung  been  coming  to  the  conclusion  that  some  means  were 
urgently  required  io  systematise  design  and  production  of 
component  pii rts. 

Ill  1897  certain  remarks  made  by  the  L'lf  e  Lord  Salisbury 
oil  the  desirability  of  scientific  physical  st-aiulards  and  con- 
stants to  an  important  scientific  deputation,  which  resulted 
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slu)rt  ly  aKtM  wai  ils  in  1  ho  osl ahlislmioiil  of  llio  National  Pliysi 
(m1  I:; 山。 ra"":v'  coiiliniH^d  Sir  Jolui  Wolfe  Harry  in  Ins 
opinion,  and  iii  J anuarv,  rJOl ,  \w  laid  the  matter  as  affecting 
t  lie  engineering-  1  rades  ol'  t  lie  coiiiil  ry  before  l  lie  Council  ol 
tlie  Institution  of  Civil  Kni>*ineers,  with  the  result  that  a 
Coininil tee  was  appoinl^Ml  to  consider  the  question  of  stan- 
dardising various  kimls  iron  ； uid  steel  sections.  The  (，（>iu- 
mittee  reported  tavouraltly  on  the  project,  and  the  Council  of 
the  Institution  of  Civil  Kiii>iiieers  adopted  the  report,,  and  tli" 
co-operation  ot*  the  five  leading  engineering  institutions  of  the 
kingtlojn,  viz.,  the  Instil ul ion  of  Civil  Kiigineers,  tho  Institu- 
tion of  Mechanical  Engineers,  the  Institution  of  Naval  Archi- 
tects, the  Iron  and  Steel  Institute,  tlie  Institulion  of  Electrical 
Engineers,  was  subsequently  secured.  The  original  reference 
to  the  Coinniittee  was  enlari^ed  by  resolution  of  all  the  Coun- 
cils of  tlie  supi'm'ting  institutions,  and  full  power  was  con- 
ferred on  the  Committee  as  to  publication  and  the  best 
maimer  of  giving  effect  to  their  findings. 

Thus  from  a  single  Committee,  consisting  originally  of 
seven  members,  appointed  to  discuss  the  advisability  of  stan- 
dardising rolled  sections  and  rails,  has  grown  the  present  fear- 
reaching  organisation  with  its  64  committees  and  sub-corn - 
inil  tees,  as  well  as  numerous  panels,  including,  in  all,  well  over 
500  members  freely  giving  their  time  and  experience, 
often  at  great  personal  inconvenience,  and  dealing 
with  subjects  embracing  practically  the  whole  of  engi- 
neering practice.  It  is  due  to  the  memory  of  the  late 
secretary,  Mr.  Leslie  Robertson,  to  say  that  the  success  of  the 
Committee  has  been  largely  owing  to  his  energy,  foresight, 
and  conspicuous  ability.  His  intimate  knowledge  of  men  and 
affairs,  combined  with  sympathetic  consideration  for  the  views 
of  all,  enabled  him  to  cope  successfully  with  problems  which 
otherwise  would  have  presented  more  serious  difficulties. 

The  internal  organisation  of  the  Engineering  Standards 
Committee  need  only  be  very  briefly  referred  to,  as  it  is  fully 
set  out  ill  tlie  Report  on  Work  Accomplished,  which  is  issued 
annually.  The  Main  Committee,  which  is  composed  of  19 
official  representatives  of  the  five  leading  engineering  institu- 
tions, has  charge  of  the  administration  of  the  whole  of  the 
work,  the  raising  of  the  necessary  funds,  the  controlling  of  the 
expenditure,  tlie  selection  of  subjects  for  standardisation,  and 
the  ratification  of  all  reports  and  specifications  presented  by 
the  various  sectional  committees  for  its  approval  prior  to  pub- 
lication. The  sectional  committees  are  appointed  by  the  Main 
Committee,  who  nominate  the  respective  chairmen  and 
arrange  the  mode  in  which  the  subjects  are  to  be  dealt  with. 
The  sectional  and  sub-committees  contain  representatives  of 
the  various  Government  departments,  consulting  engineers, 
manufacturers,  contractors,  and  users,  as  well  as  representa- 
tives from  tlie  technical  societies  and  trade  associations 
concerned. 

The  Main  Committee  only  studies  subjects  at  the  request 
of  the  various  sections  of  the  industry  concerned,  and  does  not 
venture  to  make  recominendatioiis  except  on  the  initiative  of 
the  engineers  or  responsible  representatives  of  the  trade 
affected. 

The  utmost  care  is  taken  at.  the  very  outset  to  ensure  that' 
all  who  have  or  could  possibly  have  any  interest  in  the  pro- 
posed standardisation  shall  be  adequately  represented 
(through  their  recognised  societies  and  trade  associations  if 
sucli  exist)  on  the  committee  entrusted  with  the  work.  If 
necessary,  evidence  is  taken,  the  advice  of  experts  is  sought, 
and  in  this  way  all  parties  are  consulted  and  have  a  voice  in 
the  initial  proposals,  thus  avoiding  much  subsequent  friction 
whicli  might  otherwise  occur. 

In  drawing  up  industrial  standards,  experimental  investi- 
gations frequently  become  necessary  in  order  to  establisli  tli'Q 
facts  underlying  the  principles  involved,  and  in  this  connec- 
tion the  National  Physical  Laboratory  has  been  aiul  is 
conspicuously  useful.  It  is  in  effect  the  Committee's  official 
testing  bureau,  ami  its  ultimate  authority  in  inatters  concern- 
ing electrical  and  mechanical  tests,  acting  in  an  advisory 
capacity  in  all  the  work  in  which  unbiased  experinieiit'a]  data 
are  essential. 

Eacli  sectional  coTiiniittee  is  given  an  opportunity,  once  a 
year,  of  passing  in  review  the  specifications  for  which  it  has 
been  responsible,  for  possible  revision  or  addition  if  expe- 
rience shows  that,  such  is  desirable,  and  it  is  this  system  of 
keeping  abreast  of  invention  and  progress  which  adds  so 
greatly  to  the  practical  value  ot*  the  work  of  the  Committee. 


The  HritiHli  Staiuhird  Specificui ions,  which  ； ue  confined  1  o 
1  lie  main  leclmical  cliiuses  necesHary  for  the  piinrliaHe  ol*  t lie 
product  to  will (； li  the  speidlicalion  relates,  find  an  increasingly 
wide  a(loj)Lioii.  Tliey  are  l)ei"g  increasingly  adopted  1  liroii^ii- 
out  1  he  country,  in  liome  and  export  ti'fide  in  general,  and  hi* (！ 
also  being  largely  substituted  for  the  variouH  and  did'eriiig 
(ilovernment  and  municipal  specifications  formerly  einplnyed. 
They  are  proving  of  increasing  value  to  the  Crown  Agents 
tor  the  Colonies  and  the  self-governing  Dominions,  and  are,  in 
large  niim hers,  being  sent  abroad  for  use  in  ilio  HUpply  of 
engineering  material  required. 

Sifccf'ss  of  t lif  M ovenicnt. —— As  already  mentioned,  one 
of  the  first  objects  in  the  formation  of  the  Cot" mittee  was  to 
simplify  the  rolling  of  steel  sec  'ions  for  enj^iiieeiing  structures 
and  rails  as  well  as  shipbuilding  material  so  as  to  save  un- 
necessary cutting  of  a  variety  of  rolls  tor  no  good  reason  and 
also  to  facilitate  the  making  to  stock  during  slack  times.  That 
the  work  of  the  Conunittee  in  1  his  direct  ion  has  been  amply 
rewarded  is  shown  by  the  fact  that  the  number  of  rolls  in  use 
by  British  manufacturers  has  been  largely  reduced.  As  an 
instance,  whereas  there  were  formerly  70  sections  of  tramway 
rails,  there  are  now  only  five.  The  same  is  true  of  all  ordinary 
merchantable  sections  such  as  angles,  tees,  and  channels  and 
rolled  joists.  The  percentage  ot"  British  standard  tramway 
rails  to  the  total  tonnage  rolled  during  the  year  ended  March, 
1915，  was  75  per  cent.,  which  is  an  indication  that  tlie  number 
of  standards  recommended  is  adequate  to  meet  all  ordinary 
requirements.  A  considerable  reduction  has  similarly  been 
effected  in  regard  to  railway  rails,  and  the  work  of  the  Com- 
mittee is  evidently  of  material  benefit  to  the  railway  com- 
panies by  the  wide  adoption  of  its  findings  and  tlie  substantial 
manner  in  which  they  financially  support  tlie  Committee's 
activities. 

Turning  to  the  case  of  Portland  cement,  tlie  British  stan- 
dard is  now  generally  adopted  by  engineers  and  manufacturers 
throughout  the  whole  country,  and  the  large  number  of  copies 
of  the  specification  which  have  been  sold,  3,500  copies  since 
the  1910  revision,  goes  to  show  its  general  utility  to  the 
industry.  For  1913，  the  output  of  Portland  cement  of  the 
country  was  over  3,000,000  tons,  95  per  cent,  of  which,  it  is 
estimated,  was  made  to  British  standard. 

The  London  County  Council,  in  its  General  Powers  Act, 
1909  (Part  4)，  amending  the  London  Building  Acts  so  as  to 
provide  for  the  construction  of  steel  frame  buildings,  has  re- 
quired that  all  rolled  steel  used  in  the  construction  of  skeleton 
frameworks  of  buildings  shall  comply  with  the  British  Stan- 
dard Specification  for  structural  steel  for  bridges  and  general 
building  construction,  and  that  all  brickwork,  concrete,  stone, 
and  other  similar  materials  used  in  conjunction  with  the  metal 
frameworks  shall  be  executed  in  cement  conforming  with  the 
British  Standard  Specification  for  Portland  cement. 

It  is  estimated  that  60  per  cent,  of  the  material  used  in 
the  manufacture  of  railway  rolling  stock  in  Great  Britain  is 
made  to  British  standard.  It  would  also  appear  from  returns 
that  for  five  of  the  largest  steel  works  during  1913-14  the 
British  standard  sections  totalled  95  pei'  cent,  of  their  output. 
The  sections  recoinniended  by  tlie  Committee  for  structural 
steel  may  be  had  from  practically  all  the  steel  works  in  the 
country. 

The  Admiralty  has  adopted  the  British  Staiulavfl  Speci- 
fication for  steel  for  marine  boilers,  where  steel  ot  t  he  t  ensile 
strength  dealt  with  therein  is  required,  the  British  St  aiulard 
Specification  for  structural  steel  for  shipbuilding,  and  subject 
to  certain  additional  requirements  made  necessary  by  the 
special  character  of  naval  work,  the  British  Standard  Speci- 
fications for  steel  castings  and  forgings  for  marine  purposes. 
The  Admiralty  has  also  decided  to  adopt  the  Britisli  standard 
fine  threads  (Report  No.  20)  for  all  bolts,  nuts,  and  studs  for 
marine  work  generally,  and  the  War  Office  has  specified 
them  in  many  cases.  The  War  Office  has  also  adopted  the 
British  standard  rim  diameters  for  solid  tyres  (Report  No. 

71)、 

The  Board  of  Trade  rules  for  the  survey  o['  passenger 
steamships  are  in  accordance  with  the  British  St  aiulard  Speci- 
fications for  boiler  sleel,  ingot-steel  forgings,  and  steel  cast- 
ings. Lloyd's  Register  has  adopted  the  British  standard 
sections,  and  the  standard  specifications  for  steel  for  ship- 
building and  marine  boilers  and  for  steel  castings  and  forgings 
for  marine  purposes,  and  has  incorporated  these  in  its  rules. 
The  British  Corporation  for  the  Survey   and  Registry  of 
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Shipping,  and  the  Bureau  Veritas  have  likewise  given  effect 
to  the  Committee's  recommendations  in  their  rules. 

The  Admiralty  has,  moreover,  taken  the  keenest  interest 
in  the  electrical  work  and,  in  nearly  all  cases,  has  adopted 
the  electrical  specifications  of  the  Coniniittee,  except  where  the 
exigencies  of  the  service  required  departures  owing  to  the 
special  conditions  which  have  to  be  met  at  sea. 

The  Indian  Goveriiinent  and  Indian  Goveriiineut  Railway 
Companies,  besides  adopting  the  specifications  of  the  Com- 
mittee for  inanufactured  work,  requested  in  1903  that  the 
standardisation  of  types  of  locomotives  be  uudertaken  by  the 
Coiinnittee  and,  in  all,  six  broad-gauge  and  four  metre-gauge 
engines  have  been  standardised,  and  at  the  further  request 
of  the  Indian  Government  designs  for  three  more  standard 
engines  are  in  preparation.  Since  the  issue  of  the  first  report 
in  1905  more  than  1,600  standard  broad-gauge  and  700  stan- 
dard metre-gauge  engines,  representing  roughly  about  7| 
millions  sterling,  have  been  built  for  India.  Criticisms  have 
sometimes  been  heard  in  regard  to  this  policy  of  the  Railway 
Board  of  India,  but  over  10  years  of  practical  experience  has 
evidently  demonstrated  the  wisdom  and  economy  of  this 
policy,  which  might,  with  advantage,  be  followed  by  our  home 
railways.  Crystallisation  of  design  and  stagnation  has  clearly 
been  avoided  by  the  policy  of  a  standing  committee  reviewing 
its  recommendations  at  stated  periods  and  adopting  modifica- 
tions as  and  when  deemed  necessary.  Evidently  the  require- 
ments of  the  locomotive  engineers  of  the  Indian  railways  are 
being  met  satisfactorily  by  the  comparatively  small  number 
of  standard  types  recommended. 

The  Home  Office,  in  a  memorandum  on  chains  and  lifting 
devices,  notes  the  increased  use  of  the  two  higher  grades  of 
wrought  iron  recommended  by  the  Committee,  and  encourages 
their  general  adoption  by  chain  makers.  Also,  in  a  recent 
Order  in  Council,  the  Home  Office  requires  that  the  wattage 
of  tungsten  filament  lamps  used  for  automobiles  shall  be 
limited  to  the  maxima  given  in  the  Committee's  report  dealing 
with  that  subject. 

Much  work  has  been  carried  out  for  the  Road  Board  in 
regard  to  sizes  of  broken  stone  for  roaclmaking,  and  these 
recommendations,  having  been  adopted,  will  doubtless  be  of 
increased  assistance  after  the  war. 

Turning  to  the  electrical  side  of  the  Committee's  activities, 
it  is  interesting  to  note  the  large  amount  of  preparatory  work 
of  importance  which  has  been  successfully  carried  through 
during  the  past  two  years.  The  most  important  electrical 
work  completed  is  that  of  the  Standardisation  Rules  for  Elec- 
trical Machinery,  in  the  preparation  of  which  the  Committee 
has  received  the  cordial  co-operation  of  the  British  manufac- 
turers through  their  official  organisation. 

The  conditions  of  the  electrical  industry  in  this  countTy 
are  very  different  from  those  existing  either  in  Germany  or 
America.  In  the  United  States  two  large  corporations  deal 
with  practically  the  whole  of  the  business,  whereas  here  there 
are  some  40  or  50  firms  more  or  less  in  competition  with  one 
another.  However,  conferences  held  both  in  London  and  in 
New  York  with  tlie  Standards  Committee  of  the  American 
Institute  of  Electrical  Engineers,  have  resulted  in  the  estab- 
lishment of  a  thoroughly  practical  basis  for  the  comparison 
of  tenders  for  electrical  machinery  in ade  in  the  United  States 
of  America  or  Great  Britain,  the  rules  of  both  countries  being 
now  in  agreement  on  all  essentials. 

It  is  a  pleasure  to  be  able  to  place  on  record  the  Commit- 
tee's appreciation  of  the  courteous  manner  in  which  our 
American  cousins  have  co-operated  with  their  British  con- 
freres in  this  ini portant  matter,  and  the  generous  way  in 
whicli  they  have  dealt  with  the  British  criticisms  of  theii* 
original  proposals.  The  result  of  such  work  cannot  fail  to 
exercise  a  most  beneficial  effect  in  doing  away  with  misunder- 
standings, and  so  promoting  fair  (lealiiig  in  international 
contracts. 

M uch  also  has  been  a<-coin))]islie(J  in  one  of  the  most  diffi- 
cult of  tasks,  the  stanclardisulioii  of"  small  electric  fittings  with 
due  regard  to  liberty  in  design.  This  work,  in  which  again 
the  makers'  association  has  been  most  lielpful,  has  occupied 
a  great  deal  of  time,  and  the  clifli c-ull  ies  and  prejudices  to  be 
overcome  liave  been  great.  Ordinary  household  wall  plugs 
and  sockets  have  at  last  been  standardised  as  regards  inter- 
cliangeability.  A  specification  to  secure  interchangeahility 
between  any  charging  plug  and  any  socket  of  the  type  recom- 


mended by  tlie  Electrical  Vehicle  Committee  of  the  Incor- 
porated Municipal  Electrical  Association  should  be  of  mate- 
rial assistance  in  promoting  the  use  of  electric  wagons  and 
runabouts.  A  specification  for  electric  supply  meters  has 
recently  been  evolved  after  much  labour,  and  although  some 
modifications  may  still  be  required,  it  is  hoped  that  it  may 
eventually  prove  satisfactory  to  both  producer  and  purchaser 
alike. 

A  system  of  British  standard  graphical  symbols  for  use  in 
electrical  engineering  plans  is  being  drawn  up,  and  in  this 
work  the  Committee  has  the  co-operation  of  the  American 
and  Canadian  Electrotechnical  Committees, 

The  rainifications  of  the  Committee  are  extremely  wide- 
spread, and  the  commerce  of  the  world,  due  to  the  increasing 
ease  of  communication,  being  largely  international,  one  might 
almost  say  in  spite  of  the  artificial  barriers  set  up  by  different 
nations,  it  is  natural  that  the  Committee  should  be  forced  to 
envisage  co-operating  internationally.  The  Sectional  Electri- 
cal Committee,  with  a  different  chairman,  is，  ipso  facto,  the 
British  Committee  of  the  luter national  Electrotechnical  Com- 
mission, which  has  brancli  committees  in  15  to  20  different 
countries. 

Tlie  complex  nature  of  electrical  machinery  calls  for 
different  treatment,  from  the  point  of  view  of  standardisation, 
than  in  the  case  of  other  engineering  materials.  Indeed,  the 
problem  of  the  rating  of  electrical  machinery  is，  possibly, 
more  intricate  than  is  the  standardisation  of  any  simple  pieces 
of  mechanism,  electrical  or  otherwise.  The  conductivity  of 
the  copper,  the  permeability  of  the  iron,  the  mechanical 
strength  of  the  materials,  cau  be  estimated  with  sufficient 
accuracy  from  the  results  of  definite  and  easily-carried- out 
tests  on  samples.  When  the  question  of  the  insulating  mate- 
rials, however,  is  considered,  the  problem  is,  of  course,  very 
different,  and  one  can  but  acknowledge  that,  owing  to  their 
inherent  properties,  the  insulating  materials  employed  at 
present  come  into  an  entirely  different  category.  They  are 
governed  by  no  well-defined  laws,  as  in  the  case  of  the  copper 
and  iron,  their  properties  are  variable  and  alter  largely  for 
very  small  changes  in  the  conditions  of  manufacture  as  well 
as  those  under  which  they  are  employed  iu  the  completed 
machine.  One  of  the  important  problems,  therefore,  is  the 
settling  of  tlie  limits  which  it  is  considered  necessary  to  impose 
in  order  to  ensure  that  the  principal  causes  of  destruction  of 
the  insulating  materials,  the  heating  combined  with  the  time 
element,  shall  be  well  kept  within  safe  limits. 

A  clear  distinction  exists  also  between  an  "  international 
standard  of  quality  "  and  an  "  international  rating."  The 
international  acceptance  of  the  former  has  already  been 
brought  about  by  the  adoption,  by  the  I.E. C.  at  its  Berlin 
meeting  in  September,  1913,  of  certain  limits  of  observable 
temperature  applying  to  the  materials  in  general  use  to-day. 
But  these  limits  do  not  offer  a  means  of  comparing  directly 
machines  from  various  sources,  since  they  would  not  neces- 
sarily have  the  same  teiiipei^ature  rise.  The  fact,  however, 
that  American  and  British  electrical  engineers  are  at  one  on 
this  point  of  immense  commercial  importance  will  doubtless 
have  a  great  influence  on  the  electrical  industry  of  the  world. 

On  all  sides  there  are  signs  of  strenuous  preparations  for 
meeting  conditions  after  the  war  ；  science  and  industry  are 
coming  closer  together,  tlie  commercial  and  technical  sides 
inseparably  linked  together  are  being  more  efficiently  orga- 
nised, research  work  to  assist  manufacturers  is  being  co- 
ordinated, finance  is  organising,  cornbiiuitions  of  commercial 
organisations  are  in  the  air;  in  fact,  everything  is  being  done 
with  a  view  to  strengthen  British  industry. 

The  German  League  of  Economic  Associations  recently 
formed  out  of  the  six  great  associations  of  German  engineers, 
architects,  /urnacemen,  chemists,  electricians,  and  marine 
engineers,  numbering,  so  it  is  said,  some  60,000  members,  is 
ail  indication  of  what  may  be  expected.  Every  effort  must, 
therefore,  be  made  to  ensure  tli at  the  British  Standard  Speci- 
fications are  readily  available  to  foi'eigii  purchasers  as  well 
as  to  those  in  the  British  Empire.  A  few  of  the  specifications 
have  already  been  translated  into  French,  and  it  is  hoped  t hat- 
satisfactory  arraiigeinents  may  be  made  to  translate  tliem  all 
both  into  French  as  well  as  Sjiaiiish.  In  regard  to  Russian, 
the  question  is  somewhat  coTii[)licated,  but  in  this  case  also 
the  matter  is  being  given  the  most  careful  consideration. 
In  conclusion,  I  cannot  do  better  than  refer  to  the  views 
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expressed  l)v  Sir  John  Wolfe  Barry  at  Glasgow,  in  1908，  for 
tliev  Jire  1  rue  to-day.  In  iiiany  markets,  foriiierly  exclusively 
British,  he  said,  we  no  loti^er  hold  supremacy,  because,  by 
quiokuoss  of  dispatch  rat  hor  t  luui  1  11  rough  superiorit  y  of 
»iuit (Mual  cw  workmanship,  our  rivals  have  been  al^le  to  beat 
us  ;  but  t  he  work  which  has  Ihhmi  ofTected  by  the  Conutultee 
should  very  nialrrially  assist  in  kee])in<^  the  trade  of  our  great' 
Colonial  Kinpire  in  t  he  hands  of  British  manufacturers. 

Si"r"'ieid'  evidence,  you  will  ai^ree,  has  l)eeii  brou^lit  tor- 
ward  to  show  I  lie  great  ut  ility  of  t  he  Committee's  work  to  1  lie 
(Migiiieering  iud ustry  of  1  lie  Empire.  As  regards  the  ininie- 
iliate  future,  so  pregnant  with  vital  issues  to  our  trade,  hot  li 
home  and  export,  the  influential  position  of  the  Engineering 
Standards  Coinmittee  as  the  central  body,  with  its  unique 
expert  knowledge  of  standardisation,  surely  holds  vast  poten- 
tialities for  good  to  the  iiid ustry.  The  question  of  standardi- 
sation is,  indeed,  a  national  one  and  should  be  regarded  in  the 
broadest  way  possible.  Undoubtedly  it  is  exercising  a  pro- 
found effect  oil  the  industry  generally  and,  if  supported  at 
home  and  abroad  not  only  by  the  British  Government  hut  by 
all  concerned,  as  it  richly  deserves  to  be,  will,  in  the  future, 
prove  of  incalculable  value  in  furthering  the  legitimate  aiiris 
of  our  British  manufacturers,  the  products  of  whose  work- 
shops, for  solidity,  for  efficiency,  and  continuity  of  service, 
are  second  to  none. 


UTILISATION  OF  BLASTFURNACE  SLAGS.* 

BY  E.   C.  IJROWN. 

The  hot  slag  ladle  is  used  at  many  furnace  plants,  especially 
the  larger  ones,  and  is  essentially  a  big  cast-iron  pot,  at  first 
carried  by  a  yoke  supported  on  railroad  car  trucks,  but  now  a 
more  stable  cast-iron  or  steel  skeleton  car  body  is  employed  to 
support  the  ladle  and  its  accessories.  The  transportable  pot 
or  ladle  thus  formed  has  the  necessary  tilting  mechanism, 
operated  by  hand,  steam,  or  compressed  air,  and  the  modern 
ladles  have  a  capacity  of  about  200  cub.  ft.  to  260  cub.  ft. 

The  cost  of  this  type  of  equipment  is  heavy,  both  in 
original  outlay  and  maintenance.  The  molten  slag  is  run 
directly  from  the  furnace  by  the  cinder  trough  into  these 
ladles,  and  hauled  to  a  convenient  dump,  sometimes  as  far  as 
eight  or  ten  miles.  The  ladles  are  placed  on  a  track  on  the 
edge  of  the  dump  and  unloaded  by  tilting.  With  the  modern 
air-dumped  ladle  this  operation  is  quite  expeditious.  It 
requires  only  about  two  minutes  per  ladle,  or  from  15  to 
20  miimtes  to  discharge  the  contents  of  a  train  of  seven  or 
eight  cars.  Usually  the  skull  or  hardened  shell  of  slag  slips 
from  tlie  ladle  with,  or  immediately  following,  the  liquid  slag. 
Occasionally  the  skull  tends  to  adhere  to  the  iron  pot,  particu- 
larly if  the  latter  has  been  cracked  or  is  otherwise  defective. 
It  is  usually  easily  forced  out,  however,  by  a  few  clashes  of 
water  thrown  from  a  bucket  and  aimed  at  the  point  of  con- 
tact, between  skull  and  】）ot.  Manifestly,  the  higher  the  dump 
the  more  economical  is  this  manner  of  disposition. 

From  slags  thus  or  similarly  deposited,  the  greater  amount, 
perhaps,  of  the  principal  commercial  slags  are  produced.  It 
yeiierally  is  left  to  cool  and  weather  for  several  months,  and  is 
then  excavated  by  steam  sliovel  and  crushed  and  screened  to 
various  sizes  for  use  as  "ballast,  concrete  aggregate,  road  metal, 
roofms:  sla:^,  filter  material,  &c. 

The  o;raiiulation  of  slag  destroys  its  dense  condition  and 
produces  a  li^ht  and  more  or  less  fine  granular  substance, 
resembling  in  appearance  coarse  sand.  In  this  form  the  slag 
will  weie^h,  perhaps,  from  one-fifth  to  one-third  only  as  much, 
volume  for  volume,  as  when  it  is  cooled  naturally  in  mass. 
There  are  two  methods,  essentially  alike,  by  which  this  grarm- 
lation  is  accomplished,  the  second  method  being  rather  an 
improvement  of  the  first,  or  simpler  one.  This  simpler  method 
is  that  used  at  many  hlastfuniaces,  where  the  molten  slajr  is 
run  directly  into  a  tank,  or  "brick  or  concrete  pit,  partly  filled 
with  water,  in  which  the  disintegration  of  the  slag  is  acco，"- 
plislied  bv  simple  contact  with  water.  This  product  contains 
manv  \vA\t^  fluffy  particles  in  addition  to  those  of  finer  and 
denser  cliaract^r,  and  much  of  it  is  as  coarse  as  popped  corn, 
■whidi,  when  the  colour  is  lis^ht  enough,  it  rather  resembles. 
Owing  to  its  e:reat  porosity,  much  of  it  floats  until  it  heconies 
cold  and  saturated  with  water  and  only  the  denser  particles 
settle  at  once  to  the  bottom  of  the  tank. 

*  Abstract  of  paper  read  before  the  Engineers'  Society  of  Western  Pennsvl- 
vaniiL. 


The  second  iiiolhod,  sometimes  called  "  gun  granulation," 
m;iy  he  brielly  described  a»  follows  :  The  "ml"'"  sl;i*(  is 
(leliverod  from  the  furnace,  f'Im)ugh  1  lio  ordinary  1  roii^'li  or 
luiiiier,  to  ii  concrete  ])it,  at  the  edge  of  which  the  "ougli  takes 
t lie  form  of  a  large  nozzle,  (Hied  wil li  an  annular  riii<^%  from 
which  issues  water  in  the  Form  of  spray  delivered  through  a 
pipe  under  pressure  of  from  3()lbs.  to  4011)8.  per  square 
iiirh.  This  causes  (lisiiiiet^ral ion  ami  partial  cooling  of  the 
sla<^,  which  operat  ions  are  fui't  her  accomplished  hy  t  he  water 
which  partly  fills  the  pit,  and  hy  the  force  of  the  impact,  witli 
which  tho  slag  is  thus  driven  against  the  opposite  wall  of  the 
]>it .  This  product  is  coiisiderahly  more  dense  and  heavy  t  han 
that  of  the  method  described  above  and  has  been  used  to  some 
extent  as  a  substitute  for  sand  in  concrete  work.  A  modifica- 
tion of  this  method  is  the  introduction  of  a  jet  of  air  or  steam 
under  high  pressure,  and  the  use  of  little  or  no  water.  By 
further  modifying  the  apparatus  a  substance,  very  much  like 
commercial  mineral  wool,  has  also  been  produced  experi- 
mentally. 

Notwithstanding  considerable  variation  in  l)(>t  li  the 
chemistry  and  the  physical  properties  of  blastfurnace  slag, 
there  is  a  fair  degree  of  uiiifoniiity  in  this  material.  The 
difTerences  which  exist  are  due  partly  to  the  variation  in 
cheniical  composition,  but  probaWy  equally  to  physical  causes 
or  methods  of  operation  and  treatment.  Generally  speaking, 
calcium  and  magnesia  together  form  approximately  50  per 
cent.,  while  silica  and  alumina  make  up  most  of  the  remainder 
of  the  slag.  Typical  analyses  of  blastfurnace  slags  from  lake 
ores  under  hot-blast  practice,  are  as  follows  ： ― 

By  Camphcll.  -了   By  Carnegie' Steel'^Company. 
Per  cent.  Per  cent.  Per  cent. 


Silica   35-55  35  00  35-22 

Alumina   12*05  15-00  13-68 

Calcium   40-52  44*60  43*00 

Magnesia                8*86  2'60  5*74 

Iron  oxide             0'68  0-50  0*49 

Sulphur                 1-66  1'60  1'61 


There  are,  of  course,  due  to  variations  in  the  fluxes  and 
ores,  rather  extreme  variations  in  analysis,  but  generally  we 
are  not  interested  in  them  in  considering  the  slag-  problem 
from  a  utilisation  point  of  view. 

In  this  connection  it  may  be  wise  to  refer  to  the  question 
which  has  been  raised  by  some  engineers  and  others,  as  to  the 
effect  of  sulphiu*  or  other  elements,  such  as  magnesia,  in  slag, 
which  might,  prove  injurious  to  reinforcing^  metals  placed  in 
si  a  2^  concrete  or  which  would  produce  injury  through  chemical 
action  as  by  expansion.  We  may  say  that  practically  all 
blast  furnace  slags  are  decidedly  basic  in  character,  there  beiiiir 
almost  always  present  some  excess  of  free  lime,  and  tlie  small 
amounts  of  sulphur  which  occur,  the  chemists  say,  are  present 
as  sulphides  only,  and  are,  therefore,  harmless  to  metal.  As  a 
practical  matter,  there  are  numerous  instances  on  record 
where  anchor  bolts  and  other  forms  of  iron  or  steel,  embedded 
for  reinforcing  or  other  purposes  in  slag  concrete,  have  been 
removed  after  several  years  and  found  to  be  in  perfect  con- 
dition, no  corroding  or  other  injurious  influence  havinsf 
affected  them . 

Perhaps  the  most  extensive  use  of  commercial  hard  slag 
to-day  is  in  road  improvement  work  in  which  it  has  e:iven 
most  satisfactory  results.  This  is  so  whether  in  plain  water 
bound  macadam  or  in  combination  with  tars,  asphaltes,  or 
other  special  binders.  As  an  aggregate  in  concrete  for  all 
o-eneral  purposes,  slag  has  been  most  tliorouprhly  tested  and  is 
far  bevond  the  experimental  stages.  It  has  gone  into  all 
kinds  of  buildings,  walls,  bridge  work,  light  reinforced  struc- 
tures, as  fence  posts  and  telegraph  poles,  floors,  roof  slabs, 
and  in  fact  into  practically  everything  for  which  concrete  of 
any  kind  is  suitable.  In  not  a  few  classes  of  construction  it  is 
especially  well  adapted  because  of  its  relative  lightness,  good 
l)ondino-  qualities,  and  perfect  fire-resisting  nature. 

All  avcrao^e  commercial  blastfurnace  sla.o;  has  a  specific 
gravity  of  about  2-62  ；  limestone  aver;ie:es  2*Q0  ；  granite,  2'68  ； 
？ uid  trap  rock,  2'96.  Slag  is  of  a  greyish  colour,  brenks  with 
decided  angularity,  is  sornewliat  porous,  and  weighs  cotti- 
nieroiallv  approximately  2,00011)s.  per  cubic  yard.  Of  these 
qualities,  perh^nps  the  most  important,  or  at  least  the  most 
cons])icTJous,  is  its  porosity,  wliioh  may  be  more  properly  char- 
acterised as  a  cellular  construction.  This  accounts  for  its 
relative  light  weight,  both  in  the  natural  fragment  and  in 
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combination,  as,  for  instance,  in  concrete.  The  weight  of  some 
of  the  forms  of  blastfurnace  slag  is  as  follows  :  Crushed  and 
sized  bank  slag,  as  ordinarily  produced  and  shipped,  weighs 
l,900lbs.  to  2,1001bs.  per  cubic  yard,  probably  2,0001bs.  is 
very  near  the  average.  Granulated  slag  varies  greatly,  pro- 
bably from  as  low  as  SOOlbs.  to  OOOlbs.  to  as  high  as  l，5001bs. 
to  l，6001bs.  with  an  average  of  1, SOOlbs.,  both  fineness  and 
moisture  great Iv  affecting"  the  weight. 


HEAT-TREATED  STEEL 

BY    L  AAV  FORD   H.  FKY. 

Heat  treatment  is  "uich  like  strong  】iiedicine.  Applied  by  a 
skilled  doctor  under  proper  conditions  it  gives  excellent 
results,  but  in  unskilled  hands  the  consequences  are  disastrous. 
In  fact,  after  reviewing  some  of  the  early  unhappy  examples 
of  heat  treatment  one  might  well  borrow  Madame  Roland's 
phrase  regarding  liberty,  and  exclaim,  "  How  many  crimes 
have  been  committed  in  thy  name  ！''  Though  mistakes  have 
been  made  in  the  past  it  is  undoubtedly  true  that  the  net 
balance  is  on  the  credit  side,  and  that  the  field  for  the  use  of 
properly  treated  material  is  bound  to  extend. 

Our  aim  here  is  to  discuss  the  proper  production  and  the 
proper  use  of  heat-treated  material  for  railway  service.  The 
most  important  phases  of  the  subject  are  brought  out  in  the 
followino;  four  questions  and  answers,  and  the  facts  on  which 
the  answers  are  based  are  examined  later  in  detail. 

Q.  1. ― What  advantages  has  heat-treated  material  over 
untreated  material,  and  when  should  treated  material  be 
chosen  ？ 

A. ― Heat  treatment  gives  to  steel  a  high  elastic  limit  and 
high  tensile  strength  combined  with  good  ductility.  As  a 
consequence  greater  strength  with  the  same  weight  and  dimen- 
sions, or  less  weight  with  the  same  strength,  can  be  obtained. 
The  treated  material  should  be  chosen  when  these  advantages 
outweigh  the  higher  cost. 

Q.  2.— How  are  the  above  qualities  obtained  ？ 

A. 一 By  heating  the  material  to  the  proper  temperature, 
quenching  it  in  oil  or  water  to  confer  great  strength  and  hard- 
ness, and  reheating  to  a  lower  temperature  to  remove  some  of 
the  hardness  and  restore  ductility. 

Q.  3. —— What  is  necessary  for  the  production  of  satisfactory 
heat-treated  material  ？ 

A. ― Sound  and  carefully  selected  steel,  knowledge  of  the 
proper  temperatures  to  use,  furnaces  and  apparatus  for 
accurately  obtaining  and  measuring  these  temperatures,  and 
a  proper  installation  for  quenching. 

Q.  4. ― What  precautions  are  necessary  in  repair  work  on 
heat-treated  material  ？ 

A. —— Any  bending  or  straightening  must  not  be  done  cold, 
but  at  a  temperature  of  between  900。  and  1,000°  Fah.  No 
higher  temperature  must  be  used,  or  the  special  properties 
given  by  the  treatment  will  disappear.  Retreatment  should 
never  be  attempted  except  where  heat  treatment  is  usually 
done  and  where  apparatus  and  experience  are  available. 

So  far  we  have  spoken  of  heat-treated  steel  without 
specifying  forged  or  cast  steel.  While  some  heat-treated  cast- 
ings are  used,  heat-treated  forgings  are  m ore  important  in 
railway  work,  and  in  what  follows  attention  will  be  directed 
to  tlicm  ；  the  greater  part  of  what  is  said  about  heat  treat- 
ment, however,  will  apply  to  castings  as  well  as  to  forgings. 

The  quality  of  any  forging  and  its  suitability  for  service 
depend  on  two  things ― first,  on  the  chemical  composition  of 
the  steel,  and  second,  on  the  physical  structure  of  the  steel 
as  determined  by  the  working  and  heating  it  has  undergone. 
Tlie  chemical  composition  is  fixed  at  the  time  the  ingot  is 
poured,  but  the  physical  structure  as  disclosed  by  the  micro- 
scope is  varied  by  every  operation  of  heating  or  working.  In 
the  ingot  the  structure  is  large  £^rainecl  and  open,  correspond- 
ing to  a  moderate  hardness  and  low  ductility.  As  the  ingot 
is  reduced  to  a  billet  by  rolliiic^,  the  grain  becomes  finer  and 
the  structure  more  compact,  the  exact  condition  depemliiig  on 
the  amount  of  work  done  on  the  steel  and  the  temperature 
at  which  it  is  done.  The  same  process  of  irnprovemeiit 
bv  rofinin^  the  grain  also  takes  place  when  the  billet  is  made 
into  a  for^in^.  Both  the  strength  and  the  ductility  of  the 
metal  are  increased,  and  it  is  in  much  "better  condition  to 
resist  stresses  and  shocks.  It  is  difficult,  however,  to  control 
the  temperature  at  which  the  forgings  are  finished,  and  irn- 
possible  to  have  the  temperature  at  which  they  leave  the 


haiiiiner  uniform  througliout.  As  a  consequence  the  structure 
of  the  steel  will  not  be  uniform,  and  the  unequal  cooling  may 
set  up  severe  shrinkage  strains.  To  eliminate  these  strains 
and  to  secure  a  uniformly  satisfactory  structure  it  is  desirable, 
in  the  case  of  forgings  for  railway  service  which  are  not  to  be 
heat  treated,  to  heat  them  to  a  temperature  which  will  refine 
the  grain  and  then  allow  them  to  cool  uniformly ― in  other 
words,  to  anneal  them.  The  consequences  of  the  annealing 
are  a  slight  loss  in  tensile  strength  and  a  considerable  gain  in 
ductility. 

In  the  heat-treated  forging  a  further  step  is  taken.  The 
qiieiicliii)g  refines  the  grain  still  further  and  establishes  a  new 
condition  in  the  structure,  conferring  on  the  steel  superior 
qualities  which  cannot  be  secured  otherwise.  Observed  from 
the  outside  the  steel  is  seen  to  be  heated  to  a  certain  tempe- 
rature and  then  quenched  in  oil  or  water.  This  makes  it  hard 
and  brittle  ；  too  hard  to  machine  and  too  brittle  to  stand 
shocks.  It  is  therefore  tempered  by  being  reheated  to  a  lower 
temperatiire  and  allowed  to  coo]  slowly.  This  reheating 
removes  somp  of  the  hardness  and  gives  ductility.  The  extent 
to  which  the  drawing  of  the  temper  is  carried  will  depend  on 
the  service  for  which  the  forging  is  intended  and  the  qualities 
desired.  Viewed  internally,  by  means  of  the  microscope,  it 
will  be  seen  that  the  quench  greatly  refines  the  structure  and 
introduces  another  modification  which  tends  to  disappear  on 
the  draw.  The  exact  reasons  for  these  changes  may  be  left  to 
the  metallurgists.  The  facts  of  practical  importance  are  that 
as  steel  is  heated  it  passes  through  a  certain  critical  range  of 
temperature  in  which  its  structure  changes  tq  a  form  which,  if 
preserved  when  cold,  will  produce  a  very  hard  material.  Slow 
cooling  allows  this  structure  to  disappear,  but  by  rapid  cool- 
ing, such  as  quenching,  some  of  this  hardening  structure  can 
be  retained.  The  more  rapid  the  quenching,  the  more  nearly 
is  the  hardening  structure  retained  and  the  harder  will  be  the 
steel.  As  the  steel  is  reheated  after  quenching  the  hardening 
structure  gradually  disappears,  and  by  stopping  the  reheating 
at  the  proper  point  any  desired  degree  of  hardness  below  that 
given  by  the  quench  can  be  obtained.  If  the  reheating  is 
carried  to  the  critical  temperature  all  of  the  hardening  struc- 
ture will  have  disappeared,  to  reappear  after  the  critical 
temperature  has  been  passed.  The  steel  will  now  be  in  the 
same  condition  as  before  quenching,  and  will  be  soft  if  cooled 
slowly  (annealed)  or  hard  if  again  quenched. 

One  of  the  problems  of  lieat  treatment  is  to  determine  the 
location  of  this  critical  temperature,  and  to  decide  on  the 
margin  above  it  to  which  the  steel  should  be  heated  before 
quenching.  A  certain  margin  is  necessary  to  secure  satis- 
factory results  in  practice,  but  if  this  margin  is  exceeded  the 
grain  will  be  coarsened.  It  is  impossible  to  give  general  rules 
for  quenching  temperatures,  because  so  much  depends  on  the 
composition  of  the  steel,  the  design  and  dimensions  of  the 
forgin^j,  and  on  the  conditions  of  the  quenching.  Under  the 
coTuHtions  described  below,  a  temperature  of  1,475°  Fah.  in 
the  furnace  before  quenching  will  give  satisfactory  results  with 
a  locomotive  driving  axle  of  steel  containing  0'40  per  cent, 
carbon,  but  a  different  temperature  would  be  required  if  the 
carbon  content  be  changed  or  if  alloy  instead  of  carbon  steel 
be  used. 

The  standard  for2;iii^  specifications  of  the  American 
Society  for  Testing  Materials  will  serve  to  compare  the  pro- 
nei  ties  of  heat-treated  with  those  of  annealed  forgings. 
Takinc:,  for  example,  a  locomotive  clriviiij^  axle  about  llin. 
diani..  tho  Tnirnmnm  tensile  properties  required  for  carbon  and 
^dloy  steel  are  as  follows  : ― 


Material. 

Elastic 
Tjimit. 

I 山 s;.  IK'l- 

fuinave  inch. 

Tensile 

Lbf^.  per 
square  inch. 

Elongation 
in  2in., 
per  cent. 

Redu-^tion 
of  Area, 
per  cent. 

40,000 

80,000 

21.6 

33.0 

Carbon  ―  quonchod  and 

te m pored   

50,000 

85,000 

22-3 

42.3 

Alloy  ―  quenched  and 

tonipoix'd   

05,000 

90,000 

20.0 

50-0 

Generally  speaking,  the  allowable  working  fibre  stress  is 
determined  by  the  elastic  limit,  so  that  in  the  carbon  steel 
the  quenched  and  tempered  material  is  25  per  cent,  stronger 
than  the  annealed  material.*    By  substituting  heat-treated 

*  This  IK  a  conservative  statement,  as  the  figures  given  for  the  annealed  forg- 
in^s  ； in'  for  \  irl<l  point,  and  not  for  elastic  limit  ；  while  for  the  treated  material 
Ui  ■  cljisti I itriilj  is  given. 
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alloy  steel  tor  t  lie  annoaled  carhoii  t  lie  si  rcn^i  li  ran 

increased  over  ,「)（）  per  cent. 

As  has  been  pointed  out,  luuler  conditions  in  wliich  1  his 
increase  in  strengtli  is  worth  1  he  increased  cost,  the  t rented 
material  is  desirable.  As  an  instance  of  this  kind,  consideM* 
(he  valve  motion  and  reciprocating  parts  of  a  locomotive. 
Weight  liere  is  a  great  disad vantage,  and  at  1 1  u*  same  time 
the  use  of  high-grade  material  will  iiol  very  ^ really  (iITecl 
I. lie  total  cost  of  the  locomotive. 

In  producing  heat-treated  t'ori^ings,  the  first  problem  to 
be  encountered  is  the  selection  of  sound  steel.  This  is  u 
didk-ult  subject,  for  while  it  is  well  recognised  that  the  steel 
must  l)e  ol'  good  quality  it  is  not  easy  to  lay  down  hard-aiul- 
fasl  rules  for  its  selection.  One  large  cousum^^r  specifies  that 
t  he  carbon  segregat  ion  between  cent  re  and  out  side  sliall  nol; 
exceed  1*2  per  cent.,  but  this  requirement  has  not  yet  stood 
the  test  of  time.  For  our  purpose  it  will  therefore  be  assumed 
that  the  manufacturer,  by  the  best  use  of  his  judgment  and 
his  conscience,  will  choose  good  steel  and  forge  it  by  proper 
methods. 

In  the  process  of  quenching  and  tempering  two  points 
require  consideration  :  the  heating  and  the  quenching.  It  is 
essential  that  the  heating  be  done  uniformly  and  accurately. 
The  furnace  should  be  so  designed  that  at  no  point  will  the 
temperature  vary  more  than  10°  Fall,  to  15。  Fah.  from  thai 
desired,  and  should  be  equipped  with  sufficient  pyrometers  to 
enable  the  operator  to  be  certain  that  this  degree  of  accuracy 
is  being  obtained.  The  quenching  system  must  be  placed  so 
that  the  heated  material  can  be  transferred  to  it  from  the 
furnace  without  loss  of  time  or  temperature.  It  must  also  be 
arranged  so  as  to  extract  from  the  material  the  required 
amount  of  heat  at  the  desired  rate.  Here,  in  the  quenching 
system,  the  success  or  failure  of  the  treatment  will  be  deter- 
mined, and  it  is  here  that  experience  is  necessary. 

In  quenching,  the  balance  must  be  held  between  two  con- 
flicting requirements.  Rapidity  of  cooling  is  desirable  to 
retain  the  hardening  structure,  but  brings  with  it  severe 
shrinkage  strains,  which,  if  not  controlled,  may  destroy  the 
material.  To  illustrate  the  character  of  tlie  shrinkage  strains 
and  the  damage  they  may  cause,  a  locomotive-driving  axle 
will  be  considered.  On  entering  the  quenching  medium  the 
outer  surface  is  chilled  by  contact  witli  tlie  fluid  and  therefore 
tends  to  contract,  while  the  inner  pai't  of  the  axle,  not  having 
the  same  opportunity  for  cooling,  does  not  shrink  in  the  same 
proportion.  As  the  outer  surface  shrinks  it  has  to  adapt  itself 
to  the  enlarged  central  core,  and  in  so  doing"  must  be  stretched. 
If  the  cooling  of  the  surface  is  too  rapid,  or  if  there  is  any 
considerable  seam  or  flaw,  the  stretching  necessary  for  adjust- 
ment may  be  beyond  the  capacity  of  the  steel,  and  a  longi- 
tudinal crack  may  start  in  the  outside  surface.  If  the  cooling 
is  somewhat  less  rapid  the  outer  shell  will  adapt  itself  to  the 
hot  core  ；  then,  as  the  cooling  effect  penetrates,  a  shell  next 
to  the  surface  shell  cools  and  stretches,  and  this  action  is  con- 
tinued. It  will  be  seen  that,  as  the  end  of  the  cooling 
approaches  the  axle  consists  of  an  outer  cylinder  stretched, 
but  rigid,  enclosing'  a  central  core  whicli,  in  order  to  complete 
its  cooling,  has  to  undergo  a  shrinkage  tending  to  make  it 
occupy  less  space  than  that  held  for  it  by  the  cooled  cylinder. 
This  sets  up  a  very  considerable  st ress  at  the  centre  of  the  axle, 
and  if  the  cooling  is  allowed  to  complete  itself  too  rapidly  a 
radial  fracture  will  be  set  up  starting  from  the  centre  of  the 
axle. 

For  convenience  an  axle  has  been  considered,  but  a  similar 
condition  will  be  found  in  any  forging  having  any  considerable 
thickness.  In  a  bored  axle  the  shrinkage  strains  are  mucli 
less  than  in  a  solid  axle,  for  two  reasons  :  First,  the  quench- 
ing fluid  acts  both  inside  and  outside,  producing  more  uniform 
cooling  ；  second,  tlie  hollow  cylinder  is  a  less  rigid  form  and 
avoids  tlie  difficulty  of  the  final  cooling  of  tlie  central  core. 

So  far  we  have  considered  only  the  shrinkage  in  directions 
perpendicular  to  the  axis  of  the  axle,  but  a  very  similar 
action  takes  place  in  a  direction  parallel  to  the  axis.  A 
chilled,  rigid  cylinder  is  formed  enclosing  a  hotter  cylinder 
which  lias  still  to  complete  it's  shrinkage.  In  the  final  shrink- 
age if  too  rapidly  completed,  the  middle  part  of  the  core 
may  jnill  away  from  the  ends,  a  transverse  fissure  starting 
in  the  interior  of  the  axle  and  not  emerging  through  tlie  outer 
shell  until  some  shock  is  received  after  the  treatment  is  com- 
pleted. 

To  avoid  internal  lissures  it  is  desirable  not  to  let  the 


ioi'gini;'  cool  ； ill  I  lie  way  down  1  it  1  lie  1  ciiiperalure  oT  1  lio 
(liiem'liiiig  iiKMliuni,  hut  1  o  roiiiov (！  it  t  rorii  1  lie  tank  and  send 
it  back  to  the  furnace  for  drawing  tlie  tein per  while  t  lie  tem- 
perature of  the  interior  is  still  4 Oif  Kali,  or  500''  Fall. 
During  the  reheating  and  subsequent  cooling  the  sliriiikage 
strains  have  time  and  oppoH'iuiity  to  et|ualise. 

The  external  cracking  first  nieiitioned  is  less  likely  io 
occur  than  the  internal  cracking,  and  will  only  take  place  it" 
the  material  is  defective  or  if  the  q uencliing  medium  gives  too 
severe  a  shock  when  the  forging  i'j  first  dipped. 

Water,  heavy  oil,  a  mixture  of  oil  and  water,  and  many 
special  brands  of  quenching  oils  are  advocated  and  used  as 
quenching  iiuhUumis.  Water  has  the  advantage  of  conferring 
excellent  physical  properties  by  re^ison  of  the  rapid  cooling, 
but  for  the  same  reason  will  produce  dangerous  shrinkage 
strains  unless  the  cooling  is  very  carefully  timed.  Heavy  oil, 
such  as  cylinder  oil,  greatly  reduces  the  danger  from  cracking, 
but  quenches  more  slowly,  and  therefore  does  not  produce  such 
good  physical  properties  in  the  steel.  With  a  view  to  reducing 
tlio  danger  of  damage  by  water,  and  at  the  same  time  secur- 
ing better  results  than  can  be  obtained  with  heavy  oil,  various 
other  quenching  fluids  are  used.  Some  manufacturers  use  a 
mixture  of  oil  and  water  similar  to  a  drilling  compound,  while 
others  use  light  oils  of  different  grades.  The  light'  oils  intro- 
duce a  fire  risk,  but  this  need  not  be  serious  if  sufficient 
volume  of  oil  is  provided  and  steps  taken  to  prevent  its  tem- 
perature from  being  unduly  raised. 

The  writer  advocates  the  use  of  an  inexpensive  light 
jiiiiieral  oil  with  a  fire  point  of  about  390^  Fah.,  a  flash  point  of 
about  350°  Fall.,  and  gravity  about  29。  Baume.  There  should 
be  separate  quenching  and  storage  tanks,  the  latter  to  have 
ample  capacity  and  to  be  provided  with  cooling  coils.  The  oil 
should  be  pumped  from  the  storage  into  the  quenching  tank, 
and  delivered  into  the  latter  in  such  a  way  as  to  produce  a 
vigorous  and  positive  circulation  about  the  object  to  be 
quenched.  A  system  of  this  kind  has  many  advantages,  one 
of  the  most  important  being  that  since  the  circulation  of  the 
oil  is  controlled  by  the  pump,  the  rate  of  circulation  can  be 
varied,  and  the  rate  of  cooling  thus  adapted  to  suit  the  needs 
of  almost  any  case.  Experience  will  show  the  rate  of  cooling 
desirable  for  each  class  of  forging,  and  good  results  can  be 
obtained  with  small  risk  of  cracking.  To  be  on  the  safe  side 
and  to  avoid  any  possible  trouble  with  internal  cracks  it  is 
considered  good  practice  to  apply  a  proof  test  to  every  heat- 
treated  forging.  This  usually  takes  the  form  of  a  drop  test 
sufficient  to  eliminate  any  defective,  hut  not  sufficient  to 
injure  any  sound  forging. 

With  a  quenching  system  as  described,  with  care  in  its 
use  and  in  the  selection  of  the  steel,  and  with  a  proof  test 
on  each  forging  after  treatment,  manufacturer  and  consumer 
can  rely  on  the  product  being  uniform  and  satisfactory. 

It  is  undesirable  to  attempt  to  bend  or  to  straighten 
heat-treated  material  cold,  as  tins  will  set  up  cold-work 
strains.  At  the  same  time  it  is  obvious  that  if  the  tempera- 
ture be  carried  above  tliat  at  which  the  Tnaterial  was  drawn, 
the  strength  conferred  by  the  treatment  will  be  lost.  It  must 
always  be  remembered  that  heat-treated  material  possesses 
its  good  qualities  because  it  has  been  heated  to  certain  tem- 
peratures in  a  certain  way,  and  that  if  heated  again  to  these 
teriiperatures  the  quality  will  be  affected.  It  should  be  obvious 
from  what  has  been  said  that  material  cannot  be  retreated  at 
a  repair  point  unless  full  equipment  and  experience  are  avail- 
able.― " Railway  Mechanical  Engineer." 


Mansion  House  Engineering  Meeting.  ―  In  view  of  the 
national  proniineiK-e  of  tlie  engineering  industrv,  the  Lord 
Mayor  of  London  is  convening  a  public  meeting  at  the  Mansion 
House,  at  3  p.m.  ou  Wednesday,  September  20th,  to  discuss 
future  trade  policy  with  special  reference  to  the  economic 
utilisation  of  the  engineering  works  of  tlie  nation  wliich  have 
been  so  largely  expanded  in  capacity  and  equipment-  during 
the  past  two  years.  Tlie  organisation  of  the  meeting  is  being 
undertaken  by  the  British  Electrical  and  Allied  Manufac- 
turers' Asso;;iaiion,  with  the  support  of  the  British  Engineers' 
Association,  the  British  Empire  Producers'  Organisation,  and 
the  Engineering  and  Electrical  Sections  of  the  London  Cham- 
ber of  Commerce.  Applications  for  tickets  of  admission 
should  be  sent  to  Mr.  T.  C.  Elder,  organising  secretary  for 
the  meeting,  B.E.A.M.A.  Offices,  36,  King  swav,  London, 
W.C.，  or  to  the  secretaries  of  any  of  the  above  organisations. 
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LAPS  AND  LAPPING. 

In  a  paper  on  the  above  subject  presented  before  the  Ameri- 
can Society  of  Mechanical  Engineers  by  W.  A.  Knight  and 
A.  A.  Case,  the  following  conclusions  were  arrived  at : ― 

(1 )  The  initial  rate  of  cutting  is  not  greatly  different  for 
the  (liiTerent  abrasives. 

(2)  Carborundum  maintains  its  rate  better  tlian  either  of 
the  others,  aliuuhun  next,  and  enierv  tlie  least. 

(3)  Carboruiulum  wears  the  lap  about  twice  as  fast,  and 
alund um  1 丄 times  as  fast  as  emery. 

(4)  There  is  no  advantage  in  using  an  abrasive  coarser 
than  No.  150. 

(5)  The  rate  of  cutting  is  practically  proportional  to  the 
pressure. 

(6)  The  wear  of  the  laps  is  in  the  following  proportions  ： 
Cast  iron,  1*00  ；  steel,  1.27;  copper,  2*62. 

(7)  In  general,  copper  and  steel  cut  faster  than  cast  iron, 
but  where  permanence  of  form  is  a  consideration,  cast  iron  is 
the  superior  metal. 

(8)  Gasoline  and  kerosene  are  the  best  lubricants  to  use 
with  cast-iron  lap  ；  kerosene,  on  account  of  its  non-evapo- 
rative qualities,  being  first  choice. 

(9)  Machine  and  larcl.  oil  are  the  best  lubricants  to  use 
with  a  copper  or  steel  lap.  They  are  least  effective  on  the 
cast  lap. 

(10)  For  all  laps  and  all  abrasives  (of  those  tested)  the 
cutting  is  faster  with  lard  oil  than  with  macliiue  oil. 

(11)  Alcohol  shows  no  particular  merit  as  a  lapping 
lubricant. 

(12)  Turpentine  does  fairly  good  work  with  carborundum, 
but  in  general  is  not  as  good  as  kerosene  or  gasoline. 

(13)  Soda  water  compares  favourably  with  other  luhri- 
cants.  Taken  as  a  whole,  it  is  slightly  better  than  alcohol 
and  turpentine. 

(14)  Wet  lapping  is  from  12  to  6  times  as  fast  as  dry 
lapping,  depending  on  material  of  the  lap  and  the  manner 
of  charging. 


NEW  PATENTS. 

Specifications  of  the  foUoving  are  now  puhlished,  and  we  shall 
he  pleased  to  forward  copies  post  free  on  rrrript  of  8d.  Address 
Mechanical  Eiiginerr,^^  5S,  New  Bailfi/  Sfrfrf,  Mn nchr.it pr, 

MECHANICAL.  1915. 

Friction  clutches.    Walker,  and  Smith  &  Coventry,  Ltd.  11400. 
Centrifugal  fans  and  pumps.    Davidson.  119f>.j. 
Valves.    Morris.  12056. 
Wrenches.    Haas.  12135. 

Automatic  traps  for  draining    oil    separators^    condensers.  &c. 

Baker,  and  Bakers  (Leeds),  Ltd.  ]2349. 
Method  of  operation  for  internal-combustion  engijies.  Dunianois. 

12821. 

Devices  for  controlling  the  furnaces  of  low-pressure  steam  boilers. 

Mellersh  Jackson.  13248. 
Rotary,  pi.stoii  internal-combustion  engine.    Wlieatley.  13677. 
Internal-combustion  engines.    Samain.  17724. 
AVrench.    Holmes.  17821. 

1916. 

A  i  r  com  pressors.     ！? eavcll,  W.，  mn]  Joiios,  E.  W.  845. 
Means  for  supplying  air  to  furnaces.    Urow  n,  W.  H.  2o29. 
Pistons.    Chedni",  (；.  E.  3045. 

Measuring  indicators  or  gauges.     Hart,  A.,  ami  Almfclt.  K.  J. 
4012. 

AVator-tiibc  lmil("'s.    Noble,  E.  E.  4005. 

Spaiinors.    Allen  i^*  Hanl)iirys_,  Ltd.,  and  King,  P.S.  5954. 

Pip*'  w  renchos.    King,  H.  0477. 

Automatic  clutch  releases.     Hrettell,  F.  O.  10744. 


ELECTRICAL.  1914. 

Regulating  means  for   electrical  installations. 


Soc.    Anon,  des 


Etablissomonts  L.  Bleriot.  2807.'； 


1915. 

Electric  supply  systems  for  use  with  i iitornal  combustion  motors. 
:M:u'ks.  12000. 

Electric  distribution  systems.     Franipton.  and  C'jilloiulcr's  Cable 

and  Construction  Company.    It^l D-'i. 
Controllers  for  oloctrioally-driven  vehicles.    Tu vuor.  L5304. 
AViroloss  telograpli.v.   Marconi's  Wireless  Telegraph  Company,  ami 

Electric  startors  for  internal  ronibiist ion  onginos.    Brooks  &  Holt. 
17008. 


1916. 

Rooondary  or  storage  batteries.    Wade,  H.  2{)8o. 

Means  for  regulating  the  voltage  of  a  direct-on rrent  dviiamo. 

Solmeider,  E.    3114.  ' 
Sparking  plugs.    Guinness,  K.  K.  L.  GG0;3. 

Electric  furnaces  of  the  electrode  tvpe.     Kitchen,   H.  J".:  and 
Balmforth  &  Co.，  T.    8533.  ' 


METAL  QUOTATIONS. 

TUESDAY,  SEPTEMBER  12th. 

Aluminium  ingot    ―  per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  ，， 

,,        sheets       ,,   ,,  ―  ,， 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   l/3g  per  lb. 

，，    tubes  (brazed)    1/5}  " 

，，       ，， (solid  drawn)    1/3^  " 

，，        " wire    1/2  J  " 

Copper,  Standard    £111/10/-  per  ton. 

Iron,  Cleveland    87/6  ，， 

，， Scotch   ―  " 

Lead,  English   £31/15/-  ,, 

,, Foreign  (soft)   £29/15/- ，， 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

，，  "       "         medium    3/6  to  C/-  " 

，，  ，，       ，，         large    7/G  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    32fird.  per  oz. 

Spelter  (American)   £45/-/-  per  ton. 

Tin,  block    £1()9/10/-  per  ton. 

Tin  plates,  I.C   32/-  per  box. 

Zinc  sheets    £72  per  ton. 


Acoustic  Properties  of  Buildings. ―  When  the  large  audi- 
torium at  the  University  of  Illinois  was  built  in  1908  it  proved 
to  be  unsatisfactory  in  its  acoustical  properties.  Audiences 
found  it  difficult  to  hear  speakers  owing  to  marked  reverbera- 
tion and  echoes.  Dr.  F.  R.  Watson,  of  the  Physics  Depart- 
ment, and  James  M.  White,  Supervising  Architect,  undertook 
to  correct  this  fault  by  conducting  a  systematic  investigation 
involving  a  long  series  of  experiments.  "  Bundles  "  of  sound 
were  projected  in  different  directions  and  the  paths  of  these 
were  carefully  traced.  Various  instruments,  such  as  a  ticking 
watch,  a  hissing  arch  lamp,  and  megaphones,  were  eni ployed 
and  curtains  and  draperies  were  hung  at  critical  points  sug- 
gested by  the  diagnosis.  Certain  of  the  walls  were  then 
covered  with  haiifelt  iiiountecl  on  thin  furring  strips,  with  the 
result  that  at  present  a  speaker  with  a  moderate  voice  may  be 
heard  distinctly  by  auditors  in  the  most,  distant  seats  of  the 
large  building.  The  investigations  are  described  in  detail  in 
an  illustrated  booklet  issued  by  the  Engineering  Experiment 
Station  as  Bulletin  No.  87.  Copies  may  be  had  l)y  addressing 
W.  F.  M.  Goss,  Director,  Urbana,  Illinois. 

Electricity  Supply.  ^ A  conference  has  taken  place  between 
the  Electricity  Supply  Committee  of  the  Institution  of  Elec- 
trical Engineers,  the  Joint  Committee  of  the  Incorporated 
Municipal  Engineers'  Association,  and  the  Incorporated  Asso- 
ciation of  Electric  Power  Companies  regarding  co-operation 
between  the  committees.  These  committees  are  constituted 
as  follows  ：  The  I. E  E.  Committee  ：  Messrs.  R.  A.  Chattock' 
(chairman),  C.  P.  Sparks  (president,  I.E.E.)，  C.  H.  Merz,  S.  L. 
Pearce,  G.  W.  Partridge,  T.  Roles,  W.  B.  Woodhouse.  Joint 
Committee  of  the  I.M.E.A.  and  I.A.E.P.C.  :  As  representing 
the  Incorporated  Municipal  Engineers'  Association  :  Messrs. 
J.  II.  Bowden,  R.  A.  Chattock,  W.  W.  Lackie,  S.  L.  Pearce, 
H.  Faraday  Proctor  (ex-officio),  T.  Roles  ；  as  representing  the 
Incorporated  Association  of  Electric  Power  Companies : 
Messrs.  W.  A.  Cliamen  (chairman),  J.  S.  Highfield,  C.  H. 
Merz,  D.  A.  Starr,  A  de  Turckheirn  (ex-officio),  W.  B.  Wood- 
house. In  order  to  avoid  overlapping  and  to  ensure  co-opera- 
tion and  co-ordination,  two  members  common  to  both  com- 
mittees have  been  delegated  as  intermediaries,  so  that  the 
two  committees  will  be  in  continuous  touch  with  each  other's 
work.  It  has  been  agreed  that  the  I.E.E.  Committee  shall 
devote  its  attention  to  the  question  of  electricity  supply  from 
1  lie  point  of  view  of  the  requirements  of  the  country  as  a 
whole,  and  shall  deal  witli  the  engineering  aspect  of  the 
matter,  wliile  the  Joint  Committee  will  go  into  more  imme- 
diate questions  of  organisation  and  linking  up  of  existing 
undertakings,  &c. 
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The  Rise  and  Decline  of  the  Bessemer  Process. 

A  RECENT  issue  of  (The  Iron  Age  "  gives  an  interesting 
review  of  the  phases  which  have  marked  the  career  of  the 
Bessemer  process  of  steel  manufacture  in  Great  Britain  and 
tlie  United  States,  its  phenomenal  growth  at  the  commence- 
ment, and  the  steady  decline  that  has  marked  the  output  in 
comparison  with  other  processes  during  recent  years.  Invented 
ill  1856,  it  was  not  till  some  years  afterwards  that  its  merits 
v  ere  realised,  and  it  was  but  natural  that  Great  Britain  as 
the  home  of  the  invention,  and  the  possessor  of  large  deposits 
of  pure  ore  suitable  for  the  acid  process,  should  first  show  its 
revolutionary  effects  on  steel  output.  Between  1860  and  1870 
rapid  progress  was  made  both  here  and  abroad,  but  at  the 
latter  date  this  country  stood  easily  first  in  the  list  of  steel 
producers,  and  its  decline  from  this  position  was  largely  owing 
to  the  exhaustion  of  the  hematite  mines  of  Cumberland  and 
Lancashire  which  produced  a  pig  iron  containing  only  about 
0  04-  per  cent,  of  phosphorus.  Half-a-century  ago  there  was 
110  special  demand  for  pure  ore,  and  the  output  of  the  district 
was  limited.  With  the  advent  of  Bessemer  steel,  however, 
tliese  deposits  became  very  important,  and  it  was  shipped 
extensively  not  only  to  tlie  continent,  but  also  to  the  United 
States.  Tn  18(30，  the  output  was  rather  less  than  one  】nillion 
tons.  By  1870  it  had  grown  to  over  two  millions,  and  in  the 
next  decade  to  over  tliree  millions,  the  "mxiim 通  being 
reached  in  1882  with  3,136,000  tons.  After  this  the  output 
steadily  decreased  owing  to  ilie  exhaustion  of  the  mines,  and 
to-(iay  is  only  about  half  what,  it  was  35  years  ago.  The  loss  of 
this  natural  advantage  was  to  some  extent  compensated  by  the 
impoiiatioii  of  tlie  deposits  of  pure  Spanish  ore  from  the 
neit^lihourhood  of  Bilbao.  Prior  to  18G0  no  foreign  ore  was 
iin])oried,  ami  in  1870  the  amount  was  only  400,000  tons, 
wliich  accounted  for  less  than  4  per  cent,  of  the  total  amount 
of  pig  iron  produced  at  that  time.    Since  then,  however,  these 
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imports  have  steadily  increased.      In  1913  they  amounted  to 
close  on  7i  million  tons,  and  accounted  for  no  less  than  38  per 
cent,  of  all  the  pig  iron  produced.   Thus,  while  in  1870  imported 
ores  only  accounted  for  15  per  cent,  of  the  Bessemer  pig  iron 
produced  in  G  real  Britain  the  proportion  in  1882  had  grown 
to  50  per  cent.,  and  in  1913  had  reached  to  as  much  as  76  per 
cent.    Though  Bessemer  steel-making  in  the  United  States 
made  some  progress  in  the  early  years  of  its  development  it 
was  not  till  the  eighties  that  the  latter  country  dispjayed  its 
latent  possibilities,  and  by  its  improved  transport  facilities  on 
the  Lakes  enabled  the  Pennsylvania  Steel  Works  to  tap  the 
vast  iron  deposits  of  Michigan.    Since  then  the  American  steel 
output  has  marched  with  giant  strides  which  do  not  yet  sliow 
signs  of  diminishing,  and  some  idea  of  which  may  be  gathered 
from  the  fact  that  in  1913  the  output  of  Lake  Superior  ores 
was  no  less  than  50  million  tons,  an  amount  which  would  make 
more  pig  iron  than  all  the  ores  mined  in  Great  Britain,  Ger- 
many, France,  Austria,  and  Belgium  put  together.    Side  by 
side,  however,  with  this  enormous  expansion  in  total  output  of 
ore  ill   the  States  is   the  fact  that  the  proportion  of  acid 
Bessemer  steel  has  of  late  years  been  sliowing  a  steady  decline 
in  favour  of  other  processes,  notably  the  basic  open-hearth. 
In  Great  Britain  the  inaxinium  was  reached  in  1890.  The 
decline  since  then  has  been  continuous,  and  in  the  last  few 
years  has  been  especially  notable.    On  the  other  hand,  the 
proportion  of  Bessemer  steel  increased  up  to  1896，  since  when 
there  has  been  a  tendency  more  and  more  pronounced  for  the 
open-hearth  to  push  the  converter  more  and  more  into  the 
background,  and  from  a  consideration  of  the  figures  there  can 
be  little  doubt  that  Bessemer  steel,  as  compared  with  open- 
hearth  for  constructional  purposes,  has  lost  its  supremacy. 
Taking  two  five-year  periods,  1903-7  and  1909-13，  and  leaving 
out  1908  and  1914  as  abnormal,  it  appears  that  while  the 
total  steel  output  of  the  United   States   during   these  two 
intervals  has  increased  43  per  cent.,  the  production  of  Bessemer 
has  on  the  other  hand  decreased  9  per  cent.    A  glance  at  a 
table  of  the  percentage  production  of  Bessemer  for  each  year 
since  1901  shows  the  decline  to  have  been  continuous  since 
] 901.    In  that  year  it  constituted  65  per  cent,  of  the  total, 
and  without  a  break  this  proportion  has  dropped  till  in  1914 
it  was  as  low  as  26  per  cent.   While  it  cannot  be  said  that  the 
death-knell  of  Bessemer  steel  has  been  sounded,  it  is  a  clear 
indication  of  its  lesser  relative    importance.      There  must 
always  remain  fields  of  usefulness  in  which  the  acid  converter, 
given  suitable  ores,  will,  owing  to  commercial  considerations, 
possess  a  superiority.      From  a  decline  in  relative  importance 
to  extinction   is  a  big  step.    Thirty  years  ago  it  was  the  firm 
belief  of  many  that  the  old  crucible  process  would  be  dis- 
placed by  tlie  open -hearth  fu  rnace,  but  its  relative  decline  as 
regards  output  has  been  quite  consistent  with  the  actual  out- 
put.   It  is  the  same  with  wrought  iron.    The  proportion  as  a 
percentage  gets  less  and  less,  but  there  still  remain  certain 
fields  in  which  its  special  properties  com niand  recognition  and 
from  which  steel  cannot  displace  it. 


AUTOMATIC  TRAP  FOR  DRAINING  OIL  SEPARATORS 
AND  CONDENSERS. 

The  acco!ii]^anying  illust  rations  show  a  design  of  automatic 
trap  or  discharger  for  draining  oil  separators,  condensers, 
turbine  casings,  exhaust  pipes,  or  other  receptacles  which  are 
continuously  under  vacuum  or  alternately  under  vacuum  and 
pressure,  the  invention  of  Messrs.  Bakers  (Leeds),  Ltd.,  Union 
Works,  Jlunslet,  Leeds. 

The  casing  of  the  apparat us  has  at  its  upper  end  the  liquid 
inlet  By  fitted  with  a  non-rei  urn  valve  C,  and  at  its  lower  end 
t  he  discharfre  outlet  I),  in  connection  with  which  is  fitted  a 
discharge  valve  E  and  a  non-return  valve  F.  The  valve  E 
comprises  a  hollow  cylind rical  sleeve,  provided  with  a.  fwries 
of  perforations  and  is  located  in  a  cylindrical  casing  having 
a  series  of  ports  corresponding  to  th^  openings  in  tlie  sleeve, 
so  that  when  the  valve  is  in  one  position  the  perforations  and 
】）orfs  will  coincide  to  allow  of  the  discharge  from  the  trap, 
whilst  in  the  other  position  the  ports  will  be  closed.  The 
sleeve  is  also  provided  at  one  end  with  a  chamber  K  having 


two  openings,  one  of  which  places  the  chamber  K  permanently 
in  coniniunicatioii  with  the  trap  through  the  pipe  M,  whilst 
the  other,  when  the  valve  is  closed  and  the  apparatus  is 
receiving  the  drainings,  places  the  chamber  K  in  communica- 
tion with  a  pipe  N，  which  leads  to  the  apparatus  being  drained, 
so  that  during  the  normal  working  of  the  apparatus  the  interior 
of  the  trap  and  the  interior  of  the  apparatus  being  drained 
are  in  communication  and  thus  in  equilibrium.  In  the 
chamber  K  there  is  also  formed  an  aperture  0，  which  is 
designed  to  co-operate  with  a  corresponding  perforation  in  the 
wall  of  the  chamber,  the  arrangement  being  such  that  when 
the  pipes  M，  N  are  in  open  communication  through  the 
cliamber  K  the  port  O  is  closed,  whilst  when  the  cylindrical 
valve  is  rotated  to  close  the  pipe  N，  the  port  O  will  be  opened 
to  admit  air  into  the  trap  through  the  pipe  M.  Tlie  operation 
of  the  valve  by  the  float  is  as  follows  :  Upon  a  shaft  Q  is 
fixed  an  arm  R，  the  free  end  of  which  is  connected  by  a  rod  S 
to  the  valve-operatiiig  arm  P.  Upon  the  shaft  is  also  fitted 
a  lever  T，  which  is  made  in  the  form  of  a  segment  of  a  disc, 
the  lever  b^ing  connected  by  a  rod  U  to  one  end  of  a  lever  V, 
tlie  other  end  of  which  is  pivoted  in  the  casing,  as  shown  ；  this 
lever  V  has  the  float  W  connected  to  it,  the  float,  having  a 
rod  at  its  lower  end,  working  in  a  guide,  for  keeping  it  steady, 
and  being  adapted,  as  it  rises,  to  move  the  lever  or  segment  T. 
Upon  one  side  of  this  segment  are  arranged  two  stops  X，  G， 
which  co-operate  with  the  arm  Y  of  a  weighted  tumbler  freely 
mounted  upon  the  shaft  Q,  and  upon  the  other  side  of  the 
segment  are  two  stops  Z，  H,  which  co-operate  with  the  arm  R 
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through  the  medium  of  which  motion  is  communicated  to  the 
valve  E. 

The  operation  of  the  apparatus  is  as  follows :  Assume  the 
parts  to  be  in  the  position  shown,  that  is  to  say,  in  the  posi- 
tion wherein  the  float  W  is  at  its  lowest  point  and  the  dis- 
charge valve  E  closed.  In  this  position  of  the  parts  the 
chamber  to  be  drained  and  the  interior  of  the  trap  are  in 
communication  through  the  j)ipe  N，  chamber  K，  and  pipe  M， 
so  that  the  liquid  is  free  to  enter  the  trap  through  the  inlet 
B.  As  the  level  of  the  liquid  in  the  trap  rises  and  lifts  the 
float  W，  tlie  movement  of  that  float  gradually  rotates  the  seg- 
ment T  and  raises  the  tumbler  arm  Y  until  the  latter  is  moved 
slightly  beyond  a  vertical  position  towards  the  discharge  side 
of  the  trap,  whereupon  the  tumbler,  owing  to  its  weight,  will 
fall  and  suddenly  move  the  segment  so  that  tlie  stop  Z  thereon 
impinges  against  the  arm  R  to  open  the  discharge  valve  E, 
with  the  result  that  the  perforations  therein  are  caused  to 
coincide  with  the  ports  in  the  valve  casing  and  that  the  trap  is 
cut  off  from  communication  with  the  vessel  to  be  drained 
through  the  pipe  N  and  opened  to  tlie  atmosphere  through  the 
port  O  whereby  the  liquid  from  the  trap  can  flow  out.  As 
the  trap  gradually  empties  the  weight  of  the  float  and  the 
connected  parts  moves  the  segment  T  so  that  the  stop  G  acts 
upon  the  tumbler  lever  Y  to  move  it  in  the  reverse  direction, 
that  is  to  say,  toward  the  inlet  side  of  tlie  trap,  and  directly 
the  tumbler  lever  lias  passed  the  vertical  position  it  drops  on 
to  the  stop  X  and  so  moves  the  segment  T  to  cause  the  stop  H 
to  impinge  against  the  underside  of  the  lever  R  to  lift  it  and 
dose  the  valve  E，  when  the  parts  are  again  in  the  normal 
position  for  work. 
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LIMIT  GAUGES* 

UY  1)U.  H.  T.  CLAZEIJUOOK.  IMl.S. 

{( \)Hiiud('<l  from  pdyc  JOo.) 
11.  Sen  tr  G'" '《'〃-、•- The  problem  of  llie  sLandarilisal  ion  of 
screw  limit  gauges  is  a  very  difficult  one  ；  a  screw  surface  is  a 
complex  fonn,  and  to  satisfy  oneself  that  in  all  its  dimensions 
it  lies  within  certain  limits  involves  iiuu'h  careful  work.  The 
question  is  fully  discussed  in  the  E.S.C.  Ileport  No.  38,  Febru- 
ary, iyi3，  on  British  Standard  Systems  tor  Limit  Gauges  for 
Screw  Thready,  and  the  following  definitions  are  taken  from 
the  report  ： ― 

Kffet'tive  diamettr, —— The  effective  diameter  of  a  screw 
having  a  single  thread  is  the  lengtli  of  a  line  drawn  through 
the  axis  and  at  right  angles  to  it,  measured  between  the  points 
where  the  line  cuts  the  slopes  of  the  thread  (Fig.  4). 

Core  diameter, ― The  core  diameter  is  twice  the  minimum 
radius  of  a  screw,  measured  at  right  angles  to  the  axis  (Fig.  4). 

/，〃〃  (Haineier. ― The  full  diameter  is  twice  the  niaxiinum 
radius  of  a  screw,  measured  at  right  angles  to  the  axis  (Fig.  4). 

Crest. ― The  crest  is  the  prominent  part  of  the  thread, 
wiietlier  of  the  male  screw  or  of  the  female  screw  (Fig.  5). 

Hoot, ― The  root  is  the  bottom  of  the  groove  of  the  thread, 
whether  of  the  male  screw  or  of  the  female  screw  (Fig.  5). 

Slope  of  thread, ― The  slope  of  thread  is  the  straight  part 
of  the  thread  which  connects  the  crests  and  roots  (Fig.  5). 

.1  nfflt  of  thread. ― The  angle  of  thread  is  the  angle  between 
the  slopes,  measured  in  the  axial  plane  (Fig.  5). 

Note. ― From  Fig,  4  it  will  be  seen  that  the  "  core  dia- 
meter" of  the  male  thread  is  measured  between  the  roots  of 
the  threads  ；  it  should  be  borne  in  mind,  however,  that  the 
"core  diameter  ' '  of  the  female  thread,  being  approximately 
the  same  dimension,  is  measured  between  the  crests  of  the 
thread. 

Pitch. ― The  pitch  is  the  distance  in  inches  measured  along 
a  line  parallel  to  the  axis  of  the  screw  between  the  point  where 
it  cuts  any  thread  of  the  screw  and  the  point  at  which  it  next 
meets  the  corresponding  part  of  the  same  thread  (Fig.  5).  The 
reciprocal  of  the  pitch  measures  the  】iiunber  of  turns  per  inch 
or  millimetre,  as  the  case  may  be. 

Ill  the  Whitworth  thread  standardised  by  tlie  committee 
there  are  seven  elements,  and  error  in  any  one  of  these  may  be 
sufficient  to  cause  a  gauge  to  reject  work  which  ought  to  pass, 
or  vice  versa.  These  elements  are  as  defined  already  :  Full  (or 
major)  diameter  ；  core  (or  minor)  diameter  ；  effective  (or  pitch) 
diameter  ；  pitcli  :  angle  ；  form  at  crest  ；  form  at  root.  Of  these 
the  most  important  and  the  most  difficult  to  control  are  the 
pitch  and  the  effective  diameter.  In  the  Whitworth  thread 
the  attempt  is  made  to  obtain  contact  over  the  whole  surface 
of  the  screw  ；  while  possibly  for  some  purposes  this  is  desir- 
able, it  adds  greatly  to  the  difficulties  of  both  construction  and 
gauging,  and  there  is  much  to  be  said  for  a  system  which 
allows  definite  clearances  at  crest  and  root.  Four  of  the  above 
seven  elements— the  two  first  and  the  two  last— then  become 
unimportant,  and  we  are  left  to  concentrate  on  the  effective 
diameter,  the  pitch,  and  the  angle  of  the  thread.  If  the  screw 
bears  along  its  slopes  it  is  doing  its  work  satisfactorily,  and  in 
most  cases  the  fact  that  there  is  clearance  at  crest  and  root  is 
immaterial.  Before  proceeding  further  it  is  important  to 
notice  that  errors  iu  pitch  and  effective  diameter  are  closely 
connected  (see  Fig.  6). 

Suppose  the  full  and  dotted  outline  to  represent  a  ring  and 
a  plug  screw  of  similar  form,  but  of  slightly  different  pitch. 
Let  the  maximum  relative  displacement  of  any  two  thready 
engaged  be  2a.  Then  the  extreme  threads  will  be  displaced 
axially  by  -f  a  and  -a  respectively.  A  glance  at  the  diagram 
siiows  that  in  this  case  the  parts  will  not  go  together  unless 
the  axial  displacement  is  accompanied  by  a  radial  displacement 
which,  allowing  for  the  angle  of  tlie  thread,  is  about  equal  to 
？".  This  is  doubled  on  tlie  diameter,  so  that  as  a  rough  rule 
it  may  be  taken  that  any  error  in  pitch  has  to  be  compensated 
by  an  error  of  twice  the  amount  in  effective  diameter.  Thus 
we  can  compensate  for  an  error  p  in  pitcli  on  a  thread  of  which 
t  inches  are  engaged  by  allowing  a  reduction  of  effective  dia- 
meter oi  2  p  t  in  the  plug,  or  an  increase  of  the  same  amount 

•  Paper  road  before  Section  O  of  the  British  Association,  at  Newcastle,  Sep- 
leiuocr,  ly  lo. 


ill  the  ring,  Some  reductions  iti  ilie  full  and  core  diarneterH 
are  also  requimJ,  but  in  con.setiueiHXi  oi'  Mk;  curvcH  aL  crewt 
ami  root  tlieso  uro  small,  and  iiood  only  rarely  Im;  taken  into 
consideraiioii.  Rechiciiig  tlic  ellect ive  diainct of  a  plug,  or 
increasing  that  of  a  ring  screw,  has  the  ollect  of  reducing  the 
t  hickness  of  the  corrt^spondiiig  thread  at  that  point  ；  tlie  thread 
is  made  thin.  Thus,  in  order  to  conijieiisate  pitcli  errors, 
makers  have  a  tendency  to  make  tlieir  screws  tliiti  ；  they  claim 
an  allowance  on  effective  diameter  which  makes  up  for  the 
error  tolerated  on  pitdi.  The  Engineering  Standards  Commit- 
tee, in  their  Keport  No.  38，  stated  that  they  have  had  two 
separate  matters  to  decide  upon  : - 

" (1)  To  lay  down  tolerances  on  full,  core,  and  effective 
diameters  to  cover  the  wear  of  tools  and  uiiavoi(lal)le  imperfec- 
tion of  workmanship,  and  to  prescribe  niiiiiinuin  allowances  in 
order  that  bolts  and  nuts  may  be  assembled  freely. 


FIG.  5 


FIG.  6 


0 

》 


0       a'    0  0 


Plan. 


"Not  go^ 

FIG.  7 


End  Elevation 
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FIG  8 

" (2)  To  decide  wliat  errors  in  pitch  could  be  permitted  iu 
ordinary  practice,  having  regard  to  the  allowances,  in  effec- 
tive diameter  which  they  entail." 

And  as  a  result  they  reconiineiid  a  series  of  tolerances  for 
the  two  threads  considered ― British  Standard  Whitwortii/and 
Ih'itish  Standard  Fine 一 given  by  tlie  following  formube  taken 
from  Report  No.  38  of  February,  1913. 

B.S.W.  Threads. 


HoH.  Tolerance 
on  full  diameter. 

2 

Bolt.  Tolerance 
on  core  diameter. 

3 

Allowance 
(on  the  nut). 

Nut.  Tolerance 
on  full  and  core 
diameters. 

in. 

-  0-0035  x/B 

in. 

-0-0045  VD 

+  0*00"l  y/t) 

+  0-0035  v^D 

(above  allowance) 

B.S.F.  Threads. 

5 

lioH.  Toleranct' 
on  full  diameter. 

6 

Bolt.  Tolerance 
on  core  diameter. 

7 

AUowauce 
(oil  the  nut). 

8 

Nut.  Tolerance 
on  full  and  core 
diameters. 

in. 

— 0'00：25  v/D 

- 0-0035  VD 

ill. 

+  U-001  ^/T> 

+  0-00：]5  \/D 
(above  allowance) 

D  =  nominal  diameter  of  thread  in  inches. 

The  positive  aud  nctialivc  sigus  rofcv  to  the  noiaiual  dimcusious  of  the  bolt. 
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The  report  also  gives  formula)  for  the  tolerances  on  pitch, 
and  the  allowances  ou  effective  diameter  required  to  compen- 
sate them,  and  tables  setting  out  the  tolerances  on  the  various 
elements.  * 

Turning  now  to  the  question  of  providing  limit  gauges  for 
such  threads,  we  are  met  with  many  difficulties.  The  commit- 
tee, after  a  discussion  of  tiiese,  summarised  their  recommen- 
dations thus : —— 


For  Bolts. 
1.  "  Go  "  and  "  Not  go  ，， 
gauge  of  the  ((  Taylor  ，，  type 
for  pitch  and  effective  dia- 
meter. 

and  "  Not  go  " 
gauge   for  full 


2.  ''Go' 
double  gap 
diameter. 

3.  "  Go  ， 
double  gap 
diiiineter. 


' and  ((  Not  go  ，， 
gauge   for  core 


For  Xufs. 

1.  "Go"  standard  bolt, 
correct  in  all  particulars,  and 
made  to  the  niininium  dia- 
meters allowable. 

2.  "Not  go"  single  thread 
gauge  for  full  diameter. 

3.  "Not  go"  single  thread 
gauge  for  effective  diameter. 

4.  "  Not  go  "  cylindrical 
gauge  for  core  diameter. 


We  shall  see  shortly  what  is  meant  by  the  "  Taylor  ，，* 
type  of  gauge.  For  bolts  the  three  ((go，，  gauges  recom- 
mended may  be,  and  usually  are,  replaced  by  a  single  "  go  ，' 
ring  gauge,  a  ring  screw  of  correct  form  and  dimensions.  Such 
a  gauge  is  difficult  to  construct  and  verify  with  accuracy  ； 


[  Fig.  9.~Microscope  for  Studying  Angle  and  Form  of  Thrkad. 

hence  Mr.  Taylor  suggested  for  pitch  and  effective  diameter  a 
three-point  gauge  shown  in  Fig.  7. 

The  three  conical  points,  accurately  ground  to  an  angle  of 
55。，  and  truncated  so  as  to  clear  the  root  of  the  thread,  are 
distributed  as  follows :  (I.)  Two  are  fixed  on  the  lower  jaw  of 
the  gauge,  so  that  the  distance  between  them  is  an  exact 
number  of  threads,  representing  twice  the  length  of  screw  con- 
tained in  a  standard  nut  of  corresponding  diameter.  (//,)  The 
third  is  fixed  on  the  upper  jaw  midway  between  the  two  points 
on  the  lower  jaw,  and  the  three  points  are  set  to  a  standard 
male  gauge  having  correct  pitch,  and  the  maximum  effective 
diameter  allowed.  Opposite  the  single  point  is  fixed  tlie  flat 
face  a,  which  is  adjusted  so  tliat  the  small  cylinder  r 一 of  such 
a  diameter  that  it  will  touch  the  thread  about  half-way  clown 
its  depth ― will  just  enter  the  thread  of  a  bolt  made  to  the 
minimum  effective  diameter  allowed. 

Then,  in  testing,  if  the  bolt  enters  tlie  gauge  and  the  "  not 
go  "  cylinder  refuses  to  enter  tlie  thread,  the  bolt  is  witliin  the 
limits  for  pitch  and  effective  diameter  laid  down  in  the  tables, 
while  any  error  in  pitch  wliidi  may  be  present  will  be  duly 
compensated  by  a  reduction  in  the  efVective  diameter.  With 
111  is  gauge  a  ('  go  "  and  "  not  go  "  ring  gauge  is  used  for  the 
full  diameter,  and  a  "  go  "  and  "  not  go  "  snap  gauge  for  the 
core  diameter.  With  a  complete  ring  gauge  for  the  "  go  " 
gauge  "  not  go  "  gauges  are  required  if  the  checking  is  to  be 


*  The  Cotnrnittee  and  the  engineering  influsbry  owe  rnnch  to  Mr.  W,  Taylor,  of 
Messrs .  Taylor.  Taylor,  't  ITobson.  for  his  worli  in  this  fonn rciion. 


complete  for  the  full,  core,  and  effective  diameters.  In  prac- 
tice it  is  generally  considered  sufficient  to  use  a  '(  go  '，  ring  and 
a  "  not  go  "  full  diameter  gauge,  though  this  opens  the  door 
to  the  employment  of  thin  threads.  It  should  be  remarked 
here  that  a  "  not  go  "  screw  ring  is  a  useless  and  misleading 
gauge  ；  it  is  difficult  and  costly  to  construct  ；  it  may  tell  you 
no  doubt  that  the  screw  is  wrong  and  ought  to  be  rejected, 
but  it  affords  no  information  as  to  what  element  in  its  form 
causes  the  rejection. 

Up  to  the  present  no  firm  has  undertaken  the  manufacture 
of  the  three-point  pitch  and  effective  diameter  gauges,  and 
they  have  not  come  into  general  use  ；  they  suffer  also  from  the 
disadvantage  that  the  wear  is  taken  on  the  points,  and  even 
if  these  are  properly  hardened  the  life  cannot  be  long. 

It  is  easier  to  gauge  a  hole,  for  in  this  case  the  gauges  are 
plugs.  A  complete  plug  gauge  is  required  as  a  "  go  "  gauge, 
and,  to  be  strict,  tliree  "  not  go  "  gauges  for  the  core,  full,  and 
effective  diameters.  For  the  core  the  "  not  go  "  gauge  is  a 
simple  plain  plug  of  appropriate  size.  For  the  full  and  effec- 
tive diainetei's  we  use  two  screw  gauges,  each  having  a  single 
turn  of  the  thread  ；  the  first  has  a  very  thin  deep  thread,  cut 
away  on  the  slopes  and  at  the  root,  so  as  to  bear  only  on  its 
crest,  while  the  second  is  cut  away  at  the  crest  and  root,  and 
bears  on  tlie  slopes  ；  the  diameters  are  in  each  case  of  appro- 
priate size,  and  the  screw  is  rejected  if  either  gauge  enters 
appreciably.  If  a  "  not  go  "  core  diameter  gauge  only  is 
used,  holes  with  thin  threads,  in  which  the  effective 
diameter  and  probably  the  full  diameters  are  too  large,  will 
be  accepted. 

We  pass  next  to  the  tolerances  on  the  gauges  and  the  means 
of  checking  these  ；  the  last  is  closely  connected  with  the 
methods  of  production  and  has  recently  been  discussed  in  a 
memorandum,  "Notes  on  Screw  Gauges ，"十 issued  in  February, 
1916，  from  the  National  Physical  Laboratory.  In  the  case  of 
a  plug  gauge,  if  a  satisfactory  ring  check  is  available,  the  first 
step  will  normally  be  to  try  it  with  this.  If  it  fails  to  enter 
it  is  usually  rejected,  but  further  examination  is  made  to  see 
to  what  particular  the  failure  is  due.  If  it  enters  examination 
is  still  necessary  to  determine  whether  it  is  up  to  size  in  all  its 
elements  ；  it  may  have  an  excessive  pitch  error  which  is  com- 
pensated for  by  a  large  reduction  in  its  effective  diameter,  and 
ill  this  case  it  is  useless  as  a  gauge.  Thus  in  nearly  all  cases 
measurement  is  required. 

For  the  full  diameter  a  micrometer  or  some  simple  form  of 
measuring  machine  is  all  that  is  needed.  The  principle 
involved  in  the  measurement  of  the  effective  and  core  diameters 
is  shown  in  Fig.  8. 

For  the  effective  diameter,  tliree  small  circular  cylinders 
—— three  carefully  selected  needles  of  known  diameter 一 are 
inserted,  as  shown  in  the  thread,  and  a  micrometer  reading  is 
taken  over  these  ；  the  mean  diameter  of  the  needles  is  deter- 
mined by  measuring  them  when  suspended  against  a  cylinder 
of  known  dimensions,  and  from  these  two  readings  the  effective 
diameter  can  be  calculated. 

Instead  of  a  plain  cylinder  we  may  employ  a  cylinder 
having  a  circular  V  groove,  with  an  angle  of  55°  cut  in  it  to  a 
suitable  depth.  This  is  tested  by  means  of  two  accurate 
cylinders,  and  its  effective  diameter  is  found  as  though  it  were 
part  of  a  screw  thread  ；  tlie  method  of  using  it  as  a  reference 
bar  is  obvious.  ' 

For  the  core  diameter,  the  circular  needles  are  replaced  by 
tliree  bars  of  triangular  section,  the  angle  at  the  apex  being 
considerably  less  than  that  of  the  screw  ；  measurements  are 
taken  with  the  micrometer  ―  (1)  with  the  bars  against  a 
cylinder  of  known  diameter  ；  (2)  with  the  bars  in  the  thread, 
and  the  core  diameter  is  thus  found. 

To  carry  out  tliese  measurements  rapidly  at  the  laboratory, 
an  iiistrum  eiit  is  em  ployed  in  which  the  screw  to  be  measured  is 
held  between  suit'al)le  centres.  A  light  carriage  supporting 
two  ini (！ rometers  can  move  on  balls  either  parallel  to  or  at  right 
angles  to  the  axis  of  the  screw  ；  the  axes  of  the  micrometers 
are  in  the  same  plane  as  and  at  right  angles  to  that  of  the 
screw.  To  measure  the  full  diameter  a  standard  screw  is 
placed  between  the  centres,  and  one  micrometer  A  is  set  to 
some  convenient  mark  ；  tlie  other  B  is  then  adjusted  until  the 
standard  screw  is  just  held  between  the  micrometers  ；  the  pres- 

t  To  bo  f)l)laino(3  from  Mr.  W.  F.  Parvott. . The  Causeway,  Teddington.  or 
tlironali  tlio  KiiKinctn-infj;  Siandimls  Committee. 
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sure  requiied  lor  tins  should  be  very  ligl",  as  tlie  screw  is 
easily  deformed.  Microiiieler  A  is  then  willidrawii,  the  st-aii 
dard  screw  removed,  and  the  screw  to  be  examined  put  in 
place.  This  screw  is  then  measured,  using  niicrouieter  A.  The 
difference  in  readings  of  A  then  gives  directly  the  error  in  the 
full  diameter  of  the  screw.  The  diameters  of  most  of  the  screw 
gauges  tested  at  the  laboratory  are  thus  measured. 

Turning  now  to  the  nieasvireinent  of  pitch,  we  notice  first' 
that  pitch' error  may  be  of  two  kinds:— (")  A  progressive 
error,  increasing  regularly  as  we  go  along  the  screw  ；  and  (h) 
superposed  in  many  cases  on  this  a  periodic  error,  depending 
frequently  on  some  want,  of  adjustment  in  the  leading  screw  of 
the  lathe  on  which  the  thread  was  cut.  Examples  of  these 
errors  will  be  given  later.  In  ineasiiriiig  the  pitch  of  a  screw, 
it  is  mounted  on  centres  on  a  stiff  bed  which  carries  a  saddle 
slidintj  parallel  to  the  line  of  centres.  This  saddle  is  moved  by 
a  screw  which  has  been  carefully  calibrated,  and  the  motion  is 
read  on  a  large  micrometer  head.  In  its  simplest  form  the 
saddle  carries  a  pointer  accurately  ground  to  an  angle  of  55° 
with  its  axis  at  right  angles  to  that  of  the  screw.  The  pointer 
can  slide  in  the  direction  of  its  own  length  on  the  saddle.  The 
pointer  is  set  by  the  micrometer  with  its  two  edges  in  contact 
with  the  sides  of  a  thread  and  a  reading  taken.  It  is  then 
withdrawn,  the  inicrometer  is  turned  until  the  pointer  is  oppo- 
site the  next  thread,  when  it  is  again  adjusted,  and  so  on.  A 
series  of  readings  taken  thus  give  the  distances  between  the 
consecutive  roots  of  the  thread,  '>.，  the  pitch,  and  from  these 
the  pitch  error  is  calculated.  The  method  is  clearly  slow  and 
not  very  accurate  ；  it  is  difficult  to  set  the  pointer.  The  method 
in  use  at  the  laboratory  is  as  follows  ： ― 

The  screw  is  mounted  as  before,  but  the  feeler  carried  by 


— TT  广 


11  气 

-L _ L       〜  0/25 


Fig.  10.  Fig.  11. 

the  saddle  takes  the  form  of  a  small  spherical  ball  at  the  end 
of  a  bent  lever.  The  ball  is  held  pressed  into  the  threads  of 
the  screw  by  a  light  spring,  and  as  the  saddle  is  traversed  along 
the  ball  moves  to  and  fro,  always  remaining  in  contact  with 
the  screw.  The  ball  is  too  large  in  diameter  to  reach  the 
bottom  of  the  thread.  In  i"  inolioii  it  slides  down  one  flank 
of  the  thread  until  it  is  arrested  by  coi'tact  with  the  opposite 
flank,  when  it  immediately  begins  to  move  up  this  flank  ； 
this  change  of  motion  is  very  sharply  defined.  By 
noting  on  the  micrometer  screw  the  positions  of  the  slider  at 
which  these  changes  of  motion  take  place,  we  clearly  have  a 
means  of  measuring  the  pitch  of  the  screw.  To  effect  this  a 
mirror  is  attached  to  the  arm  carrying  the  small  sphere  and 
rotates  backwards  and  forwards  as  the  arm  moves,  A  spot  of 
light  reflected  from  the  mirror  on  to  a  scale  moves  in  one  direc- 
tion, then  stops  and  moves  back  ；  after  a  time  its  motion  is 
again  reversed,  and  so  on.  The  sharp  reversals  caused  by  the 
point  of  contact  of  the  sphere  passing  from  one  flank  of  the 
screw  to  the  opposite  flank  are  clearly  defined,  and  by  their 
means  an  accurate  measure  of  the  pitch  is  obtained. 

To  measure  the  angl^  and  form  of  a  thread  a  microscope  is 
most  conveniently  used.  The  microscope  is  fitted  with  cross 
wires  and  can  rotate  about  its  axis.  Some  means  of  measuring 
this  rotation  is  required.  Means  also  for  bringing  the  part  of 
the  screw  to  be  examined,  aud  for  focussing,  are  required,  and 
care  must  be  taken  that  the  light  which  enters  the  microscope 
mpy  come  along  the  rake  of  the  thread.  The  axis  of  the 
microscope  is  set  at  right  angles  to  that  of  the  screw.  Fig.  9 
shows  a  simple  apparatus  devised  at  the  laboratory  for  this 
measurement. 


To  rii.'ilu'  a  inousiuHMiieni  of  t-lio  iUi^h^,  the  mi(TOB('o|)e  in 
iirsl,  iocussetl  on  one  of  I  lie  (UMii  res  which  carry  llic  s (；! 'ew  ；  it- 
is  then  moved  aside  and  the  screw  is  pul  i'l  position  and 
traversed  by  means  of  the  adjiistrneiits  until  in  llie  field  of 
view.  Tliis  method  of  focussing  ensures  that  an  axial  section 
of  t lie  screw  is  under  examination.  The  microscope  is  then 
rotated  about  its  axis  until  the  cross  wire  is  along  the  flank  of 
one  of  the  threads  and  a  reading  is  taken  ；  the  tube  is  turned 
aud  the  screw  traversed  until  the  cross  wire  lies  along  the 
opposite  flank,  and  a  reading  is  again  taken  ；  the  difference 
between  these  gives  the  angle  of  the  screw.  By  setting  the 
cross  wire  to  run  along  the  crests  of  the  t  hread  and  taking  a 
reading  the  squareness  of  the  threads  to  the  axis  can  be  veri- 
fied, while  the  general  shape  of  the  thread  is  obvious  to  the 
eye.  By  attaching  the  part  carrying  the  screw  to  two  slides  at 
right  angles,  one  parallel  to  and  the  other  at  right  angles  to 
the  axis  of  the  screws,  fitted  with  accurate  micrometers, 
measurements  of  the  diameters  and  pitch  of  a  small  screw  may 
be  made. 

In  many  cases,  however,  observations  on  angle  and  form 
can  be  made  most  readily  by  a  projection  apparatus.  The 
screw  is  suitably  mounted  and  illuminated  by  the  aid  of  a  small 
arc  lamp  and  condenser.  Carefully  arranged  lenses  throw  a 
magnified  image  on  a  screen,  and  observations  are  made  on  this 
image.  The  lenses  must'  be  chosen  to  produce  uniform  magni- 
fication over  the  field  and  there  must  be  absence  of  distortion. 
At  the  laboratory  lenses  to  secure  this  have  been  obtained,  and 
the  method  has  proved  rapid  and  of  great  value  A  magnifica- 
tion of  50  has  been  selected  ；  the  screen  carries  an  accurate 
drawing  of  a  section  of  the  screw  50  times  actual  size.  It  is 
easy  to  compare  the  image  formed  with  this  correct  profile. 
The  screen  carries  adjustments  which  serve  to  bring  the  image 
and  the  drawing  readily  into  coincidence. 

Another  method  of  comparison  is  to  project  simultaneously 
the  image  of  an  accurate  screw  placed  alongside  the  one  under 
examination  ；  the  differences  are  readily  apparent. 

The  checking  of  screwed  ring  gauges  is  more  difficult. 
Direct  measurement  is  only  possible  if  they  are  of  considerable 
diameter.  Means  have  been  devised,  provided  the  ring  is  not 
too  small,  and,  where  the  information  is  specially  required, 
are  employed  for  measuring  the  diameters  by  the  aid  of  small 
spheres,  fitting  into  the  threads,  and  internal  micrometers.  In 
general,  however,  check  gauges  are  resorted  to,  the  Taylor 
system  being  employed  whenever  real  accuracy  is  desired.  This 
in  itself  does  not  give  a  measurement  of  the  diameter,  but  it  is 
generally  possible  by  the  use  of  a  sufficient  number  of  checks 
of  slightly  different  sizes  to  form  a  close  estimate  of  the  limits 
within  wliich  it  lies.  A  simple  and  rapid  method  of  measuring 
internal  diameters,  especially  of  small  screws,  is  much  to  be 
desired. 

III.  Form  and  Position  (7〃 ////广、'. ——These,  which  are  often 
extremely  difficult  to  make,  to  measure  and  to  check,  perhaps 
hardly  come  within  the  category  of  limit  gauges.  In  the  case 
of  plate  form  gauges  the  examination  can  sometimes  be  done 
readily  by  measurement,  but  check  gauges  are  usually  neces- 
sary, ami  the  observation  is  made  by  bringing  the  two  into 
contact  on  a  plate  of  glass  and  holding  them  up  to  the  light. 
The  eye  can  readily  detect  a  want  of  fit,  ；  to  say  exactly  what 
is  wrong  is  more  difficult,  e.y.,  in  the  case  of  an  elaborate  band 
gauge  for  a  shell.  We  have  found  the  difficulty  best  met  by 
the  supply  to  the  maker  of  an  accurate  check  in  addition  to 
the  drawing.  More  recently  tlie  projection  apparatus 
em  ployed  for  checking  the  form  of  a  screw  thread  has  been 
freely  used  and  has  given  good  results.  Figs  10  and  11  show 
some  examples  of  such  profile  gauges. 

Position  gauges,  again,  need  checks  for  their  verification, 
and  the  design  and  manufacture  of  these  often  present  diffi- 
culties. The  check  is  clearly  an  accurate  replica  of  the  part 
wliich  it  is  intended  to  gauge,  made,  however,  in  a  form  which 
lends  itself  to  exact  measurement  so  that  its  accuracy  may  be 
secured.  The  details  of  measurement  will  differ  for  each  gauge 
and  no  general  account  can  be  given.  ' 

Limit  gauging  is  a  wide  field  to  discuss,  and  in  this  hasty 
survey  the  fringe  has  only  been  touched.  The  experience  of 
the  past  year  has  shown  its  importance,  and  when  once  this 
was  realised  and  the  fact  that  accuracy  was  essential  was 
grasped,  British  manufacturers  have  risen  to  the  occasion  and 
may  be  proud  of  the  output  of  beautiful  gauges  now  being 
passed  into  imuiition  works. 
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INSTITUTE  OF  METALS. 

At  the  autum u  meeting  of  tlie  Institute  of  Metals,  held  in 
London,  on  September  20th,  a  number  of  interesting  papers 
were  read  and  discussed,  summaries  of  which  are  presented 
as  follows  : —— 

The  Development  of  the  Spelter  Industry. ― Tins  paper,  by 
Ernest  A.  Smith,  A.K.S.M.,  M 丄 M.E.，  is  an  interesting  mono- 
graph on  zinc,  and  deals  with  its  history,  methods  of  procluc- 
tiou,  and  industrial  applications,  and  the  present  status  of 
the  zinc  industry.  The  subject  is  dealt  with  under  the 
following  heads :  Historical  note  ；  Progress  of  the  European 
zinc  industry  ；  Progress  of  the  American  zinc  industry  ；  The 
Asiatic  ziuc  industry  ；  Present-day  zinc  smelting  centres  and 
output  of  spelter  ；  The  zinc  market  ；  The  Spelter  Convention  ； 
Ores  of  zinc  ；  European  sources  of  zinc  ores  ；  American 
sources  of  zinc  ores  ；  Asiatic  and  other  sources  of  zinc  ores  ； 
The  European  zinc  ore  trade ；  The  metallurgy  of  zinc;  Treat- 
ment of  zinc- bearing  complex  ores  ；  Smelting  zinc-bearing  com- 
plex ores  ；  Electric  smelting  of  zinc  ores  ；  Hydro-metallurgical 
processes  of  zinc  extraction  ；  Industrial  applications  of  ziiic  ； 
Future  of  the  zinc  industry.  In  tracing  the  development  of 
the  spelter  industry  from  its  commencement  in  the  16tli  cen- 
tury, attention  is  drawn  to  the  steady  growth  of  the  industry 
on  the  Contiuent  during  the  last  century.  Germany,  taking 
advantage  of  her  uatural  resources  in  zinc  ore  and  coal,  early 
took  the  lead  as  the  largest  producer  not  only  in  Europe,  but 
ill  the  world.  For  many  years  Germany  remained  the  chief 
zinc  producer,  but  in  recent  years  very  rapid  strides  have  been 
made  in  zinc  smelting  in  America,  which  now  takes  first  place 
as  the  largest  producer.  Tables  are  given  showing  the  status 
of  the  world's  zinc  industry,  prior  to  the  war,  the  figures 
giving  the  production  and  consumption  of  spelter  in  all  the 
principal  countries  for  ten  years  ending  1913,  and  also  the 
average  price  in  the  Loudon  market.  Reference  is  made  to 
the  Spelter  Convention,  which  has  hitherto  largely  controlled 
the  output  and  price  of  zinc.  In  dealing  with  the  ores  of  zinc 
attention  is  drawn  to  zinc  concentrates  which  now  form  so 
important  a  source  of  the  metal,  and  the  successful  smelting 
of  which  has  caused  considerable  difficulty  in  the  distillation 
process.  The  various  electric  furnaces  for  zinc  smelting  and 
the  hydro-metallurgical  processes  of  zinc  extraction  are  briefly 
described.  The  industrial  uses  of  zinc  are  considered  in 
detail,  special  attention  being  given  to  the  zinc  alloys.  In 
this  connection  the  author  considers  that  the  extension  of 
the  uses  of  ziuc  in  the  future  will  be  dependent  in  no  small 
degree  on  the  discovery  of  new  alloys  suitable  for  industrial 
purposes.  With  regard  to  the  future  ot"  the  spelter  industry 
the  author  draws  attention  to  the  efforts  that  are  now  being 
made  to  increase  the  smelting  capacity  of  the  works  in  this 
country  and  in  Australia,  so  that  they  may  deal  satisfactorily 
with  the  large  quantities  of  zinc  ore  found  within  the  British 
Empire. 

Annealing  of  Arsenical  Brass*  ―  A  paper,  by  C.  H. 
Mathewson  and  PI  M.  Thalheiiiier  (Yale  University,  U.S.A.) 
entitled  The  Annealing  of  Arsenical  Brass  Containing  61 
per  cent,  and  62*5  per  cent,  of  Copper  ：  A  Study  of  the 
Structure  and  Properties  Developed  by  Varying  the  Rate  of 
Cooling  Within  the  Transformation  Range/'  was  presented. 
During  the  sunirner  of  1914  the  authors  were  called  upon  to 
make  tests  for  the  purpose  of  selecting  a  brass  mixture  based 
upon  the  use  of  Copper  Range  copper ― a  '(  Lake  "  brand  con- 
taining about  0'3  per  cent,  of  arsenic ― and  of  specifying 
forms  of  heat  treatment  which  would  give  satisfaction  in  the 
manufacture  of  heavy  tube.  The  particular  process  for 
which  this  material  was  intended  consists  essentially  in  hot- 
rolling  a  thick  cake  to  a  circular  disc  about  ^in.  thick,  anneal- 
ing and  then  cupping  the  disc,  after  which  tube  is  produced 
by  a  number  of  closing-iii  and  drawing  operations,  each  pre- 
ceded by  annealing  treatment.  It  is  thus  apparent  that  the 
material  must  be  adapted  io  hoi  working,  and,  in  addition, 
must  possess  a  liigli  order  of  ductility  when  cold,  so  that  it 
may  flow  freely  between  the  punch  and  die.  As  a  result  of 
preliminary  tests  on  several  mixtures,  the  authors  recom- 
mended material  containing  62'5  per  cent,  of  copper,  which, 
as  ordinarily  cast  from  Copper  Range  copper,  would  contain 
not  more  than  0'16  per  cent,  of  arsenic.  Using  a  liigh  grade 
of  spelter  there  would  be  no  difficulty  in  hot-rolling  brass 
couiaiiiiug  a  considerably  liiglier  percentage  of  copper  than 


this.  It  is  their  impression  that  the  hot-rolling  properties  of 
these  alloys  are  largely  dependent  upon  the  lead-content  and 
the  amount  of  the  Beta  constituent  present  at  the  rolling 
lieat.  The  main  purpose  of  this  paper  is  to  present  the  results 
of  tests  which  show  comparisons  between  the  properties  of 
brass  containing  (1)  62'5  per  cent,  of  copper  and  very  little 
arsenic  (0.024  per  cent.),  (2)  62"5  per  cent,  of  copper  and 
considerable  arsenic  (0120  per  cent.),  and  (3)  61  per  cent,  of 
copper  and  considerable  arsenic  (0"139  per  cent.)  after  diffe- 
rent forms  of  heat  treatment.  丄 ii  general,  it  may  be  said 
that  brass  of  this  character  made  trom  arsenical  copper  is 
likely  to  afford  a  better  combination  of  strength  and  ductility 
than  metal  made  from  electrolytic  copper  when  both  are 
properly  annealed.  The  authors  are  convinced  that  arsenical 
brass  of  this  type  will  meet  severe  hot-  and  cold-working 
requirements.  With  regard  to  heat  treatment,  it  is  agreed 
that,  in  order  to  obtain  the  most  favourable  conditions  for 
cold-working  a  brass  containing  61  per  cent,  of  copper  (and 
this  probably  applies  to  ordinary  Aliuitz  metal  containing  60 
per  cent,  of'  copper),  annealings  if  conducted  at  temperatures 
above  moderate  red  heat,  should  be  followed  by  at  least  a 
moderately  slow  rate  of  cooling,  say,  20。  C.  per  minute,  and 
slow  cooling  should  be  continued  to  a  temperature  not  far 
above  450°  C.  If  the  metal  is  higher  in  copper,  viz.,  if  it 
contains  some  62  per  cent,  to  63  per  cent,  of  copper,  emphasis 
should  be  laid  on  very  slow  cooling  ；  for  example,  a  5°  rate  is 
far  more  satisfactory  than  a  20°  i'ate，  and  in  such  case  the 
metal  should  be  allowed  to  cool  nornially  to  some  550°  C.， 
whereupon  it  may  be  quenched  in  a  stream  of  water  if  desired. 
In  case  a  rate  of  cooling  in  excess  of  20°  C.  per  minute  pre- 
vails, it  will  be  advantageous  to  allow  such  cooling  to  proceed 
unchecked  to  450""  C.，  or  even  a  lower  temperature. 

Cadmium  in  Spelter. ― In  view  of  the  importance  of  brass 
to  the  cartridge-case  maker  the  latter  has  to  take  every 
precaution  that  his  alloy  is  pure.  Cadmium  is  one  of  the 
impurities  that  has  to  be  guarded  against.  It  occurs  in  most 
samples  of  spelter  to  a  greater  or  lesser  extent.  In  his  note 
on  this  subject  before  the  Institute  of  Metals,  Mr.  W.  R. 
Ingalls  (U.S.A.)  makes  the  interesting  statement  that  the 
electrolytic  process  of  zinc  extraction  affords  an  easy  means 
for  the  separation  of  cadmium.  He  says  that  it  should  be 
borne  distinctly  in  mind  that  the  electrolytic  process  is  .going 
to  be  commercially  applicable  only  under  some  specially 
favourable  conditions,  and  is  not  going  to  drive  zinc  smelting 
out  of  the  world's  arts.  However,  the  electrolytic  zinc  pro- 
duction that  is  likely  to  endure  should  go  a  long  way  toward 
meeting  tlie  (！ einand  for  high-grade  spelter,  and  especially  for 
spelter  low  in  cadmium,  it  appears  that  a  good  deal  of  the 
high-grade  and  intermediate  spelter  that  America  has  sold 
to  Great  Britain  at  fancy  prices  during  the  last  18  months 
has  been  redistilled  common  spelter.  Mr.  Ingalls  suggests 
that  Great  Britain  ought  to  have  bought  common  spelter  and 
redistilled  it  herself. 

The  Allotropy  of  Silver. ― In  his  paper  on  "The  Allotropy  of 
Silver/'  Dr.  W.  D.  Heldernian,  of  Utrecht  University,  presents 
both  an  historical  monograph  and  a  record  of  experimental 
work.  Using  for  the  latter  the  dilatometer  and  the  pyciio- 
meter  he  conies  to  the  following  four  conclusions  :  (1)  Silver 
has  a  transition  point  at  about  77。；  (2)  pure  silver  consists 
of  (at  least)  three  allotropic  (enantiotropic)  forms  ；  (3)  all 
objects  made  of  silver  are  in  a  inestable  condition  as  a  result 
of  the  retardation  in  the  transition  of  the  altered  form  ；  (4) 
all  physical  constants  of  silver  (excepting  tlie  atomic  weight) 
refer  to  indefinite  mixtures  of  the  different  allotropic  forms. 
New  experiments  are  wanted  to  obtain  constants  for  the  diffe- 
rent forms  of  silver  in  a  pure  state. 


American  Shipbuilding. ― Steel  merchant  vessels  were  build- 
ing, or  under  contract  to  be  built,  in  American  private  ship- 
yfirds  at  the  coininenceiiient  of  July  1st，  to  the  number  of  385, 
of  an  a^rgiegate  displacement  of  1,225,784  tons.  The  Senate 
Naval  Committee  has  reported  the  Naval  Aj^propriaiioii  Bill, 
which  provides  for  the  largest  naval  building  programme  in 
American  history.  The  new  battle-ships,  Imtt'le  cruisers,  scout 
cruisers,  and  other  types  of  warships  and  auxiliaries  proposed 
to  be  built  number  157，  with  an  approximate  displacement  of 
855,000  tons.  The  building  of  these  vessels  will  involve  an 
aggregate  estimated  outlay  of  588  million  dollars. 
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A  COMPACT  DESIGN  OF  AIR  COMPRESSOR. 

Wk  ilhisl  rate  l"、ri、、、'it  li  a  (Icsii^n  of  air  o>m|>rrss()r  in  \vlii<'li  the 
compression  is  olTcrtoil  in  t  liroo  m'  more  stages,  the  joint 
invention  of  Mr.  \Villi;iin  UeavoU  uml  ]\lr.  K.  W.  Jones,  Kaiio- 
iagh  Works,  Ipswich.  The  compressor  has  been  designed  with 
a  view  to  make  it  more  compact  and  retjuiro  less  head  room 
than  ordinary  types.  Figs.  1  and  2  are  vertical  sections  of  the 
compressor  taken  at  right  angles  to  each  oilier,  Fig.  3  is  a 
section  on  tlie  line  Z  Fig.  1，  Fig.  4  a  plan  of  the  head  of  the 
compressor  with  the  cover  removed,  and  Fig.  5  a  detail  view 
illust rating:  the  flexible  connection  between  the  higli-pressure 
piston  and  the  bridle  piece  or  frame. 

The  main  cyliiKler  A  is  of  two  diameters  and  is  fitted  with 
a  trunk  piston  B  reciprocated  by  a  connecting  rod  C  the 


der  cover,  Lhe  several  valves  being  arranged  as  seen  clearly 
in  Fig.  4,  M  and  N  being  the  low-pressure  inlets  and  outlet 
valves  respectively,  O  the  intennediate-])resHure  inlet  valve 
to  wliicli  air  is  led  from  the  outlet  valve  N  iliroK^li  llie  first, 
statue  inter-cooler  (not  shown),  P  the  interinediale-pressure 
outlet  valve,  Q  Mie  liigh-pressure  inlet  valve  to 
which  air  is  led  From  the  valve  P  througli  the 
secoiid-si  age  inler-cooler  (not  sliown),  and  R  the  higli- 
pressure  outlet  or  delivery  valve.  The  valves  O 
and  P  c'ont  rol  the  passage  of  air  to  and  from  a  ('liarnl)er  W 
t hat  is  ill  free  ('ommiiiii ('； ition  wil li  the  l)o1  torn  of  tlie  larger 
part  of  the  cylinder  A  through  a  passage  S,  Figs.  2  and  4  ； 
and  the  valves  Q  and  11  cont  rol  the  passage  of  air  to  and  from 
a  chamber  X  iliat  is  in  free  communication  with  both  cylinders 
E  through  a  l)ifurcated  pipe  connection  T，  Figs.  1，  2,  and  4. 
The  passage  S  and  its  connected  valve  chamber  W  form  part 
of  the  annular  second-stage  compression  space  and  the  pipe 
connection  T  and  its  connected  valve  chamber  X  form  part 
of  the  third-stage  compression  spaces,  so  that  the  swept  volume 
of  these  compression  spaces  has  to  be  proportioned  accor- 
dingly. The  cylinders  A  and  E  are  contained  in  a  cooling 
water  jacket  which  is  in  communication  with  cooling  water 
spaces  in  th^  casting  L,  which  is  provided  with  a  cover. 


Fig. 


Ftg.  2. 


Fig.  3. 


Kkavf.IvT.'s  Air  Compresroh. 


gudgeon  pin  of  which  is  above  the  lower  end  of  the  piston  and 
a  crankshaft  D  which  may  be  an  extension  of  the  crankshaft 
of  a  Diesel  engine  ；  the  first  stage  of  compression  is  effected 
above  the  piston  head  and  the  second  stage  below  the  piston 
head  in  the  annular  space  formed  between  the  larger  diameter 
of  the  cylinder  and  the  smaller  diameter  of  the  trunk  portion 
of  the  piston.  A  pair  of  higl 卜 pressure  cylinders  E  are  disposed 
at  opposite  sides  of  and  parallel  to  the  main  cylinder  A.  The 
cylinders  E  are  fitted  with  pistons  F  that  are  flexibly 
coiniected  to  the  arms  of  a  bridle  piece  or  frame  G  that  is 
rigidly  attached  to  the  lower  end  of  the  trunk  piston  B  as 
shown.  In  one  method  of  connecting  each  piston  F  to  its 
bridle  arm,  the  lower  end  of  the  piston  as  shown  in  Fig.  5  is 
reduced  and  extends  through  a  partly  spherical  washer  H 
mounted  in  the  enlarged  and  correspondingly  shaped  upper 
end  of  an  opening  in  the  bridle  arm,  the  piston  being  tightly 
held  in  position  but  witli  sufficient  freedom  to  take  its  true 
alignment  in  the  cylinder  by  means  of  a  coiled  spring  J  com- 
pressed against  the  underside  of  the  bridle  arm  by  a  nut.  All 
the  valves  are  located  in  the  casting  L  forming  the  main  cylin- 


FUEL  ECONOMY. 

First  Report  of  Committee  Appointed  by  the  British 
Association. 

At  the  recent  meeting  of  tlie  British  Association  at  Newcastle- 
upon-Tyne  the  first  report  of  the  committee  appointed  for  the 
Investigation  of  Fuel  Economy,  the  Utilisation  of  Coal,  and 
Smoke  Prevention,  was  presented.  The  committee  consists  of 
Prof.  W.  A.  Bone*  (chairman),  Mr.  E.  D.  Simon*  (secretary), 
the  Right  Hon.  Lord  AUerton,*  Mr.  Robert  Armitage,  Prof. 
J.  O.  Arnold,  Mr.  J.  A.  F.  Aspinall,  Mr.  A.  H.  Barker,  Prof. 
P.  P.  Bedson,  Sir  G.  T.  Beilby,*  Sir  Hugh  Bell,*  Mr.  E. 
Bury,  Dr.  Charles  Carpenter,*  Dr.  Dugald  Clerk,*  Prof.  H.  B. 
Dixon,  Dr.  J.  T.  Dunn,*  Mr.  >S.  Z.  de  Ferranti,  Dr.  William 
Galloway,  Prof,  W.  W.  Haldane  Gee,  Prof.  Thos.  Gray,  Mr. 
T.  Y.  Greener,^-  Sir  Robert  Hadfield/^  Dr.  H.  S.  Hele-Shaw* 
Mr.  D.  H.  Helps,  Mr.  Greville  Jones,  Mr.  W.  W.  Lackie,  Mr. 
Michael  Longridge,  Dr.  J.  W.  Mellor,  Mr.  C.  H.  Merz,  Mr. 
Robert  Moiid,*  Mr.  Bernard  Moore,  Hon.  Sir  Charles 
Parsons 严 Sir  Richard  Redmayne,*  Prof.  Ripper, 
Prof.  L.  T.  O'Shea,  Mr.  R.  P.  Sloan,  Dr.  J.  E. 
Stead, Dr.  A.  Strahan,*  Mr.  C.  E.  Strom eyer, 
Mr.  Benjamin  Talbot,  Prof.  R.  Threlfall,  Mr.  G. 
Blake  Walker,  Dr.  R.  V.  Wheeler,  Mr.  B.  W. 
Winder,  Mr.  W.  B.  Woodhouse,  Prof.  W.  P. 
Wynne,  Mr.  H.  James  Yates 产 and  their  report  is 
as  follows : — 

The  national  aspects  of  fuel  economy  may  be 
considered  from  two  somewhat  different  stand- 
points, namely  (1)  in  viev;  of  the  economic  pit  na- 
tion created  by  the  v/ai',  which  will  necessitate 
the  general  adoption  of  more  scientific  methods  in 
p^iG.  5.  the   future   development   and    utilisation  of  the 

nation's  mineral  reserves,  and  (2)  in  view  of  that 
remoter,  but  possibly  not  far  distant,  future 
when  our  available  coal  supplies  will  be  restricted  by 
approacliing  exhaustion.  In  approaching  its  task  the  Com- 
mittee decided  that  it  could  best  serve  the  national  interest 
by  concentrating  its  attention  upon  the  more  immediate  aspect 
of  the  problem. 

It  can  hardly  be  questioned  that  the  chief  material  basis 
of  the  great  industrial  and  commercial  expansion  of  this  coun- 
try during  the  past  century  has  been  its  abundant  supplies  of 
easily  obtainable  coal,  which,  until  recent  years,  lias  given  us 
a  position  of  advantage  over  all  other  countries.  It  is  also 
equally  true  that  we  can  no  longer  claim  any  advantage  in 
this  respect  over  our  two  closest  competitors. 

There  can  he  little  doubt  but  that  up  to  the  present  we 
have  been  wasteful  and  improvident  in  regard  to  our  methods 
of  getting  and  utilising  coal,  and  that  not  only  are  great 
economies  in  both  these  directions  attainable,  but  also  that 
the  question  of  the  general  adoption  of  more  scientific  methods 
in  regard  to  these  matters  is  one  of  vital  importance,  in  view 

*  Denotes  a  member  of  the  Executive  Committee. 
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of  the  trying  period  of  economic   recuperation    which  will 
immediately  succeed  the  war. 

For  some  vears  before  the  war  the  average  price  of  coal 
at  the  pithead  had  been  decidedly  on  the  up-grade,  owing 
chieflv  to  deeper  workings,  liiglier  wages,  and  greater  precau- 
tions for  ensuring  the  safety  of  the  mines.  The  result  of  the 
great  coal  strike  in  1912,  and  the  legislation  which  it  provoked, 
was  to  accentuate  this  tendency.  And  if,  as  seems  probable, 
prices  continue  to  rise  for  some  time  after  the  war  at  an 
accelerated  rate,  as  compared  with  the  pre-war  period,  the 
question  of  the  best  utilisation  of  fuels  will  be  of  increasing 
importance  to  the  nation. 

According  to  the  report  upon  the  World's  Coal  Resources, 
issued  by  the  International  Geological  Congress  in  the  year 
1913,  the  geographical  distribution  of  the  world's  total  possible 
and  probable  reserves  of  coal  of  all  kinds  available  within 
6,000fl.  of  the  surface  amounts  in  all  to  7,397,553  million 
metric  tons.  The  fact  that  the  available  reserves  of  coal  in 
Great  Britain  only  amount  to  about  one-fortieth,  whilst  those 
of  the  whole  Empire  do  not  amount  to  more  than  about  one- 
fourth,  of  the  world's  estimated  total,  is  one  which  ought  to 
be  brought  home  to  everyone  responsible  for  the  economic 
development  of  our  national  and  imperial  resources,  especially 
in  view  of  the  fact  that  the  United  States,  whose  competition 
in  the  immediate  future  will  probably  be  much  more  severely 
felt  than  ever  before,  possess  more  than  half  the  estimated 
world's  coal,  and  that  also  in  regard  to  the  two  prime  consider- 
ations of  quality  and  cost  of  production  the  States  probably 
compare  favourably  with  Great  Britain  and  tlie  Empire. 

Moreover,  it  may  be  pointed  out  that  in  the  United  States 
both  the  Government  and  the  University  of  Illinois  have,  for 
some  years  past,  conducted  numerous  important  chemical 
investigations  and  large-scale  trials  upon  the  character  of  the 
principal  American  coal  seams  and  their  adaptation  for  various 
economic  ends,  and  that,  in  consequence,  American  manufac- 
turers have  at  their  disposal  much  more  complete  and  syste- 
matic information  about  their  country's  coal  resources  than  is 
at  present  possessed  by  their  British  competitors.  Also,  the 
United  States  Government,  wliich  is  continually  extending  its 
policy  of  the  conservation  of  its  natural  resources,  has  already 
taken  legislative  steps  to  prevent  the  premature  exploitation 
of  the  coalfields  of  Alaska.  Nor  has  Canada  lagged  behind  her 
neighbour,  as  is  proved  by  the  recent  exhaustive  "  Investiga- 
tion of  the  Coals  of  Canada  with  reference  to  tlieir  Economic 
Qualities/'  conducted  at  the  McGill  University,  Montreal, 
under  the  authority  of  the  Dominion  Government,  and 
published  in  the  years  1912  and  1913  by  the  Department  of 
Mines  in  six  imposing  volumes.  No  such  comprehensive 
investigations  have  ever  been  undertaken  in  this  country, 
where  they  are  much  needed.  The  Committee  is  of  opinion 
that  the  example  of  the  United  States  and  Canada  might  be 
followed  witli  advantage  to  the  industrial  community  by  the 
Government  of  Great  Britain,  and  that  representations  should 
be  made  with  the  object  of  inducing  the  Government  to  pro 
vide  adequate  funds  in  aid  of  further  researches  and  investiga- 
tions upon  the  chemical  character  of  the  principal  British  coal 
seams,  the  best  means  for  their  future  development  in  the 
national  interest,  and  upon  problems  of  fuel  economy,  includ- 
ing the  utilisation  of  all  the  by-products  obtainable  from  coal. 

The  rapid  increase  during  recent  years  in  the  world's 
demands  for  coal  is  shown  by  the  following  approximate  figures 
covering  tlie  ten  years'  period  immediately  preceding  the  out- 
break of  war  : ― 

Approximate  Total - 
Year.  Millions  of  Tons. 

1903    800 

1908    1,000 

1913    1,250 

From  these  figures  it  would  appear  tliat,  during  the  period 
in  question,  t he  world's  demands  have  continuously  increased 
at  a  conipouiul  interest  rate  of  nearly  5  per  cent,  per  annum. 
Another  important  fact  is  t hat  these  cleiiiaiuls  have  been  priii- 
dpally  met  by  three  countries,  namely,  the  United  States, 
Creat  Britain,  and  Germany,  which,  between  them,  have 
hit lierto  annually  raised  83  per  cent,  of  tlie  total  anthracite 
and  bituminous  coals  consumed  in  the  world.  This  being  so, 
it  is  of  interest  to  compare  tlie  relative  rates  of  increase  in  the 
coal  productions  of  these  three  countries  during  recent  years, 
which  may  best  be  deduced  from  a  comparison  of  quinquen- 
nial averages  over  a  period  of  15  years,  frorti  1900-19H  inclu- 
sive, as  in  Table  I. : ― 


Table  I. ― Coal  Producfions  of  the  United  State'?,  Great 
Britfii/i^  and  Germany —— Quinquen nial  Averar/ts,  1900  to 
1914. 


Period. 

Millions  of  tons  per  annum. 

United  States. 

Great  Britain. 

Germany.* 

1900-04   

288.2 

226.8 

112.5 

liKto-O!)  

400.5 

256.  (» 

130.8 

1910-U   

519.2 

269.9 

168-3 

*  Excluding  lignites  and  brown  coals. 

From  these  figures  it  may  be  inferred  that  up  to  the  out- 
break of  the  war  tlie  coal  output  of  the  United 
States  was  increasing  annually  at  a  compound  interest 
rate  of  about  6  per  cent.,  that  of  Germany  at 
a  compound  rate  of  about  4  per  cent.,  whilst  the  British  out- 
put was  increasing  at  a  compound  rate  of  2  per  cent.  only. 
During  the  period  1910-14  the  United  States  produced  nearly 
twice  as  much  coal  as  Great  Britain,  and,  assuming  that  these 
relative  rates  of  increase  are  maintained  after  the  war,  it  m ay 
be  predicted  that  Germany's  output  of  coal  will  overtake  that 
of  Great  Britain  about  20  years  hence,  when  each  country  will 
be  producing  some  420,000,000  tons  per  annum. 

The  public  cannot  be  too  often  reminded  that  not  only  is 
coal  of  prime  importance  as  a  fuel,  but  also  that,  when  suitably 
handled  by  the  chemist,  it  yields  very  valuable  by-products, 
which  are  the  raw  materials  of  important  industries.  Thus 
from  coal-tar,  and  other  by-products  of  its  distillation,  are 
obtained  the  raw  materials  for  the  manufacture  of  both 
synthetic  dyes  and  drugs  and  certain  high  explosives.  Another 
important  by-product  obtainable  is  ammonia  in  the  form  of 
sulphate,  which  is  chiefly  used  as  a  fertiliser  in  the  production 
of  foodstuffs.  The  use  of  artificial  fertilisers,  including 
ammonium  sulphate,  by  agriculturists  in  Great  Britain  is  still 
in  its  infancy,  and  the  near  future  ought  to  see  a  large  expan- 
sion in  the  home  demands  for  nitrogenous  fertilisers. 

Among  other  products  obtainable  by  the  low-temperature 
distillation  of  coal  are  liquid  hydrocarbons  of  the  paraffin  and 
iiaphthene  series,  and  it  is  probable  that  large  quantities  of 
" motor  spirit"  could  be  manufactured  in  this  country  from 
coal.  Th^re  is  no  doubt  that  we  in  this  country  have  not  been 
sufficiently  alive  to  the  importance  of  recovering  such  by- 
products from  the  raw  coal  raised  in  our  mines,  and  that  we 
have  been  very  much  behind  Germany  in  this  respect.  Thus, 
for  example,  whilst  in  the  coking  industry  modern  by-product 
recovery  plants  had  been  universally  installed  years  ago 
throughout  Germany,  we  were,  in  1913，  still  carbonising  about 
six  and  a  half  million  tons  of  coal  annually  for  metallurgical 
coke  in  old-fashioned  beehive  ovens.  Also,  whereas  our  total 
production  of  ammonium  sulphate  from  coal  was  in  1913  about 
318,000  tons,  Germany  produced  nearly  half  a  million  tons 
from  a  very  much  smaller  output  of  coal. 

The  community  needs  to  be  reminded  that,  at  least  so  far 
as  this  country  is  concerned,  progress  in  fuel  economy  involves 
something  more  than  increased  thermal  efficiency  in  respect  of 
power  production  and  of  heating  operations  generally,  impor- 
tant as  these  undoubtedly  are.  It  also  involves  tlie  whole  ques- 
tion of  the  better  utilisation  of  our  coal,  including  the  recovery 
of  by-products  and  the  consequent  abolition  of  the  smoke 
nuisance,  which,  at  present,  directly  and  indirectly,  costs  the 
country  many  millions  of  pounds  per  annum. 
Table  II, ― (—, md  Prod uct ion  hi  Great  Britain ~ Qttmquennixd 
A  verage.^,  1870  to  1914 ― Millions  of  Tons  per  A  nnum^ 


Calculated  at 

Proportion  of 

Period. 

Average  output. 

2  per  cent,  com- 

total output 

pound  interest. 

exported. 

1870-74   

121.5 

121.5 

().13 

1K7;V7!»   

131.1 

(1. 14" 

ISHO- 84   

ir)".4 

148.1 

().17-2 

1*>5.2 

163.5 

,"'200 

1S1M)~94   

180.3 

180.5 

0.220 

202.0 

0.237 

1  OIK) -04   

226.8 

0.27 

1905-09   

256.0 

243-0 

0.31 

imo-  U   

209.9 

268.2 

0.326 

There  are  two  outstanding  features  in  the  history  of  the 
British  coal  trade  to  which  the  Committee  desires  to  draw 
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attention  Om、  is  t  he  roMiarkably  steady  inrrease  in  I  lie  total 
output  of  our  Miiiios,  which,  siiico  1870,  lias  been  mainlained 
at  iui  almost  imilonn  coiiipouiul  iiileiest  rate  of  2  per  cent, 
per  amium，  as  Table  1】.，  uivino-  (juinquenuial  averages  over  a 
period  of  45  years -― 1870-1914  shows. 

The  second  feature  is  the  plieuonieiial  growth  of  our  expui  l 
trade,  whicli,  during  the  past  60  years,  has  increased  some- 
thing like  120-fold,  both  as  rej^ards  the  quantities  and  tlie 
values  of  coal  exported.  Moreover,  its  value  relative  to  other 
values  exported  has,  during  the  same  period,  increased  four- 
fold, until  at  the  outbreak  of  war  it  constituted  about  10  per 
cent,  of  our  total  exj)orted  values.  We  were  then  actually 
transacting  over  70  per  cent,  of  the  total  sea-borne  coal  trade 
of  the  world.  It  must,,  however,  be  borne  in  mind  that  a  con- 
siderable proportion  of  the  exported  coal  supplies  the  needs 
of  our  mercantile  marine. 

Another  circumstance  which  deinaiuls  attention  is  the  fact 
that  the  proportion  of  the  coal  raised  annually  in  the  United 
Kingdom  which  is  exported  has  been  doubled  witliin  the  past 
35  years,  trebled  within  half  a  century,  and  is  still  increasing. 
Three  factors  have  operated  in  producing  this  result.  One  is 
tlie  proximity  of  the  finest  coalfields  to  our  ports,  another  is 
the  increased  demands  for  coal  from  Europe  and  South 
America,  while  a  third  has  been  the  phenomenal  growth  of 
our  mercantile  marine. 

The  foregoing  figures  for  tlie  total  outputs  of  our  mines  by 
no  means  represent  the  real  rate  of  depletion  of  our  available 
coal  reserves.  A  vast  amount  of  usable  coal  is  left  behind  in 
the  mine  because,  under  present  individualistic  conditions,  it 
does  not  pay  to  bring  it  to  the  surface.  A  larger  profit  on 
the  capital  of  a  colliery  company  can  often  be  earned  by 
working  the  better  classes  of  coal  and  leaving  the  less  valuable 
grades  underground.  According  to  figures  issued  in  the  Report 
of  the  1905  Royal  Commission  on  Coal  Supplies,  this  wastage 
amounted  to  nearly  25  per  cent,  of  the  total  raised  in  the 
larger  coalfields.  The  question  of  checking  this  wastage  by 
finding  out  in  what  ways  the  less  valuable  grades  can  be 
turned  to  good  account  commercially  is  one  of  supreme 
national  importance,  and  the  Committee  desires  to  draw  special 
attention  to  it.  Much  of  the  coal  now  left  behind  in  the  mines 
ought  to  be  converted  into  useful  forms  of  energy  and  products 
for  public  purposes,  and  one  of  the  most  important  aspects  of 
the  fuel-economy  problem  in  Great  Britain  is  the  devising  and 
organising  of  means  for  making  it  possible  to  raise  this  hitherto 
wasted  coal  at  an  economic  advantage. 

So  much  for  the  general  statistics  of  coal  production. 
Coming  now  to  the  possible  saving  in  the  coal  consumed  annu- 
ally in  this  country  at  the  outbreak  of  the  war  (nearly 
200,000,000  tons),  it  will  be  remembered  that  the  1905  Royal 
Commission  on  Coal  Supplies  found  that  the  possible  saving 
in  our  then  annual  coal  consumption  ( 1 67,000,000  tons) 
amounted  to  between  40  and  60  million  tons.  There  are  many 
competent  judges  who  consider  that,  notwithstanding  the 
improved  apparatus  which  has  been  ])ut  into  use  in  the  best 
factories  throiigliout  the  country  during  tlie  last  ten  years,  the 
average  result  obtained  for  the  country  as  a  whole  still  lags 
behind  the  best  obtainable  to-day  in  as  great  a  proportion  as 
it  did  ill  1905.  It  will  be  tlie  business  of  this  Committee  (1) 
to  estimate  as  nearly  as  may  be  tlie  present  possible  niargin  of 
saving,  and  (2)  to  point  out  tlie  particular  directions  in  which 
it  can  be  attained  from  a  national  ])oint  of  view. 

Having  regard  to  the  magnitude  of  its  work,  and  the  fact 
that  the  coal  question  is  one  upon  which  almost  every  branch 
of  manufacturing  and  transport,  industry  is  dependent,  the 
original  Committee  of  13  members  appointed  by  the  Associa- 
tion in  October,  1915，  decided  to  exercise  soniewliat  freely  its 
powers  of  co-option,  so  as  to  make  a  General  Committee  suffi- 
ciently large  and  representative  of  all  the  important  interests 
involved. 

For  the  rnore  detailed  and  special  stiicly  of  ]>firt icular 
aspects  of  the  fuel  question  the  enlarged  General  Cornrnittee 
resolved  itself  into  the  following  five  Sub-Corn niittees,  each  of 
yliich  subsequently  elected  its  own  chairman,  and,  subject,  to 
its  reporting  from  time  to  time  to  tlie  General  Coniniittee, 
proceeded  to  make  such  arrangements  as  seemed  best-  for  tlie 
prosecution  of  its  work  ： ― 

(rt)  Chemical  and  statistical. 
{h)  Carbonisation. 

(") Metallurgical,  ('eranii (-，  ami  refractory  materials. 


{<!)  I'owcr  uiid  si  oar M  raisiiit;. 
)  Doinest it:  liealint^  and  nm(jl"，  |>r(,v<"il  ioii. 

The  Genera!  Coinniiitee  next  appointed  an  Executive  Coin- 
iniitee,  composed  of  the  cliainnan  and  secretary  of  llie  General 
Committ.ee，  the  cliainnan  of  each  Sub-Committee  (ex-officio), 
and  12  other  ineinbers,  which  could  meet  fre(iuojitly  itt  London 
for  the  discussion  of  matters  relative  to  ilie  orgaiiisal ion  aiirl 
co-ortliiiation  of  t he  work  of  the  Conirnit  tee  as  a  wliolc,  to  deal 
witli  iiialt-ers  arising  out  of  the  proceedings  of  tJic  Suh-Coin- 
uiittees  which  niiglit  require  immediate  action  or  decision,  and 
to  receive  and  consider  communications  either  from  Coverji 
ineiit  Departments  or  Teduik'al  Associations  concerning  sub- 
jects under  investigation  by  the  Committee. 

Tlie  General  Committee  lias  met  in  Loudon  lour  1  irnes  since 
its  appointment  in  October,  1915,  the  various  Sub-Committees 
have  each  met  about  four  times  since  their  formation  in  Janu- 
ary, 1916，  whilst  the  Executive  Committee  has  met  regularly 
on  alternate  Fridays  since  April  28tli  last.  In  all,  30  meet- 
ings have  been  held  during  the  year. 

At  the  first  meeting  of  the  General  Committee  it  was 
decided  to  organise  a  series  of  conferences  of  inanufacturers 
and  others  interested  in  the  fuel  question  in  a  number  of  tlie 
larger  industrial  centres,  for  the  purposes  of  arousing  interest 
in  the  work  of  the  Committee,  of  inviting  co-operation  and 
suggestions  from  large  users  of  fuel,  and  of  educating  public 
opinion  in  respect  of  the  national  importance  of  the  question. 
Six  conferences  have  already  been  held,  as  indicated  in  Table 
III.:  — 

Table  III. 


Bate. 

Place. 

Undei-  the  auspices  of 

1915. 
November  \\) . . 

191(). 

March  0  

March  13   

March  29   

April  5   

April  (i   

8t()k('-on-l'rfnt    . . ( 

Mi<l'n(、lu'(uigh  . . . . 
Not  f  iiiLrlmm  

Slu'ffickl   

Enjjlish  C'c ramie  Society. 
North  StafVs  Mining  Institute. 

London  Section  of  the  Society  of 

('hemical  Iiulnst rv. 
Cleveland  I nst it u1  ion  of  Kn-iincci  s. 
Nottingham  Scrl  i。ii  of  f  he  Sdcit  t  \' 

of  Chemical  1  in  In  sir  v. 
Manchester  Scrtioii  <'f  the  Society 

of  Chemical  Imkisti'y. 
Sheffield  Society  of  Engineers  and 

Metallurgists. 

All  but  one  of  the  meetings  were  addressed  by  the  chair- 
man and  one  or  more  of  the  other  members  of  the  Committee, 
and  the  discussions  which  invariably  followed  were  productive 
of  valuable  suggestions  or  information  regarding  local  condi- 
tions which  demand  special  consideration.  It  may  be  also 
mentioned  that  the  chairman  lectured  at  the  Royal  Institution 
of  Great  Britain,  on  Thiu'sdays,  January  20th,  27th,  and 
February  3rd  last,  on  "  The  Utilisation  of  the  Energy  of 
Coal." 

Ill  March  last  the  Committee  was  asked  by  the  newly- 
formed  Central  Coal  and  Coke  Supplies  Committee  of  the 
Board  of  Trade  to  make  suggestions  as  to  economies  in  fuel 
coiisuinption  which  could  be  made  at  the  present  time,  and, 
as  the  result  of  further  corres])ondeiice  upon  the  matter,  il 
was  arranged  that  Sir  Richard  Redniayiie  should  act  as  the 
representative  of  the  Board  of  Trade  Comniittee  on  this 
Committee. 

During  the  first  year  of  its  existence  the  attention  of  the 
Committee  has  been  fully  occupied  with  questions  of  organisa- 
tion and  a  preliminary  survey  of  the  ground  which  must  be 
explored  later  on.  Already  several  important  lines  of  investi- 
gation needing  the  co-operation  of  manufacturers  have  been 
instituted  and  are  well  in  hand.  But  the  returns  are  in  most 
cases  not  yet  sufficiently  complete  to  justify  publication  in  the 
report,  and,  in  view  of  the  importance  of  the  interests  and 
issues  involved,  the  Committee  feels  that  it  would  be  prema- 
ture to  issue  any  detailed  report  on  particular  aspects  of  the 
fuel  question  until  its  enquiries  have  reached  a  more  advanced 
stage  than  at  present. 

The  Committee  recommends  that  it  be  re-appointed  to  con- 
tinue its  investigations,  as  outlined  and  foreshadowed  iu  this 
report,  and,  in  view  of  the  considerable  expense  involved  in 
carrying  out  such  work,  it  feels  justified  in  asking  for  a  grant 
of  £100. 

(To  be  continued,) 
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TRUING  DEVICES  FOR  GRINDING  WHEELS. 

Grinding  wheels  are  in  reality  cutting  tools  revolving  at 
high  speed  whereby  countless  sharp  points  remove  minute 
chips  l)v  what  we  call,  for  want  of  a  better  term,  the  action 
of  abrasion.  In  the  strictest  sense  of  the  word  this  is  not 
correct  because  the  word  abrasion  means  to  wear  or  rub, 
whereas  a  modern  grinding  wheel  actually  removes  material, 
be  it  hard  or  soft,  by  a  cutting  instead  of  a  wearing  action. 
•To  obtain  the  best  results  the  innumerable  cutting  points  on 
the  surface  of  the  grinding  wlieel  should  be  kept  sharp,  and 
the  periphery  concentric  with  the  spindle,  otherwise  the  effi- 
ciency of  the  wheel  is  materially  lowered.  In  the  following 
article,  by  Mr.  F.  B.  Jacobs,  reproduced  from  "  The  Iron 
Age/'  a  few  simple  methods  of  truing  grinding  wheels  are 
briefly  considered. 


FIG.  4 


Fig.  1— Tho  diamond  set  in  a  hole  in  the  end  of  a  rod.  Fifi.  2.— The  metal 
of  the  rod  ptiined  over  the  stone.  Fifi.  3.— The  completed  setting  with  tho 
metal  tuincd  otl".  Fif,'.  4. —An  arrai 化 enmit  employing  an  auxiliary  pluf^ 
capable  of  adjustment  to  bring  a  new  cuttiu'*  edge  into  action.  Fiu..  >.  Siiii]ile 
device  for  siirfact;  firinding  machine  wheels.  F\'4.  G.— Avvanfienicnt  for  the 
wheels  of  small  cutter  ^rindiiif^  machines.  Fig.  7. ― Grinding  wheel  dix'sser 
consistiiifi  of  five  cutters  mounted  iu  a  holder  and  intended  for  xise  where  it 
is  desixxti  merely  to  keep  the  wheel  rough.  Fig.  8. ― W heel  truing  device  for 
lai-^e  surface  tirindint;  machines. 

The  tools  used  for  this  purpose  are  of  two  kinds,  diamonds 
and  ordinary  emery  wheel  dressers.  There  are  two  varieties 
of  diamonds  used,  that  is  to  say,  bortz  stones,  which  are 
nearly  white  in  colour,  and  the  darker  variety  called  black 
diamonds.  Bortz  stones  are  comparatively  inexpensive  when 
compared  with  black  diamonds,  but  they  are  not  so  hard  and 
consequently  are  shorter  lived.  It  is,  therefore,  more 
economical  to  buy  black  diamonds.  Botli  varieties  are  sold 
})y  the  carat,  and  can  be  houglit  loose  or  already  mounted  iu 
steel  or  copper  holders.  The  majority  of  manufacturers  prefer 
to  buy  loose  stones,  as  by  this  method  flaws  are  more  readily 
detected,  and  since  these  stones  are  never  guaranteed  it  is 
important  to  see  that  only  good  specimens  are  selected. 

The  operation  of  setting  the  stones  is  comparatively 
simple,  and  can  be  ent  rusted  to  any  tool-maker  who  lias  the 
reputation  of  being  a  careful  workman.  In  setting  a  stone,  all 
workmen  do  not  proceed  along  tlie  same  lines,  but  the  follow- 
ing method,  which  is  used  by  many  tool-makers,  is  simple  and 
satisfactory.  First  select,  a  drill  of  the  same  size  as  the  stone. 
This  is  readily  accomplished  by  passing  the  stone  through  the 
holes  in  an  ordinary  drill  gauge.  As  stated  before,  both  steel 
and  copper  holders  are  used,  hut  in  actua]  practice  Mie  latter 
makes  the  better  liolder  for  two  reasons.    First,  it  is  very 


malleable,  and  thus  is  easily  worked,  and  also  copper  is  an 
excellent  conductor  of  heat  and  readily  absorbs  superfluous 
heat,  thereby  tending  to  prevent  overheating  the  stone,  which 
often  causes  it  to  fracture.  The  rod  should  be  about  Gin. 
long,  and  of  the  correct  diameter  to  fit  the  holder  on  the  ma- 
chine where  it  will  be  used,  iin.  being  a  good  diameter  for  the 
average-sized  stone.  A  hole  is  drilled  in  the  end  of  the  rod 
deep  enough  to  bury  the  stone,  as  shown  in  Fig.  1.  The  next 
step  is  to  pein  over  the  metal  which  holds  the  stone  firmly  in 
place.  This  is  done  with  a  light  hammer  and  a  small  staking 
chisel,  the  result  being  shown  in  Fig.  2.  Care  should  be  exer- 
cised as  a  diamond  is  quite  brittle  and  easily  broken  by  a 
chance  blow.  The  completed  setting  is  shown  in  Fig.  3，  the 
superfluous  metal  having  been  turned  away.  Some  tool- 
makers  prefer  to  braze  the  stone  in  position,  and  while  this 
method  no  doubt  holds  the  stone  firmly  in  place,  the  heat 
necessary  to  melt  the  spelter  is  liable  to  crack  the  stone. 
However,  as  this  method  of  brazing  stones  in  place  is  often 
used  by  reliable  manufacturers  there  certainly  is  some 
authority  for  , employing  it.  The  process  consists  of  filling 
the  hole  about  half-full  of  spelter  and  flux,  and  when  it  has 
reached  a  molten  state  the  stone  is  pressed  in  place,  which 
causes  the  spelter  to  rise  in  the  hole,  thus  forming  a  matrix 
that  grips  the  stone  firmly.  It  may  he  well  to  add  that  the 
work  should  under  no  circumstances  be  cooled  in  water,  as 
the  sudden  contraction  of  the  diamond  will,  in  many  cases, 
cause  it  to  fracture. 

Even  the  hardest  stones  will  wear  flat,  in  time.  Thus  it 
is  necessary  to  reset  them  occasionally,  which  brings  a  new 
cutting  edge  in  position.  This  is  done  by  turning  the  stone 
upside  down  or  canting  it  sideways.  The  holder  shown  in 
Fig.  4  accomplishes  this  end  in  a  very  simple  manner.  It 
consists  of  an  auxiliary  plug  in  which  the  stone  is  mounted, 
fitting  in  a  hole  the  axis  of  which  is  at  a  slight  angle  with  that 
of  the  main  holder.  The  plug  is  held  in  place  by  a  set-screw. 
When  the  stone  becomes  flattened  the  plug  is  turned  slightly, 
which  brings  a  new  cutting  edge  in  position.  This  device  is 
covered  by  patents  and  it  is  not  public  property. 

Care  should  be  exercised  wliile  using  a  diamond  as  an 
undue  strain  caused  by  gouging  it  into  the  wheel  often  results 
in  tearing  the  stone  from  its  setting,  in  which  event  it  is 
generally  lost.  In  truing  wheels  on  cylindrical  grinding 
machines  water  should  always  be  used  to  keep  down  frictional  、 
heat  and  several  light  cuts  are  to  be  preferred  to  a  few  heavy 
ones.  It  is  hardly  necessary  to  state  that  the  tool  should 
never  be  guided  by  the  hands,  as  it  is  impossible  to  do  a  satis- 
factory job  in  this  manner.  Nearly  all  grinding  machines  are 
equipped  with  suitable  holders  to  accommodate  truing 
devices,  and  they  should  always  be  used.  The  device  illus- 
trated in  Fig.  5  is  excellent  for  truing  wheels  on  surface- 
grinding  machines.  It  is  very  simple,  consisting  of  a  diamond 
set  in  a  bolder  1  Am.  long,  which  is  fastened  in  a  block  of  cast 
iron  by  a  set-screw.  It  can  be  held  on  a  magnetic  chuck  or 
clamped  in  the  vice.  For  truing  wheels  on  various  types  of 
small  cutter  grinding  machines  an  angle  iron,  as  shown  in 
Fig.  6，  gives  good  results.  The  diamond  holder  is  fastened 
by  a  set-screw,  and  the  angle  iron  is  clamped  to  the  platen  of 
the  machine  by  a  strap,  bolt,  or  other  convenient  means. 

We  are  sometimes  inclined  to  look  askance  at  ordinary 
emery  wheel  dressers  in  connection  with  wheels  for  precision 
grinding,  but  under  certain  limited  conditions  they  are  pro- 
ductive of  excellent  results.  In  ordinary  cylindrical  grinding 
it  is  customary  to  rough  out  several  hundred  pieces  before 
taking  any  finishing  cuts,  and  as  we  are  removing  stock  only, 
paying  absolutely  no  attention  to  finish,  all  that  we  desire  is 
a  fast-cutting  wheel.  In  cases  of  this  kind  a  few  emery  wheel 
cutters  inoiinted  in  a  holder,  as  shown  in  Fig.  7，  will  prove  a 
revelation  to  the  man  who  has  never  used  them.  They  keep 
the  wheel  rough  and  free  cutting,  which  is  just  the  condition 
required.  For  truing  tlie  wheels  used  on  large  surface-grind- 
ing machines  a  holder,  as  shown  in  Fig.  8，  will  be  found  a 
valuable  accessory.  It  should  be  provided  witli  slots  for 
clamping  it  in  place.  On  a  magnetic  chuck,  however,  the 
force  of  the  magnetism  is  sufficient  to  keep  the  liolder  in 
place.  It  must  be  borne  in  mind  that  cutters  of  this  kind  are 
practicable  for  roughing  wheels  only,  but  when  we  stop  to 
consider  that  even  a  comparatively  small  diamond  costs 
several  dollars,  whereas  a  set  of  emery  wheel  cutters  can  be 
purchased  for  a  few  cents,  tlieir  merits  are  well  worth 
consideration. 
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SCIENTIFIC  AND  INDUSTRIAL  RESEARCH, 

K lorouT  OF  TUK  Advisory  Council. 
/'n'  (/(H'f  rn  nu  nf    .  I  ctifm    in    t/ir    P/  f  st  //  f    ( V  //////  //. -- 

Cert  ain  events  which  precoded  t  he  estal)lislmuMil  of  I  iio 
Council  ;ire  wort hy  of  record  because  t  hey  are  now  seen  to 
have  H  goiieral  significance  which  was  not  realised  at  the  time. 
As  early  as  1 900  the  Government  had  taken  an  important 
step  in  the  encouragement  of  organised  scientific  support  for 
our  trades  and  industries.  The  National  Physical  Laboratory 
was  then  established,  with  the  assistance  of  a  grant  from  the 
Treasury,  under  the  control  of  the  Royal  Society,  and  opened 
in  1902  by  His  Majesty  the  King,  then  Prince  of  Wales.  The 
Government  made  its  first  modest  capital  grant  of  £13,000  for 
the  buildings  and  equipment  of  the  laboratory,  and  an  annual 
allowance  for  maintenance  of  £4,000  for  five  years.  The 
laboratory  has  done  and  is  doing  most  valuable  work  for  our 
industries  and  for  the  Government,  and  it  might  have  done 
much  more  had  it  been  endowed  with  anything  like  the  annual 
subvention  of  nearly  £100,000  which  the  American  Bureau  of 
Standards  receives  for  development,  and  maintenance  from  the 
United  States  Government.  But  we  think  experience  has 
shown  that  no  single  institution,  however  great  or  distin- 
guished, can  expect  to  do  more  than  a  part  of  all  that  our  vast 
industries  require. 

Although  not  dealing  with  research  in  the  strict  meaning 
ot  the  term,  the  work  of  the  Engineering  Standards  Committee 
deserves  mention  in  this  connection  because  the  Government 
early  recognised  its  value,  and  because  the  Committee  brought 
about  co-operation  of  a  valuable  kind  between  the  firms  in  the 
several  branches  of  the  industry  and  undoubtedly  prepared  the 
way  for  valuable  research.  The  Treasury  contributes  to  the 
expenses,  and  the  Indian  Government,  which  made  a  grant  in 
1 903,  pays  for  the  cost  of  preparing  reports  on  subjects  affect- 
ing India. 

Similarly,  the  Imperial  Institute,  established  originally  in 
order  to  co-ordinate  and  distribute  information  bearing  on 
trade,  has  since  undertaken  scientific  research  related  to 
industry.  The  Institute  was  founded  in  1887  in  honour  of 
the  Jubilee  of  Queen  Victoria,  but  was  reconstituted  and 
transferred  to  the  Government  by  Act  of  Parliament  in  1902. 
But  neither  the  Imperial  Institute  nor  the  National  Physical 
Laboratory  have  experienced  either  the  burden  of  work  or  the 
large  subsidies  which  would  have  followed  on  a  general  recog- 
nition that  their  activities  were  necessary  to  the  national 
welfare. 

A  further  important  stage  in  the  realisation  of  the  national 
needs  was  marked  by  the  foundation  in  1907，  under  a  Royal 
Charter,  of  the  Imperial  College  of  Science  and  Technology, 
'( to  give  the  highest  specialised  instruction  and  to  provide  the 
fullest  equipment  for  the  most  advanced  training  and  research 
in  various  branches  of  science,  especially  in  its  application  to 
industry."  The  Imperial  College  was  in  large  part  a  national 
effort,  for  the  Government  transferred  to  the  new  College  its 
own  Royal  College  of  Science  and  Royal  School  of  Mines, 
together  with  an  annual  subsidy  of  £30,000  a  year,  and  the 
Commissioners  of  the  1851  Exhibition  made  a  large  grant  of 
land  at  South  Kensington. 

Yet  the  growth  in  the  endowment's,  the  income,  the  number 
of  departments,  and  the  students  of  this  great  foundation  still 
left  much  to  be  done  in  other  directions.  Other  machinery 
and  additional  State  assistance  were  absolutely  necessary  in 
order  to  promote  and  organise  scientific  research  with  a  view 
to  its  application  to  trade  and  industry,  but  it  needed  the 
shock  of  the  great  war  to  make  the  need  manifest.  The  out- 
break of  war  found  us  unable  to  produce  at  home  many 
essential  materials  and  articles.  We  were  making  less  than 
a  couple  of  dozen  kinds  of  optical  glass  out  of  over  a  hundred 
niade  by  our  enemies.  We  could  hardly  make  a  tithe  of  the 
various  dye-stuffs  needed  for  our  textile  industries  with  an 
annual  output  worth  over  £250,000,000  a  year.  We  were 
dependent  on  Germany  for  magnetos,  for  countless  drugs  and 
])liarmaceutical  preparations,  even  for  the  tungsten  used  by 
our  great  steel  makers,  and  for  the  zinc  smelted  from  the  ores 
which  our  own  Empire  produced. 

The  GovernjNf  itf  Scheme, ― When,  in  May,  1915，  the 
Presidents  of  t.lie  Boards  of  Trade  and  of  Education  received 
a  deputation  from  the  Royal  Society  and  other  learned  socie- 
ties specially  interested  in  the  various  branches  of  chemistry. 


ur""ng  ''  Governinent,  assist  aiicc  j'or  sricnl  ifu!  research  •  for 
indust  rial  purpoHes,  the  esiahlishrrieiii  of  closer  relat  ioiiH 
between  the  riiaiiu I'acturers  and  scientific  workers  and  teachers, 
ami  the  est al)lish»neiit  of  a  National  Chemical  Advisory  Corn- 
miUee  for  these  purposes,"  the  two  Presidents  were  in  a 
position  io  announce  that  the  Government,  had  decided  to 
establish  machinery  with  wider  powers  lhan  had  })een  sug- 
gested, so  as  to  make  it  possible  to  encourage  research  not  only 
in  chemical  but  in  all  other  sciences  afTec'tiii^  industry.  A 
week  later,  in  introducing  the  Board  of  Educaiiou  eslirnates 
in  the  House  of  Commons,  Mr.  Pease  announced  t he  impend- 
ing appointment  of  an  Advisory  Council  specially  entrusted 
with  the  supervision  and  encouragement  of  scientific  research, 
particularly  in  relation  to  industry.  On  both  occasions  he 
explained  that  the  Goveriinient  intended  to  deal  with  this 
problem  as  an  integral  part  of  a  comprehensive  improvement 
in  our  educational  system  which  the  Board  of  Education  had 
in  prospect.  In  June  the  Liberal  Government  made  way  for 
the  present  Coalition  Ministry,  and  in  July  the  new  President 
of  the  Board  of  Education,  Mr.  Arthur  Henderson,  issued  a 
White  Paper  [Cd.  8005],  describing  the  Government  s  "Scheme 
for  the  organisation  and  development  of  scientific  and  indus- 
trial research.*'  The  Order  in  Council  already  referred  to, 
which  established  the  Committee  of  the  Privy  CQuncil  for 
Scientific  and  Industrial  Research  and  the  Advisory  Council, 
was  issued  on  July  28th,  and  the  Advisory  Council  met  for  the 
first,  time  on  August  17th,  1915.  Since  that  date  they  have 
held  16  meetings,  as  well  as  numerous  meetings  of  committees. 
The  President,  in  the  White  Paper,  had  pointed  out  that  the 
object  of  the  Government  was  "  to  establish  a  permanent 
organisation  for  the  promotion  of  industrial  and  scientific 
research/'  which  would  operate  over  the  kingdom  as  a  whole 
and  utilise  the  most  effective  means  to  the  end  in  view,  irre- 
spective of  their  locality.  Since  science  and  industry  were  both 
indifferent  to  political  boundaries,  a  single  fund  for  the  good 
of  the  United  Kingdom  as  a  whole  was  entrusted  to  a  single 
authority 一 a  Special  Committee  of  the  Privy  Council.  The 
State  had  thus  recognised  the  necessity  for  organising  the 
national  brain  power  in  the  interests  of  the  nation  at  peace. 

The  Method  of  A  /jj/roach. —一 The  Council  decided  to  give 
science  in  its  applications  to  industry  precedence  over  pure 
science  in  their  deliberations.  The  Council  realise  that,  they 
have  to  deal  with  the  practical  business  world,  in  whose  eyes 
a  real  distinction  seems  to  exist  between  pure  and  applied 
science.  The  average  manufacturer  is  impressed  with  the 
importance  of  quick  returns.  He  cannot  afford  to  wait.  Such 
quick-result  enquiries  as  the  manufacturer  is  induced  to  make 
are  very  likely  to  be  fruitless  and  to  reduce  his  enthusiasm  for 
science  still  further.  She  finds  too  few  suitors  in  our  industries, 
for  she  is  a  mistress  who  reserves  her  favours  for  a  complete 
and  single-hearted  devotion. 

But  there  was  another  consideration  which  alone  would 
have  compelled  the  Council  to  begin  with  research  of 
directly  industrial  application.  The  Universities,  which  are 
the  natural  homes  of  research  in  pure  science,  have  been  so 
depleted  of  both  students  and  teachers  by  the  war  that  they 
are  barely  able  to  continue  their  routine  work,  and  can  com- 
mand at  the  moment  neither  the  leisure  nor  the  detaclmient  of 
spirit  that  are  essential  conditions  of  original  research. 
Enquiries  we  have  recently  made  in  the  hope  that  we  might  be 
able  to  help  individual  investigators  at  the  Universities  to 
increase  their  output,  have  convinced  us  that  any  effective 
encouragement  of  research  in  pure  science  must  await  the 
return  of  peace. 

How,  then,  were  the  Council  to  proceed  ？  On  the  one 
hand,  the  war  had  greatly  reduced  the  number  of  workers 
available  for  research  of  any  kind.  On  the  other,  every 
consideration  of  urgency  pointed  to  concentration  on  the 
field  of  industrial  research,  both  as  the  best  means  of 
enlisting  the  co-operation  of  the  manufacturers,  without 
which  no  Government  scheme  could  succeed,  and  as  the 
quickest  way  of  preparing  for  the  trade  conditions  likely 
to  arise  after  the  war.  In  these  circumstances  the  Council 
might  have  concentrated  all  their  energies  upon  the  rapid 
initiation  of  one  or  two  far-reaching  proposals  likely  to 
attract  wide  attention  and  designed  to  improve  the  outlook 
in  one  or  other  of  our  greatest  industries.  But  the 
problems  with  which  we  have  to  deal  are  not  susceptible 
of  rapid  a:、d  dramatic  solution.    The  successful  organisation 
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of  research  on  a  national  scale  is  likely  to  take  longer  than 
the  establishment  of  a  good  works  laboratory — a  long  business 
at  best .  The  only  hopeful  lin^  of  net  ion  appeared,  therefore, 
to  involve  a  period  of  careful  oiujuirv  ； iiul  consultation, 
followed  by  a  gradual  ami  systetnal  ic  attack  upon  a  wide  ami 
carefully  selected  front. 

(*7)  .4  id  to  h\rlsti//f/  ]if>iearrhf.<, —— Our  first  enquiries 
showed  that  there  were  certain  researches  being  conducted  or 
directed  by  professional  associations  in  the  period  preceding 
the  war,  whicli  stood  in  grave  jeopardv  of  enforced  abandon- 
ment. These  investigations  liad  been  paid  for  by  the  voluntary 
contributions  of  several  great  engineering  and  other  pro- 
fessional societies,  and  thus  carried  with  them  the  best 
guarantees  of  their  necessity  and  effectiveness.  The  Council 
decided,  therefore,  to  save  as  many  of  these  derelict  researches 
as  possible,  and  accordingly  recommended  the  payment  of 
series  of  grants  to  the  societies  concerned, 

(/>)  Confert'/ices  iri/h  /V"/,  、.-、 八〃 /"/ 《w(l  other  Societies. — 
The  chairman  and  other  officers  of  the  Council  have  inter- 
viewed representatives  not  only  of  the  Royal  Society  and  the 
Chemical  Society,  but  of  all  the  principal  engineering  socie- 
ties throughout  Great  Britain,  and  Prof.  McClelland 
has  had  similar  interviews  with  the  corresponding 
associations  in  Ireland.  Other  important  professional  socie- 
ties, such  as  the  Institute  of  Chernistry,  the  Society 
of  Chemical  Industry,  the  Society  of  Public  Analysts,  the 
Society  of  Dyers  and  Colon rists,  the  Royal  Institute  of 
British  Architects,  the  Faraday  Society,  and  several 
trade  associations,  such  as  the  British  Electrical  and  Allied 
Manufacturers*  Association,  the  Silk  Association,  the 
Staffordshire  Pottery  Manufacturers'  Association,  the  Federa- 
tion of  Master  Printers,  have  been  interviewed — in  all  cases 
with  gratifying  results.  We  have  noticed ― what,  indeed,  is 
well  known ― that  in  the  main  the  most  highly-organised 
industries  are  those  which  have  made  most  use  of  scientific 
research,  and  are  consequently  most  ready  for,  thougli  possibly 
not  most  in  need  of,  the  encouragement  it  is  our  duty  to 
afford.  Tlie  engineering  trades,  with  their  attendant  group 
of  distinguished  professional  societies,  have  long  been  alive  to 
the  need  and  value  of  scientific  research,  while  the  chemical 
trades  for  the  most  part  are  so  divided  and  individual  in 
outlook  that  the  various  professional  societies  have  had 
neither  the  influence  nor  the  means  necessary  to  enable  them 
to  take  any  large  share  in  promoting  research  in  connection 
with  those  industries.  The  textile  trades,  highly  organised  as 
they  are  on  the  economic  side,  had  made  even  less  progress 
in  the  systematic  use  of  science.  They  had  been  content  for 
the  most  part  to  leave  science  to  the  dyers  and  the  dye-stuff 
manufacturers,  or  to  the  engineers  who  supplied  tliem  with 
Tnaclunery,  without  much  care  in  either  case  as  to  their 
nationality.  The  paper  manufacturers  were  in  n.uch  the  same 
position.  But  now  tliere  are  signs  of  a  change,  and  already 
textile  research  into  the  electrification  of  fibres  during  manu- 
facture is  proceeding  at  tlie  University  of  Leeds  with  funds 
provided  bv  the  Textile  Institute,  and  proposals  are  before 
the  Council  for  fundamental  researches  into  tlie  cellulose  fibres 
which  form  the  hasic  material  of  the  cotton  and  paper  trades. 

{c)  lief/hfer  of  Jie.^earche-^. —— While  these  enquiries  and 
interviews  were  taking  place  the  Council  had  invited  the 
assistance  of  the  universities  and  technical  colleges  of  the 
couniry  in  the  formation  of  a  register  of  researches  actually 
being  conducted  on  the  outbreak  of  the  war.  Together  with 
llie  name  of  the  worker  and  the  subject  of  the  research,  tlie 
register  gives  tlie  date  of  its  beginning,  and,  if  it  has  been 
temporarily  suspended,  the  cause  of  it's  abandonment.  In 
collecting  these  particulars  from  the  technical  schools  and 
colleges  we  have  been  greatly  assisted  hy  the  inspectors  of 
tlie  Board  of  Educalion.  It  is  not  enough,  however,  to  know 
what  original  work  is  going  on,  who  is  d oinK  it,  or  where  it 
is  being  done.  A  careful  survey  is  needed  of  the  amount 
and  the  character  of  the  provision  made  in  our  higher  educa- 
tional institutions  for  research  work.  We  are  accordingly 
bet(inning  such  a  survey  as  part  of  our  preparatory  arrange- 
ments for  a  systematic  programme  of  aid  to  individual 
researchers.  We  describe  these  initial  steps  below.  It  is 
hoped  that  tlie  register  will  enable  suiial)le  workers  to  be 
rapidly  found  when  proposals  for  special  lines  of  enquiry 
come  before  tlie  Council,  and  ill  at  a  survey  of  the  directions  in 
wliich  research  is  now  proceeding  in  our  universities  and 
colleges  may  enable  tlie  Council  to  make  helpful  suggestions 


to  individual  workers  from  time  to  time,  as  the  need  for 
research  in  particular  directions  becomes  apparent. 

We  also  have  under  consideration  the  possibility  of  induc- 
firms  in  some  at  least  of  our  industries  to  assist  the  pro- 
gress of  research  by  informing  us  in  confidence  of  the  problems 
tliey  have  in  hand  or  in  contemplation.  We  appreciate  the 
difficulties  involved  in  an  attempt  to  systematise  the  inter- 
change, between  manufacturers,  of  knowledge  and  experience 
often  jnircliased  at  great  cost,  or  to  proceed  more  rapidly  than 
the  best  opinion  would  approve,  or  to  anticipate  those  condi- 
tions ill  the  home  or  foreign  marhets  which  would  make  a 
pooling  of  knowledge  advantageous.  But,  broadly  speaking, 
we  think  that  any  assistance  that  tlie  industries  or  even  indi- 
vidual firms  can  give  us,  from  their  accumulated  experience, 
in  })ringing  science  to  bear  rapidly  upon  manufacturing 
problems  will  be  of  benefit  to  the  trade  as  a  whole,  and 
indirectly,  if  not  directly,  of  advantage  to  each  manufacturer. 

{{])  A  id  to  Eesearch  in  Educational  Itisflfufions, —— Among 
the  duties  assigned  to  the  Council  in  the  White  Paper  (para- 
graph 6)  is  the  formulation  of  proposals  for  the  establishment 
and  award  of  Research  Studentships  and  Fellowships.  We 
welcome  for  this  reason  the  comprehensive  and  interesting  dis- 
cussion of  tlie  whole  question  of  stimulating  an  adequate 
supply  of  trained  students,  which  is  contained  in  the  recent 
interim  report  of  the  Consultative  Committee  of  the  Board  of 
Education,  and  we  propose  to  study  this  report  carefully  before 
making  any  reconinieudations  of  our  own.  But  it  is  evident 
that  no  such  scheme  can  be  effective  at  the  present  moment. 
Yet,  short  of  a  definite  scheme,  it  still  seemed  possible  to  make 
tentative  experiments  by  way  of  aid  to  individuals  and  in  the 
process  to  gather  experience  and  suggestions  for  future 
guidance.  The  Vice-Chancellors  and  Principals  or  Deans  of 
Faculty  were  accordingly  asked  to  consult  the  heads  of  their 
several  departments  and  to  submit  proposals,  bearing  in  mind 
tlie  intentions  of  the  Council  as  described  above,  and  making 
it  clear  that  with  the  heads  of  the  departments  and  not  with 
the  Senates  or  Faculties  or  other  University  authorities  would 
rest  the  responsibility  for  the  recommendations  put  forward. 
It  was  also  explained  that  in  no  case  would  the  Council  recom- 
mend a  grant  if  in  the  result  the  funds  of  the  university  or 
college  ordinarily  available  for  teaching  or  research  were 
relieved.  The  Council  have  only  been  able  to  recommend 
grants  to  some  40  individuals,  amounting  in  all  to  a  sum  not 
exceeding  £6,000. 

We  have  already  made  it  clear  that  in  our  view  research 
in  pure  science  should  be  as  nrnch  our  care  as  research  in 
applied  science.  It  is  the  necessary  precedent  of  all  indus- 
trial applications,  and  the  universities  are  peculiarly  fitted  to 
pursue  it',  though  it  is  not  possible  to  do  much  in  this  direc- 
tion during  the  war.  We  realise  to  the  full  the  importance  of 
consultation  with  tlie  Board  of  Education  and  the  Scotch 
Education  Department  in  all  matters  which  may  affect'  the 
universities,  and  we  are  working  in  close  co-operation  with 
these  departments.  But  the  nature  of  our  work  inevitably 
brings  us  into  direct  contact  with  the  universities  and  higher 
technical  colleges,  and  we  think  tliat  as  our  relations  with 
lliese  institutions  grow  closer  and  more  continuous,  we  may 
be  able  to  call  the  attention  of  both  students  and  teachers  to 
many  interesting  problems  in  industrial  research,  of  which 
we  shall  become  aware  in  the  course  of  our  own  work,  and 
that  individual  members  of  the  Council  and  their  Standing 
Comnnttees  may  come  to  be  taken  into  counsel  as  to  possible 
lines  of  research.  If  this  hope  is  fulfilled,  we  may  help  to 
luring  more  reality  into  those  academic  laboratories  which 
are  now  much  dominated  by  the  text-book  and  the  syllabus 
of  examination,  and  so  encourage  a  better  professional  train- 
ing for  chemists,  physicists,  and  other  men  of  science.  At  the 
same  time  we  recognise  that  there  is  a  danger  in  bringing 
technical  problems  too  pressingly  to  the  notice  of  teachers  and 
students  in  educational  institutions.  We  must  not  tempt 
those  capable  of  making  advances  in  natural  knowledge  to 
abandon  their  austere  studies  for  tlie  sake  of  solving  temporary 
and  local  teclniical  problems.  Still  less  must  students  be 
encouraged  to  take  up  such  questions  except  as  stimulating 
incidents  in  tlieir  general  training.  On  tlie  other  hand,  pure 
science  lias  in  the  past  owed  much  to  observations,  suggestions, 
and  difficulties  which  have  come  from  activities  external  to 
tlie  laboratory  or  study.  So  will  it  be  again,  and  it  is  our 
desire  so  to  order  the  relations  of  workers  in  pure  science  to 
the  industries  going  on  around  them  that  they  may  receive 
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the  stimulus  of  a  wider  outlook  than  is  always  attainable 
uiulor  the  liinil at ioiis  of  an  acjulouiic  system  of  syllabus  ami 
examination.  In  t  liis  way  "  may  he  possible  in  t lie  oikI  to 
create  siirli  an  atiiiospliore  (hat  the  now  gi>m、i'atio"  ot*  stiulenls 
will  cease  to  draw  a  distinction  between  "  theory  "  and 
" practice,''  and  technologists  of  all  n'nks  will  t lirougli  tlieni 
iiltaiii  to  the  view  that  sound  practice  is  only  theory  tempered 
by  conipi'oniise. 

(r)  Foniattioii  of  St<ui<fhnj  Cot/n/ilffrcs. —— We  liave 
already  remarked  upon  the  relatively  liigh  organisation  of 
the  engineering  profession  in  relation  to  the  several  brandies 
of  the  engineering  industry.  One  result  of  this  satisfactory 
condition  has  been  that  a  iiunibe''  of  researches  bearinf^  on 
industrial  engineering  problems  was  already  in  progress  l)eforc 
tlu、  establisluneiit  of  the  Council.  Another  result  is  that  a 
considerable  number  of  applications  for  aid  to  new  researches 
was  received  immediately  we  got  into  touch  with  the  \n'o- 
fessional  bodies  connected  with  these  great  trades.  These 
facts  and  the  representations  of  the  societies  urging  tlie 
estfiblishment  of  stronger  machinery  for  dealing  with  the 
manifold  aspects  of  engineering  research  convinced  the  Council 
at  an  early  date  that  they  must  proceed  at  once  in  accordance 
with  paragraph  8  of  the  White  Paper  to  set  up  a  series  of 
strong  standing  committees  to  assist  them  in  surveying  the 
field  of  research,  in  constructing  panels  of  referees,  and  in 
dealing  with  the  applications  for  grants.  The  five  great  engi- 
neering societies ― the  Institutions  of  Civil,  Mechanical,  and 
Electrical  Engineers,  the  Iron  and  Steel  Institute,  and  the 
Institution  of  Naval  Architects— submitted  a  petition  to  the 
Privy  Council,  and  were  later  received  by  the  Lord  President 
in  deputation,  urging  that  the  Advisory  Council  should  be 
enlarged  by  the  inclusion  of  representatives  of  the  several 
branches  of  engineering.  But  steps  had  already  been  taken  to 
establish  the  standing  committees  referred  to,  and  the  Lord 
President  suggested  in  his  reply  that  the  present  small  Coun- 
cil, with  a  number  of  strong  representative  committees  grouped 
round  and  supporting  it,  should  be  given  a  fair  trial.  The 
societies  thereupon  submitted  their  nominations  to  the  Advi- 
sory Council,  and  we  desire  to  express  our  recognition  of  the 
promptitude  and  zeal  with  which  all  the  societies  concerned 
have  set  themselves  to  make  the  new  Standing  Committees  a 
success. 

Three  Standing  Committees  have  already  been  set  up 一 a 
Committee  on  Metallurgy,  under  the  chairmanship  of  Sir 
Gerard  Muntz,  Bart.,  with  special  sections  for  ferrous  metal- 
lurgy, under  the  chairmansiiip  of  Sir  Robert  Hadfield,  and  for 
non-ferrous  metallurgy  with  Sir  Gerard  Muntz  as  chairman  ； 
a  Committee  on  Engineering,  under  the  chairmanship  of  Sir 
Maurice  Fitzmaurice  ；  and  a  Committee  on  Mining,  under  the 
chairmanship  of  Sir  William  Garforth,  with  a  section  on  the 
mining  of  iron,  coal,  and  hydrocarbons  under  the  same  chair- 
manship, and  a  section  on  the  mining  of  minerals  other  than 
iron,  coal,  and  hydrocarbons,  with  Mr.  Edgar  Taylor  as 
chairriiaii. 

E^ch  of  the  Committees  consists  of  about  15  members,  ot" 
whom  approximately  half  have  been  nominated  by  the  profes- 
sional societies  concerned,  the  remainder  being  appointed 
directly  by  the  council.  The  Coininittees  were  appointed  in 
the  first  instance  for  the  period  of  one  year  in  order  to  facili- 
tate any  changes  in  constitution  or  terms  of  appointment  that 
experience  might  suggest.  The  terms  of  reference  are  as 
follows  ： ― 

The  Committee  will  meet  from  time  to  time  and  advise  the 
Council  on  researches  relating  to  engineering— or  iniriiug  or 
metallurgy,  as  the  case  may  be 一  and  on  sucli  matters  as  may 
be  referred  to  the  Coinniittee  by  the  Advisory  Council. 

Members  of  the  Coinniittee  will  also  be  invited  to  act  as 
expert  advisers  in  the  formation  of  special  committees  of  the 
Advisory  Council  to  consider  individual  applications  for  grant 
in  aid  of  researches.  In  the  formation  of  such  committees  the 
Chairman  of  the  Advisory  Council  will  consult  with  the  Chair- 
man of  the  Committee  or  Sect-ion  concerned,  and  with  those 
of  its  members  wlio  are  specially  conversant  with  the  subject 
ot"  t  lie  proposed  research. 

The  Council  hope,  with  the  assistance  of  their  Standing 
Co!iiinittees,  the  Professional  Societies,  the  Home  Office,  and 
the  Board  of  Trade  gradually  to  construct  ])anels  of  names 
wliicli  will  enable  them  to  ol)i.ain  the  very  best  advice  on  1  ho 
diirereiit  aspects  of  the  problems  they  are  called  U])on  to  solve. 
The  advice  thuy  need  may  be  coniniercial,  economic,  financial, 


or  scieniific.  The  hesi  opinion  in  all  Miohc  sj)herc8  will,  it  is 
hoped,  l)e  available  on  1  lie  ])aiielH  I'or  I  lie  ^nudaiice  oi'  the 
Council  and  t  lioir  Standing  CommitloeH,  and  will  ciisuro  t  \w. 
coidideiice  of  t  lie  iiulust  l  ies  (； oucei  iied  t  hat  the  si  (^ps  profx^sccl 
haw  been  considered  in  all  their  aspects. 

(/)  Of/irr  St(nu/in(/  ('o /n //nitres  in  donff  tn phUtoii.-  -  I'ln! 
Council  realise  that  the  number  and  scope  of  the  Slandini^^ 
Committees  will  need  extension  from  time  to  time,  bui,  llic 
absence  of  strong  professional  societies  working  in  conjunction 
wit  li  the  other  scientific  industries  in  this  country  makes  iL 
inadvisable  to  proceed  hastily  in  so  important  a  matter.  In 
particular  the  organisation  of  the  Council's  machinery  for  the 
manifold  chemical  industries  needs  cautious  handling  in  the 
iirst  instance.  Up  to  the  present  we  have  dealt  with  such 
questions  as  we  have  been  able  to  approach  by  means  of  small 
Special  Committees  of  the  Council  itself,  which  have  been 
empowered  to  consult  other  persons  as  occasion  arose  ；  but  a  I 
best  this  must  be  a  temporary  expedient.  It  seems  unlikely 
that  a  single  Chemical  Coinniittee,  with  the  large  number  of 
special  sections  that  would  be  necessary,  could  usefully  be 
established  at  the  present  moment,  and  we  are  disposed  to 
think  that  a  series  of  Standing  Coniniittees  dealing  with  pai'_ 
ticular  branches  of  the  chemical  trades  m  ay  be  the  better 
manner  of  proceeding.  A  Standing  Committee  on  Fuel  may 
be  necessary  ；  possibly  another  for  rubber,  and  a  third  for  the 
chemistry  of  cotton  and  paper.  A  Standing  Com niittee  for 
Textiles,  with  special  sections  for  cotton,  wool,  and  silk,  is 
also  likely  to  be  needed  before  long. 

Parulhl  Movf  mfiits  in  the  World  of  Svicnvt  and  I  ltd  usf  rif. 
― The  action  of  the  Government  in  setting  up  the  new  machi- 
nery for  the  encouragement  of  research  was  accompanied,  if 
not  instigated,  by  vigorous  discussion  and  debate  in  the  public 
press  and  the  learned  societies.  The  useful  work  which  the 
Royal  Society  has  done  for  the  Government  during  the  war 
by  means  of  a  series  of  special  committees,  and  the  attempts 
of  societies  such  as  the  Cliemical  Society  and  the  Society  of 
Chemical  Industry  to  arouse  an  interest  in  the  application  of 
science  to  industry  and  the  importance  of  organised  effort  led 
the  Royal  Society  to  establish  a  Board  of  Scientific  Societies. 

The  British  Science  Guild,  which  has  clone  much  in  recent 
years  to  impress  upon  the  nation  the  necessity  for  scientific 
organisation,  has  put  forth  an  emphatic  manifesto  on  the 
importance  of  science  and  the  need  of  educational  reform.  The 
Teachers'  Guild  has  appointed  an  Education  Reform  Council, 
including  representatives  of  science,  industry,  and  commerce, 
while  Sir  Ray  Lankester  formed  a  Committee  on  the  Neglect 
of  Science  to  deal  with  science  in  the  public  schools,  the  older 
universities,  and  the  examinations  for  the  Civil  Service.  The 
professors  of  the  Imperial  College  have  presented  to  the  Lord 
President,  as  Chairman  of  their  Governors,  a  memorial  deal- 
ing comprehensively  with  the  need  for  a  national  policy  and 
for  a  lai'ger  output  of  trained  men  of  science. 

But  the  movement  has  not  been  confined  to  professors  and 
to  scientific  men.  The  practical  man  of  business,  the  manufac- 
turer, ami  the  trader  have  been  as  anxious  and  interested  as 
any.  It  is  not  to  be  wondered  at,  for  they  were  the  first  upon 
whom  the  significance  of  a  state  of  war  was  forced.  In  the 
early  months  of  the  war  the  great  steel  manufacturers  were  in 
grave  danger  from  the  possible  exhaustion  of  the  supply  of 
chemical  glass  necessary  for  the  testing  of  their  materials  and 
products.  The  consulting  chemists  were  in  the  same  case,  and 
the  Board  of  Education  instituted  a  census  of  all  the  chemical 
glass  available  in  the  educational  institutions  of  the  country 
in  view  of  the  possible  need  for  its  requisition.  The  Institute 
of  Chemistry  accordingly  set  up  a  Glass  Research  Committee 
under  the  late  Prof.  Meldola,  an  original  member  of  our 
Council,  and  so  enabled  Prof.  Herbert  Jackson  to  indicate  t!ie 
detailed  process  of  inanufacturing  a  miniber  of  special  glasses, 
wliic'h  were  rapidly  produced  by  progressive  firms.  At  this 
point,  when  the  Institute  had  reached  tlie  end  of  its  resources, 
the  Advisory  Council  were  able  to  assist  the  production  of 
further  glasses. 

The  pottery  rnanutact urers  were  hit  in  another  way.  The 
supply  of  Seger  cones,  necessary  as  a  guide  to  the  firing  of 
their  china  and  eartlienware,  was  cut  off  by  the  war,  and  they 
were  threatened  with  closure  from  this  and  other  causes,  but 
Dr.  Mellor,  the  Principal  of  the  Stoke  Pottery  School,  w;jh 
able  rapidly  to  su])ply  tlie  need  and  to  manufacture  sufficient 
cones  for  the  whole  pottery  trade.  This  incident,  however, 
and  Dr.  Mellor's  lesearclies  into  the  making  of  porcelain  for 
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chemical  ware  and  pvrortieter  tubes ― an  investigation  also 
undertaken,  and  wit h  considerable  success,  by  Messrs.  Doulton, 
of  Lambeth,  and  the  Koyal  Worcester  Porcelain  Company  — 
suggested  to  the  Stoke  potters  the  possibility  of  remedying  the 
dangerous  position  of  their  whole  industry.  The  years  before 
the  war  had  seen  the  gradual  exclusion  of  both  earthenware 
and  the  cheaper  kinds  of  bone  china  from  the  world  markets 
bv  the  hard  porcelain  for  domestic  purposes  turned  out  from 
the  continental  factories,  particularly  those  in  Germany  and 
Austria.  Accordingly,  the  Staffordshire  Pottery  Manufac- 
turers' Association,  with  the  Staffordshire  and  Stoke  Local 
Education  Authorities,  appealed  to  the  Board  of  Education  in 
June,  1915,  to  assist  them  by  a  special  grant  for  the  erection 
of  research  laboratories  and  workshops  in  connection  with  the 
Stoke  School.  Their  desire  was  to  devote  the  period  of  the 
war  to  experimentation  in  the  manufacture  of  hard  porcelain 
with  British  materials,  so  as  to  be  in  the  position  to  compete 
with  the  German  and  Austrian  manufacturers  on  their  own 
ground,  and  to  build  up  a  new  and  probably  more  remunera- 
tive trade  in  place  of  the  older  trade  in  earthenware  and  the 
cheaper  sorts  of  bone  china.  The  President  of  the  Board 
received  the  deputation  sympathetically,  and  promised  to 
refer  the  matter  to  tlie  Advisory  Council  immediately  it  was 
constituted.  Thus  one  of  the  first  problems  with  which  we 
had  to  grapple  was  the  whole  question  of  the  right  action  to 
be  taken  in  dealing  with  a  threatened  industry,  and  the  proba- 
bility of  success  in  the  substitution  of  another,  though  related, 
industry  using  different  materials  and  other  processes.  We 
gave  the  matter  our  most  anxious  consideration.  Visits  were 
made  to  the  works  of  manufacturers,  several  important  con- 
ferences were  held  in  Stoke  and  in  London  with  the  various 
parties  concerned,  and  the  School  of  Pottery  was  inspected, 
the  views  of  Dr.  Mellor  and  other  leading  experts  canvassed, 
and  ultimately  the  Council  decided  to  recommend  a  grant  for 
the  erection  of  the  necessary  buildings  and  equipment,  and  an 
annual  grant  towards  the  maintenance  expenditure,  which  is 
estimated  at  some  £2,000  a  year.  The  necessary  land  adjoining 
the  Pottery  School  has  been  found  by  the  authorities  of  the 
school,  an  annual  si"、scription  towards  the  cost  of  the  inves- 
tigation has  been  guaranteed  locally,  and  the  Governors  of  the 
School  of  Pottery  have  placed  Dr.  Mellor's  services  at  the 
disposal  of  a  joint  Research  Committee  of  the  manufacturers 
and  the  Governors.  The  research  will  be  carried  out  by  Dr. 
Mellor  and  Mr.  Bernard  Moore. 

Yet  another  industry  which  has  suffered  much  from  foreign 
competition  is  that  of  silk.  Soon  after  the  establishment  of 
the  Council  the  President  of  the  Silk  Association,  Mr.  Frank 
Warner,  called  upon  the  Chairman  to  enquire  whether  the 
Council  would  be  prepared  to  assist  British  firms  to  conduct 
researches  into  iniportant  problems  affecting  the  industry.  JSir 
William  McCormick  pointed  out  that  it  was  difficult  to  help 
an  industry  unless  the  firms  engaged  in  it  would  associate 
actively  and  co-operate  with  the  Council  in  any  plan  that  held 
out  a  prospect  of  success.  He  also  suggested  that  the  Silk 
Association,  though  formed  for  the  purpose  of  settling  prices, 
might  enlarge  its  scope  to  include  the  prosecution  of  research, 
The  hint  was  accepted,  a  useful  conference  took  place  at  Man- 
chester with  officers  of  the  Council,  the  Association  formed  a 
strong  rej)resentative  Research  Committee,  including  their 
consulting  chemist,  a  carefully  thought-out  prograjTirne  of 
research  was  drawn  up  and  tlie  first'  of  a  long  list  of  problems 
is  now  to  be  attacked  at  tlie  Imperial  College  by  Prof.  Groom 
and  his  stalF. 

(To  he  continued.) 


SHOP  INSTRUCTION  IN  TECHNICAL  SCHOOLS. 

In  the  course  of  a  paper  entitled  "  Shop  Instruction  at  the 
University  of  Illinois,"  read  before  the  Society  for  the  Pro- 
mot  ion  of  Kngineeriiit^  Education,  B.  W.  Benedict  said  that 
iniiidful  of  the  unclouhted  influence  of  tlie  shop  laboratory 
upon  t  iie  development  of  teclmical  education  during  the  past, 
45  years  and  ackiiowledgiii<(  without  reservation  the  value  of 
shop  training,  in  his  opinion  conventional  shop  work  or 
manual  training  no  longer  has  a  place  in  the  curriculum  of 
tlie  tecluiical  school  wliich  seeks  to  prepare  men  for  conditions 
confronting  its  graduates  at  the  present  day.  The  old 
formulas  whicli  served  so  well  in  the  pioneer  days  of  industry 
no  longer  fit  in  t lie  new  order  of  t hiiigs  ami  failure  on  the 


part  of  educators  to  grasp  tlie  significance  of  the  upheaval 
going  on  in  the  industrial  world  would  be  disastrous  to  the 
shop  and  correlative  subjects.  Industry  in  the  past  was 
effective  but  not  efficient.  A  pioneer  product  grown  to 
immense  bulk  on  lines  of  least  resistance  it  knew  very  little 
about  its  complex  structure,  and  was  too  busy  to  find  out. 
Large  markets  not  especially  particular  about  price  demanded 
organisation  for  tonnage  production  rather  than  for  econo- 
mical production.  Highly  specialised  service  was  not  required 
ill  a  large  degree,  nor  was  it  widely  sought. 

An  inevitable  readjustment  to  changing  trade  sociological 
conditions  was  destined,  however,  to  sweep  aside  the  old 
structure  and  supplant  it  with  a  new.  While  the  usual  pro- 
cesses of  evolution  had  brought  about  certain  changes  a  new 
note  ill  industry  was  sounded  in  the  late  eighties,  the  real  effect 
of  which  was  not  apparent  for  nearly  a  score  of  years.  Then 
like  a  wave  "  scientific  management  ，，  swept  over  the  country 
as  the  topic  of  the  moment.  Not  only  industry,  but  society 
as  well,  developed  an  intense  interest  in  this  new  specific  for 
industrial  conditions.  Brushing  aside  all  the  clap-trap  about 
scientific  m  iiiagement  which  has  arisen  through  misunder- 
standing of  its  real  significance  there  stands  the  unmistakable 
fact  that  fundamental  changes  are  taking  place  in  the  indus- 
trial structure.  Principles  whicli  ruled  heretofore  are  giving 
way  to  those  founded  upon  broader  conceptions  and  higher 
ideals.  Accumulation  of  knowledge  concerning  fundamentals 
is  both  rapid  and  wide  in  scope.  The  old  hazy  images  around 
which  industry  has  worshipped  are  going  down  before 
definite  standards  of  attainment,  of  organisation,  of  methods. 
Experience  moulded  on  traditional  lines  is  no  longer  in  such 
demand  as  that  of  the  trained  specialist,  leaving  the  colleges 
110  alternative  but  re-organisation  of  courses  of  training  if  men 
are  to  be  adequately  prepared  for  the  service  which  industry 
now  demands  of  them.  Such  a  re-organisation  presents  its 
difficulties,  but  it  must  come  and  quickly  if  it  is  to  be  effective 

The  relation  between  education  and  industry  is  indis- 
soluble. The  ideals  of  education  are  to  develop  men  into 
better  men,  morally,  mentally,  and  physically  ；  and  if  an 
educational  system  failed  in  this  mission  it  would  pass  into 
decay  as  a  useless  feature  of  society  That  it  does  not  decay 
but  continues  to  exert  an  ever-widening  influence  in  the 
development  of  civilisation  is  a  sign  that  education  has  not 
failed  in  the  practical  achieve. nent  of  its  ideals.  The  conclu- 
sion is  also  obvious  that  education  has  continued  to  meet  the 
ever-changing  demands  of  society.  Side  by  side  with  the 
evolution  in  industry  which  during  the  past  century  has  been 
marked  by  striking  changes  from  old  forms  to  new,  we  see 
equally  significant  developments  in  educational  methods. 
From  the  first,  technical  education  and  those  special  interests 
of  society  it  aims  to  serve  have  enjoyed  a  particularly  close 
relationship.  The  first  has  sought  not  only  to  solve  technical 
problems  by  direct  assistance  in  the  research  laboratory,  but 
also  by  offering  training  to  young  men  for  the  special  ser- 
vices required.  Industry  in  return  has  taken  an  active  interest 
in  education  and  exerted  a  powerful  influence  on  its  develop- 
ment. The  principal  demand  of  industry  on  education  is  that 
it  must,  be  "  practical,"  and  courses  in  shop  work  seemed  in 
large  degree  to  fulfil  this  requirement.  For  40  odd  years  the 
college  shop  has  flourished  in  an  auspicious  environment  due 
to  the  enthusiastic  support  manifested  by  those  interests 
which  contributed  so  generously  to  the  advancement  of  tech- 
nical education.  It  has  performed  a  great  and  useful  service 
and  won  its  right  to  a  place  in  the  higher  institution  of  tech- 
nical education,  but  it  stands  to  lose  that  place  if  early 
traditions  continue  as  the  source  of  inspiration  for  its  activi- 
ties. Originally  the  one  bright  "  practical  ，，  spot  in  a  group 
of  "  theoretical  "  courses,  it  is  now  one  of  the  least  practical 
if  it  offers  no  more  than  the  traditional  form  of  manual 
training.  Performance  of  simple  shop  processes  such  as  have 
been  the  rule  in  these  courses  without  definite  relation  to 
elements  of  time  and  cost  have  little  value  in  the  training 
of  men  who  must  face  modern  industrial  conditions. 
Manipulative  processes  very  properly  have  a  place  in  secon- 
dary school  training,  and  some  acquaintance  with  them  in 
that  environment  is  desirable,  but  the  college  shop  must  aim 
beyond  this  and  administer  courses  relating  to  the  principles 
underlying  the  use  of  these  processes  in  industry.  An  under- 
standing of  the  principles  of  industrial  economics,  of  shop' 
organisation,  of  production,  and  of  executive  control,  is  what 
indiisl  ry  demands  of  college  graduates  to-day. 
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A  HOT  TOP  FOR  INGOT  MOULDS. 

A  HOT  top  for  ingot  iuduKIs,  which  oii 屮 luys  ordinary-size  lire- 
hricks,  is  in  use  at  the  plant  of  tho  Doiuier  Steel  Comi);in>'， 
IhiiYalo,  N.Y.  It  is  the  invention  of  V.  E.  Duncan,  general 
superiiiteiKlenf  of  the  company,  and  application  has  been  made 
for  a  patent.  its  simple  construction  is  iiRlicaled  in  the 
accoinpanying  drawings,  for  which  we  are  indebted  to  Tlie 
Iron  Age."  Four  corner  castings  are  bolted  together  forming 
the  cap,  which  rests  on  the  top  of  the  ingot 】1謂1(1.  The  cap 
is  lined  with  the  bricks,  and  an  important  feature  is  that  no 
special  shapes  are  required  but  regular  commercial  bricks 


See 十 ion 


Duncan  Hot-top  for  Ingot  Mout.ds. 

suffice.  The  refractory  and  non-heat  conducting  property  of 
the  brickwork  serves,  of  course,  to  keep  hot  as  long  as  possible 
the  upper  part  of  the  freshly  cast  ingot,  thus  serving  as  a  sink 
head  and  as  a  means  for  minimising  piping  in  the  ingots.  The 
experience  at  the  Donner  plant  shows  that  it  is  efficacious  in 
this  regard.  The  head  is  readily  removed,  lugs  projecting 
from  the  casting  to  allow  of  the  use  of  crane  hooks,  and  it  may 
be  used  over  and  over  again  until  it  becomes  necessary  to  reliiie 
the  top  with  fresh  bricks. 


THE  METALLURGY  OF  ZINC* 

BY  ERNEST  A.  SMITH,  A.R.S.  M. ,  M.  INST.M.M. 

In  extracting  zinc  from  its  ores  advantage  is  taken  of  the 
volatility  of  the  metal  at  a  bright  red  heat,  practically  all  the 
zinc  of  com merce  being  produced  by  the  method  of  distillation. 
The  material  almost  exclusively  employed  in  its  production  is 
zipc  oxide,  obtained  by  calcining  the  carbonate  (calamine)  or 
by  roasting  the  sulphide  (blende  or  sphalerite),  only  a  com- 
paratively small  quantity  being  u])tained  from  the  silicates 
(willemite  and  hemiinorphite). 

The  distillation  process  is  dependent  on  the  reduction  of 
zinc  oxide  by  carbon,  or  carbon  monoxide,  and  to  effect  this 
the  powdered  oxide  is  mixed  with  coal,  and  exposed  to  a  very 
high  temperature  in  fireclay  retorts.  The  carbonaceous 
matter  must  be  in  excess  to  prevent  the  formation  of  carbon 
dioxide,  which  acts  as  an  oxidising  agent  on  the  gaseous  zinc. 

The  metallic  zinc  liberated,  distils  off,  and  is  condensed  in 
clay  receivers  adapted  to  the  retorts,  and  a  continuous  stream 
of  carbon  monoxide  issues  from  the  retorts.  Zinc  silicates  are 
also  reduced  by  carbon,  but  require  a  liigher  teni])erature  than 
the  oxide.  As  pointed  out  by  Gowlaud  :  "  The  condensation 
of  tlie  gaseous  zinc  to  fluid  zinc  is  a  Tnatter  of  some  difficulty, 
as  it  can  only  be  effected  within  a  limited  range  of  tempe- 
rature, viz.,  415°  to  r)5(f  C.  Below  415""  C.  it  condenses  to  a 
powder  called  zinc  fume  (or  blue  powder,  in  America) ― /.r， 
metallic  zinc  in  the  form  of  powder  mixed  more  or  less  with 

*  From  a  paper  on  "  The  Development  of  the  Spelter  Industry,"  read  before 
the  Institute  of  Metals,  September  'iOfcli.  1916. 


8  to  10  per  cent,  of  ziiu;  oxide.  It  iiiucli  ;"">ve  -「)5(>'  it  is 
not  condensed  at  all.  There  is  likewis unot  her  diliiciilt y.  It* 
1  lio  ziiic  vapour  is  iiiucli  diluled  wit  h  ot  her  gases  ii  will  not 
condense  to  fluid  zinc,  but  as  '/A tie  luine." 

I II  preparing  t  he  oven  tor  dislilhit  ion,  (^ar)>onate  ores  are 
converted  to  oxide  by  calcination  in  simple  shaft  I'uinaces  or 
in  reverberatory  furnaces.  According  to  Moulden,  the 
calcination  is  seldom  complete,  and  as  much  even  as  15  per 
cent.  CO2  may  be  left  if  the  ores  are  very  calcareous  or 
jiiagnesian. 

For  roasting  crushed  zinc  hlende  a  large  variety  of  fur- 
naces is  used,  including  ( 1 )  haiid-raked  reverberatory  furnaces, 
with  one  or  two  hearths,  or  with  shelf  burners  ；  (2)  inecliani- 
cally  raked  furnaces,  such  as  the  Zellweger  and  Mertoii  fur- 
naces ； and  (3)  muffle  furnaces  in  use  for  burning  blende  for 
sulphuric  acid  manufacture,  cf  which  the  Hegeler  furnace  is  a 
modern  t'ype.  Although  hand-raked  reverberatory  furnaces 
with  two  super-imposed  hearths  are  still  in  use  in  Europe  for 
roasting  blende,  they  are  gradually  being  replaced  by  the  more 
economic  and  efficient  mechanical  and  muffle  furnaces. 

The  Me r ton  furnace  is  said  to  be  in  successful  use  at  two 
of  the  chief  spelter  works  in  Swansea.  This  is  a  reverberatory 
furnace,  with  three  superposed  hearths,  and  a  special  finishing 
hearth,  with  revolving  rabbles  worked  by  machinery. 

The  Hasenclever  furnace  is,  according  to  Ingalls,  the  most 
generally  used  muffle  furnace  in  Europe  for  roasting  blende, 
for  utilising  the  gases  for  sulphuric  acid  making. 

Another  furnace  which  appears  to  be  gaining  favour  in 
Europe  is  the  De  Spirlet.  This  is  a  multiple-hearth  turret 
furnace  in  which  the  hearths  themselves  are  revolved,  pro- 
jecting teeth  from  the  bottom  of  one  hearth  rabbling  the  ore 
on  the  hearth  next  below.  The  furnace  is  ingeniously  designed 
so  that  it  may  be  dismantled  quickly  for  repairs,  and  it 
desulphurises  blende  with  very  low  fuel  consumption,  given  as 
10  per  cent,  or  less.  This  furnace  has  been  installed  recently 
at  the  works  of  the  Grasselli  Chemical  Company  in  the  United 
States. 

The  furnaces  m ost  favoured  in  America  for  roasting  blende 
appear  to  be  the  Hegeler  and  the  Zellweger,  the  former  being 
employed  invariably  when  the  roast  gas  is  to  be  used  for 
sulphuric  acid  manufacture.  The  improvements  in  the 
Hegeler  furnace  since  its  introduction  about  30  years  ago  have 
been  only  in  structural  features  and  mechanical  details.  Most 
of  the  new  zinc-smelting  plants  of  the  United  States,  built  in 
the  eastern  coal-fields,  are  designed  to  make  sulphuric  acid, 
and  are  equipped  with  niainmoth  Hegeler  furnaces  capable  of 
roasting  about  50  tons  of  ore  per  da\ . 

The  Zellweger  furnace  is  a  long  hearth  reverberatory  fur- 
nace of  the  Brown  "  straight-line  type,"  from  which  it  differs 
in  the  form  of  the  rabble  and  the  supporting  mechanism. 
Although  its  consumption  of  fuel  is  comparatively  large  it  is 
now  well  established  for  blende  roasting  in  Kansas  and 
Oklahoma,  where  the  roast  gases  are  not  utilised.  The  old 
type  of  Brown  furnace,  known  as  the  "  horse-shoe  furnace,"  is 
also  still  in  extensive  use  in  the  United  States  for  roasting 
zinc  blende,  but  according  to  Ingalls  the  later  Brown 
" straight-line  "  furnace  is  nnicli  superior  for  the  purpose. 

For  the  extraction  of  the  zinc  from  the  calcined  or  roasted 
ore,  three  types  of  retort  furnaces,  viz.,  Belgian,  Silesian,  and 
Rhenish  (Belgo-Silesian),  a  re  in  use,  which  differ  mainly  in  the 
form  of  retort  used.  The  Belgian  type  of  retort  is  the 
smallest,  and  the  Silesian  the  largest.  The  Belgian  and 
Silesian  furnaces  formerly  in  extensive  use  are  gradually 
being  replaced  on  the  Continent  and  in  England  by  the 
Rhenish  type  of  furnace.  The  Belgian  furnace  is,  however, 
still  in  very  extensive  use  in  the  United  States,  although  here 
also  in  the  more  recently  erected  plants  the  furnaces  have  been 
so  modified  that  they  may  be  classified  as  Rhenish. 

Hand-made  retorts  still  continue  to  be  used  in  many  works 
in  England  and  on  the  Continent,  but  practically  all  the 
smelters  in  the  United  States  are  rapidly  taking  up  the 
liydraiilic  retort-making  machine  for  the  manufacture  of  their 
retorts.  The  machine  in  use  in  America  lias  two  plungers, 
which  act  upon  a  compact  ball  of  well-prepared  clay,  pressing 
it  into  a  finished  retort  at  about  l,5001bs.  pressure.  Such 
retorts  are  greatly  superior  to  those  made  by  hand,  as  they  are 
denser,  and  on  that  account  are  more  durable  and  less 
permeable  by  zinc  vapour.  They  are  also  less  readily  attacked 
by  any  basic  material  contained  in  the  ore.      The  American 
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clays  are  inferior  in  quality  to  the  European,  but  efforts  are 
being  made  to  rectify  this  difference  artilicially.  The  superior 
clay  of  the  European  retorts  permits  of  the  hard  driving  •， 
or  distillation  at  a  very  high  temperature,  as  practised  in 
Gerniaiiy  and  Belgium,  but  which  is  unknown  in  America. 
Distillation  under  these  coiuiitions  means  higher  extraction  of 
zinc,  and  American  smelters  are  directing  attention  to  the 
making  of  retorts  to  equal  in  quality  those  made  in  Germany. 

With  regard  to  the  furnaces  employed  these  are  of  simple 
consi  ruction,  consisting  of  a  narrow  vertical  arched  chamber, 
in  which  the  retorts  are  arranged  in  parallel  rows,  one  above 
another,  supported  only  at  both  ends  in  order  that  they  may 
be  surrounded  by  flame.  The  older  furnaces  have  a  fireplace 
at  the  bottom  of  the  chamber,  but  all  modern  furnaces  are 
gas-fired.  This  is  the  result  of  the  increasing  amount  of 
roasted  blende  received  by  the  smelter,  which  requires  a 
higher  temperature  for  reduction  than  calcined  calamine. 
The  adoption  of  gas-firing  is  now  ])econung  very  general,  the 
gas  being  sup])lied  from  gas  producers  built  either  in  or  near 
the  furnaces,  or  entirely  independent  of  them.  In  America 
natural  gas  was  formerly  extensively  used  for  heating  zinc 
distillation  furnaces. 

Producers  of  the  Boetius  type  are  used  in  the  older  fur- 
naces ill  Belgium,  but  as  the  tendency  in  building  new  furnaces 
is  to  adopt  the  Rhenish  form,  the  Siemens  regenerative  system 
is  becoming  very  general  in  modern  practice.  Other  pro- 
ducers, however,  are  employed  in  some  works.  Gas-fired 
llhenish  furnaces,  without  regenerators,  are  in  use  in  the 
Rhine  provinces.  At  one  of  the  typical  spelter  works  in 
Swansea,  South  Wales,  furnaces  of  the  Rhenisli  type,  with 
gas  as  fuel  and  regenerative  chambers  for  gas  and  air,  are 
employed.    The  gas  is  generated  in  producers  of  the  Siemens 

type;  . .  .  . 

The  metallurgy  of  zinc  involves  only  two  operations,  viz., 
roasting  and  distillation,  to  yield  marketable  metal,  and  is 
therefore  simple,  as  compared  with  the  metallurgy  of  metals 
such  as  copper  involving  some  five  operations,  but  the  con- 
ditions of  the  reduction  of  zinc  oxide  to  metal  are,  as  pointed 
out  by  Sulman，  difficult  and  peculiar,  and  the  reactions 
involved  highly  eudotherniic. 

The  ore  charges,  which  are  necessarily  kept  in  the  condi- 
tion of  coarse  powder  throughout  the  operation,  are  very 
poor  conductors  of  heat,  while  to  extract  the  metal  it  is  neces- 
sary to  continually  supply  heat  energy  by  external  heating  of 
the  retorts.  "  This  imposes  a  maxim uni  charge  thickness  of 
about  8iii.,  a  24  hours'  reduction  period  (from  charging  to 
recharging),  the  provision  of  small-sized  retorts  of  specialised 
construction,  and  with  only  about  six  weeks'  life,  and  general 
the  handling  of  large  bulks  of  raw  material  in  very  small 
quantities.  Also  it  does  not  pay  to  carry  the  extraction  of 
the  spelter  below  a  certain  limit,  the  '  seconds  '  or  residues  are 
dumped  still  carrying  several  units  of  zinc.''  Nevertheless, 
viewing  the  present  status  of  the  practice  in  zinc  smelting,  one 
is  impressed  by  the  high  extraction  results,  the  low  fuel  con- 
suni])tion  m^^de  possible  by  regenerative  gas  firing,  and  the 
reduction  of  labour  involved  in  the  art. 

While  progress  has  been  made  in  the  metallurgy  of  zinc  of 
late  years,  it  has  not  been  characterised  by  any  great  change 
in  metliod  or  in  the  discovery  of  new  principles,  but  rather 
by  a  contiimous  and  steady  increase  in  the  pi'otluctive  capacity 
of  the  existing  works,  and  by  the  installation  of  new  plants. 
Nevertheless,  the  minor  changes  have  been  important,  and 
have  been  directed  mainly  towards  higher  extraction  results 
and  the  reduction  of  labour.  While  several  new  processes  are 
being  experimented  with  on  a  comparatively  small  scale,  these 
are  not  yet  sufficiently  developed  to  judge  what  influence  they 
will  have  on  the  future  methods  of  metallurgical  treatment. 
As  recently  pointed  out  by  Prof.  Bacon,  "  The  great  problems 
at  present  in  the  metallurgy  of  zinc  are  in  cojicentration  of 
the  ore,  and  in  the  treatment  of  flotation  concentrates."  The 
latter  produces  the  troubles  always  ex|)erienced  with  fine  ore  ； 
it  is  (lifTicult  to  roast,  and  the  dist  illai  ion  of  it  is  also  not 
simple. 

CI  lief  among  the  changes  in  zinc  smelting  in  recent  years 
are  those  in  the  method  of  firing,  aud  the  adoption  of  the 
Elienish  or  intermediate  type  of  retort,  and  of  inachine-iiiade 
retorts.  By  the  use  of  regenerative  gas  firing  and  "  wel!- 
adapled  condensers,  tho  cost  of  production  has  been  reduced 
and  loss  of  metal  prevented.  In  direct-fired  furnaces  the  coal 
consumption  is  about  2  tons  or  more  per  ton  of  ore  smelted. 


while  in  modern  gas-fired  Belgian  furnaces  the  consumption  of 
coal  for  fuel  is  about  16  ton  per  ton  of  ore  smelted.  For 
Rhenish  gas-fired  furnaces  the  average  is  about  1.1  to  1'2  ton, 
but  much  necessarily  depends  on  the  quality  of  the  coal 
supplied  to  the  producer.  With  a  view  to  the  reduction  of  the 
cost  of  labour,  mechanical  appliances  for  charging  and  clean- 
ing the  retorts  have  been  introduced  in  several  European 
works,  and  more  recently  in  American  works,  but  they  have 
not  met  with  general  favour. 

The  ore  charged  into  the  retorts  generally  contains  about 
45  to  50  per  cent,  of  zinc.  The  weight  of  the  charge  varies 
with  the  size  of  the  retorts,  the  Belgian  retorts  in  the  United 
States  taking  about  601bs.，  plus  a  small  quantity  of  by- 
products, exclusive  of  reduction  material,  while  for  llhenish 
retorts  in  Europe  it  is  from  751bs.  to  901bs.  Although  the 
Saeger  charging  machine  is  now  in  regular  use  at  the  works 
of  the  National  Zinc  Company,  at  Bartlesville,  Oklahoma, 
where  it  was  introduced  in  1913,  the  common  arrangement  of 
the  distillation  furnaces  in  American  works  is  unfavourable 
to  the  Vise  of  a  charging  machine,  American  practice  being  to 
set  the  furnaces  in  parallel,  whereas  in  the  European  practice 
they  are  commonly  set  in  series,  i.e.,  in  a  single  row,  thus 
allowing  more  room  for  manipulation.  Machine  charging 
takes  1  hour,  as  compared  with  3  hours  for  hand  charging, 
and  the  ore  is  charged  more  densely,  enabling  2,0001bs.  more 
ore  to  be  charged  into  the  furnace.  Two  difficulties,  however, 
attend  machine  charging  when  applied  to  the  excessively  fine 
flotation  concentrate  now  coming  to  the  zinc  smelters.  This 
very  line  ore  sticks  to  the  augers,  necessitating  frequent  clean- 
ing during  charging,  and  also  tends  to  "  blow  out  ，'  with  con- 
siderable force,  sometimes  only  20  minutes  after  the  retorts 
have  been  charged. 

The  method  of  removing  the  residue  from  the  retorts, 
generally  employed  in  Europe,  is  to  rake  it  into  a  pit  in  front 
of  the  furnace,  while  in  America  the  common  practice  appears 
to  be  to  use  a  long  iron  pipe,  with  water  flowing  from  the  end, 
which  is  pushed  to  the  back  of  the  retort,  where  the  water  is 
converted  into  steam  by  the  heat,  throwing  the  charge  for- 
ward. By  this  latter  method  a  considerable  amount  of  fine 
material  is  blown  away,  causing  loss  of  any  silver  or  lead  con- 
tained in  the  residue.  A  retort-discharging  machine  has 
recently  been  patented  by  J.  J.  Sininionds,  of  Iola，  Kansas, 
which  in  the  opinion  of  some  distinguished  American  zinc 
rnetallurgisls  has  solved  the  problem  of  mechanically  discharg- 
ing retort  residues.  Arrangements  are  now  being  made  to 
install  the  】iiachine  at  three  works  in  America.  The  machine 
consists  essentially  of  a  truck  carrying  a  series  of  bars,  or 
])lungers,  with  sprockets  at  each  end  of  the  bar,  over  which 
travels  an  endless  chain  of  scrapers.  The  machine  is  run  up 
facing  a  tier  of  retorts,  into  which  the  scrapers  are  introduced 
and  set  in  motion  ；  the  mechanical  arrangements  being  very 
ingenious.  The  scraper  chains  are  sprayed  with  water  to 
keep  them  cool. 

The  composition  of  the  residues  naturally  depends  on  the 
composition  of  the  ores  treated,  but  with  ordinary  ores  the 
residue  contains,  as  a  rule,  from  4  to  8  per  cent,  of  zinc.  With 
leady  ores  practically  all  the  lead  and  silver  will  be  found  in 
the  residues.  After  concentration  by  grinding,  screening,  and 
jigging,  they  are  sold  to  lead  smelters,  who  also  value  them  for 
their  iron  contents,  which  acts  as  a  flux.  German  smelters 
prefer  zinc  ores  containing  sufficient  lead  and  silver  to  yield  a 
residue  which  can  be  sold  to  lead  smelters.  The  amount  of 
lead  admissable  in  the  distillation  process  is  usually  considered 
to  be  limited  to  about  10  per  cent.  Moulden  lias  stated, 
however,  that  he  has  successfully  roasted  and  distilled  some 
ihousands  of  tons  of  zinc  ore,  containing  from  14  to  even 
20  per  cent.  lead.  With  due  exercise  of  care  and  the  selection 
of  appropriate  retort  materials,  the  difficulties  due  to  the 
presence  of  lead  may  be  overcome  to  such  a  degree  as  to  allow 
of  entirely  profitable  commercial  working.  As  Mr.  Moulden 
points  out,,  this  is  of  far-reaching  importance,  as  vast  addi- 
tional potential  sources  for  the  augmentation  of  spelter  supply 
have  thereby  been  rendered  available,  with  the  prospect  of 
furt  her  ones  now  well  within  sight. 

Careful  attention  is  also  being  ； ^iveu  in  America  to  the 
i^^anc^ue  constituents  of  the  ore,  and  the  composition  of  the  ash 
from  the  reducing  agent,  employed  with  a  view  to  i'educiiig  the 
amount  of  sla<^oring  in  the  retorts.  Iron,  U"ie，  and  "miiganese 
are  objecl  ioiiable  impurities,  although  the  presence  of  some 
iron  is  desirable.    Few  American  smelters  care  to  have  more 
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thiui  2\  per  cent,  of  iron,  hul  in  Kvnopo  as  much  as  7  to 
S  per  reiil.  is  allowed.  The  utilisation  of  the  unhuriit  coal  in 
retort  residues  is  another  matter  olaiiniiig  the  attention  of 
American  zinc  smelters.  The  residue,  which  contains  a  good 
deal  of  iiiiburnt  coal,  is  screened,  and  all  over  size,  mixed 
with  about  20  per  cent,  of  fresh  coal,  ami  used  as  fuel  under 
boilers.  So  far  t  his  mixture  has  ])roved  serviceable  at  the 
Edgar  Zinc  Coni})any,  and  10  boilers  are  now  fired  in  this  way. 

In  modern  Gennaii  and  Belgian  j)ractice  a  90  per  cent, 
yield  of  spelter  is  constantly  reached  with  roasted  blende 
oarryiiit^  50  per  cent.  zinc.  In  the  Western  States  of  America 
the  yield  from  a  40  per  cent,  ore  is  stated  to  be  about  75  to 
80  per  cent.,  but  in  the  newest  plants  efforts  are  being  made  to 
bring  the  yield  up  to  that  in  continental  works.  The  English 
zinc  "smellers  cannot  claim  equality  with  the  better  continental 
or  American  practice,  the  yield  in  this  country  being  usually 
nearer  85  per  cent.  A  certain  amount  of  conservatism  and 
peiha])s  an  undue  regard  for  local  tradition  are  partially 
responsible  for  this  lower  recovery.  Although  progress  has 
been  made,  and  gas- fired  furnaces  have  almost  completely 
replaced  the  older  Welsh-Belgian  type,  a  good  deal  remains  to 
be  done  to  bring  English  practice  up  to  the  level  attained  to 
in  several  continental  centres. 

For  example,  the  hydraulic  pressed  retort,  so  invariably 
used  abroad,  has  yet  gained  but  little  popularity  in  this 
country,  where  the  heavier  hand-made  and  more  expensive 
article  appears  to  be  still  the  rule.  Little  attention  also 
appears  to  have  been  given  to  the  "  briquetting  "  of  fine  ore, 
as  opposed  to  the  ordinary  "  loose  charging"  methods.  This 
method,  which  was  proposed  by  Sulman  and  Picard  for  dealing 
with  Broken  Hill  zinc-lead  concentrate,  consists  in  briquetting 
the  material  with  bituminous  coal  and  pitch,  and  distilling 
the  briquettes  in  an  ordinary  distillation  furnace,  when  the 
carbonaceous  residue,  which  acts  as  a  filter,  is  found  to  contain 
most  of  the  lead  in  the  metallic  state,  and  is  suitable  for  lead 
smelting.  Very  little  lead  is  said  to  go  over  with  the  spelter. 
Notwithstanding  the  increased  working  charge  of  from  Is.  6d. 
to  2s.  per  ton  of  material  briquetted,  and  the  installation  cost 
of  the  necessary  plant,  it  is  claimed  tlip  advantages  are  pro- 
nounced. A  furnace  will  take  from  50  to  75  per  cent,  more 
ore  than  when  loose  charged,  all  other  distillation  costs 
remaining  the  same,  whilst  charging  and  discharging  opera- 
tions are  nioi'e  rapid  and  cleanly. 

English  smelters  are  dependent  on  imported  ores,  the  total 
importation  of  zinc  ores  in  1913  amounting  to  65,000  long 
tons.  Of  this  amount  approximately  18,000  tons  came  from 
Australia,  14,000  tons  from  Italy,  9,000  tons  from  Algeria, 
6,000  tons  from  Spain,  and  the  remainder  from  other  sources, 
including  1,000  tons  from  Canada.  American  smelters 
treated  some  855,000  short  tons  of  ore  in  1914，  of  which  about 
two-thirds  was  blende  and  one-third  calamine.  The  bulk  of 
the  calamine  ore  was  smelted  by  works  in  the  gas-fields  of 
Kansas  and  Oklahoma.  The  smelters  east  of  the  Mississippi 
river  make  sulphuric  acid,  with  the  exception  of  two  small 
concerns,  and  naturally  use  blende. 

With  the  movement  of  the  zinc- smelting  industry  to  the 
eastward,  the  separation  of  blende  roasting  and  zinc  distilla 
tion  is  becoming  more  pronounced,  as  it  has  been  for  a  long 
lime  in  Europe.  It  is  often  good  practice  to  roast  the  blende 
at,  some  good  centre  for  the  distribution  of  the  sulphuric  acid, 
and  then  reship  the  roasted  ore  io  a  suitable  point  for  zinc 
distillation.  This  is  now  being  done  by  several  large  concerns. 
" The  loss  of  zinc  in  smelting  25  per  cent,  ore  by  the  Silesian 
method  varies  between  25  and  35  per  cent.,  that  in  smelting 
45  to  50  per  cent,  ore  by  the  Belgian  and  Rhenish  processes 
being  bet  ween  10  and  15  per  cent,  in  the  best-operated  plants  ； 
the  loss  in  retorts  by  either  process  is  about  3  per  cent,  per 
day.  The  combined  cost  of  roasting  and  distilling:  one  ton  of 
ore  has  been  estimated  by  Ingalls  at  £1.  13s.  2id.  to 
£2.  Os.  3d.  for  various  plants  in  the  United  States  and 
Germany." 

In  no  department  of  metallurgv  has  development  been 
more  rapid  in  recent  years  than  in  the  treatment  of  so-called 
complex  ores,  in  which  zinc  blende  is  associated  with  galena 
and  other  metallic  sulphides.  Mechanical  dressing  and 
niaofiietic  and  flotation  processes  of  concentration  liave  done 
much  towards  solving  the  problem  of  cojnplex  ore  treatment, 
as  by  their  aid  a  separation  can  be  made  which  will  give  pro- 
ducts suitable  "both  to  the  zinc  and  lead  smelter,  and  also  in 
some  cases  an  iron  sulphide  product  suitable  for  the  nianu- 


facl  ui'o  of  Hulpliuric  acid.  Following'  l  lie  piom'f'r  work  of 
WeMioriU's  liigh  int oiisily  miigiiHir  sepiirut or,  much  progi'cHH 
has  Ikmmi  i ii  nifi^Mieiic  scpar;"  ion,  and  many  m;"'him，H 

int roduced . 

Elect  rost  at  i ！ net  hods  for  t  lie  se])arai  ion,  l)y  ele (； f  ric  repul- 
sion, of  coiuhict ors  (such  as  certain  inolalli*'  sulpliith^s, 
iiiat^iietile,  and  lia?ina(il-e,  tVc.)  t rorii  poor  coiHluciors  (such  as 
silical es,  carl)oiiates,  oxides,  and  sul])hut es,  and  including  zinc 
hleiule)  were  first  applied  in  practice  by  Blake  and 
Mecheniich,  and  followed  by  Sutton  and  Steele  and  IIufT,  and 
others.  I  luff  discarded  the  electrostatic  generator  of  the 
Wimshm'st  type,  and  employs  a  dynamo-current  of  suil.a})le 
intensity. 

The  separator  is  thus  capable  of  adjustment  to  any 
required  strength  of  electrical  field,  and  is  lets  liable  to  inter- 
ference from  climatic  conditions.  In  other  particulars  it 
broadly  follows  previous  designs.  Magnetic  separation  of 
blende  and  pyrite  may  be  accomplished  without  preliminary 
roasting  by  the  use  of  high  intensity  magnetic  separators  of 
the  Wetherill  type,  the  zinc  mineral  being  lifted  out  of  the 
mass.  The  more  usual  practice,  however,  is  to  give  the 
mineral  a  magnetic  or  "  flash  ，，  roast,  rendering  the  iron 
magnetic,  after  which  it  is  separated  from  the  mass  by 
separators  of  the  low-intensity  type,  such  as  the  Dings.  The 
limiting  factor  of  electric  separators  appears  to  be  their 
inability  to  handle  fine  powders,  and  their  liability  to  dust 
trouble,  unless  the  dust  be  first  removed. 

Flotation  processes  of  concentration  have  rapidly  come  to 
the  front  since  tlieir  introduction  some  ten  years  ago.  It  is  to 
the  Elmore  Brothers  that  the  honour  belongs  of  first  bringing 
oil-mineral  processes  into  the  region  of  commercial  appli- 
cability and  of  securing  the  first  success  therein  ；  their  work 
focussed  the  attention  of  metallurgists  upon  the  great  possi- 
bilities of  these  methods.  In  addition  to  concentrate  suitable 
for  smelting,  the  flotation  processes  produce  a  certain  amount 
of  slime,  the  metallurgical  treatment  of  which  is  the  great 
problem  of  zinc  smelters  at  the  present  time.  This  material 
is  exceedingly  fine,  varying  from  80  to  less  than  200  mesh, 
and  produces  the  trouble  that  fine  ore  always  does  metallurgi- 
cally,  and  in  addition  thereto  some  that  are  peculiar  to  the 
metallurgy  of  zinc.  The  loss  of  zinc  in  roasting  is  particularly 
large,  and  appears  to  be  due  not  merely  to  dusting,  but  also 
to  reduction  and  volatilisation.    (I^galls  ) 

In  view  of  the  fact  that  the  supply  of  flotation  and  other 
concentrate  and  slime  is  bound  to  increase,  】iietallurgists  are 
making"  every  effort  to  find  a  solution  to  its  commercial  treat- 
ment. Several  methods  have  been  proposed  for  treating 
roasted  zinc-lead  concentrate  (Broken  Hill  sliiiie)  in  ordinary 
zinc  distillation  furnaces  for  the  production  of  a  pure  spelter, 
and  a  residue  suitable  for  lead  smelters.  While  lead  is 
sensibly  volatile  in  zinc  vapour  it  may  be  separated  therefrom 
to  a  considerable  extent  by  the  filtration  of  the  metallic 
vapour  through  a  porous  medium.  This  fact  was  utilised, 
about  12  years  ago,  by  Rev.  E.  W.  Hopkins,  who  used  a  filter 
of  charcoal  or  coke,  but  other  porous  materials  have  since  been 
used. 

A  zinc  fume  filter  in  use  at  Irvine,  on  the  Firth  of  Clyde, 
consists  of  a  fireclay  tube  filled  with  loosely  packed  refractory 
material,  such  as  ohippings  of  burnt  fireclay,  which  is  fitted 
into  the  hack  of  the  condenser,  so  that  the  zinc  vapour  passes 
through  it.  The  lead  is  retained  in  the  material  of  the  filter, 
while  the  zinc  is  condensed  in  the  condensers  and  contains 
less  than  0  6  per  cent,  of  lead. 

Tn  the  "  briquetting  ，，  process,  the  filtration  takes  place  in 
ihe  pores  of  the  briquette  itself,  and  the  lead  is  found  in  the 
carbonaceous  residue  in  the  metallic  state,  and  is  suitable  for 
lead  smelting.  Other  methods  proposed  for  the  treatment  of 
zinc-lead  concentrate  and  zinc-bearing  complex  ores  may  be 
conveniently  grouped  under  three  heads,  viz.  :  (1)  smelting 
processes  ；  (2)  electric  smelting  processes ;  (3)  hydrometal- 
!ure:ical  processes. 

The  smelting  of  complex  ores  suffers  from  two  mai"  dis- 
advantages ： upon  the  one  hand  they  contain  too  much  lead 
for  the  ordinary  distillation  process,  and  on  the  other  they 
contain  too  much  zinc  for  lead  smelting,  their  reduction  in  the 
})last furnace  being-  hindered  by  1-1  le  excess  of  zinc,  which 
ref|inres  special  amounts  of  flux,  and  thus  is  slagged  off  and 
lost  unless  the  slag  is  specially  treated  to  recover  the  zinc. 
In  tliis  connection  reference  must  be  made  to  Dr.  H.  Papes' 
method  ill  use  at.  the  lower  Harz  Mines  of  Oker  for  the  treat- 
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synchronise  with,  the  natural  periods  of  vibration  either  in 
171  en t  of  the  various  complex  ores  from  the  llanimels1)eri^- 
deposits,  the  main  varieties  of  which  are  lead  ores  with  9  per 
cent,  lead  and  20  per  cent,  zinc,  and  copper  ores  with  from 
1  to  1 5  per  cent,  copper  and  1  to  20  per  cent.  zinc.  They  are 
treated  in  the  ordinary  wav  in  hlasl furnaces,  after  first  sub- 
jecting the  lead  ore  to  a  sulphurising  roast  and  removing  some 
of  the  zinc  by  leaching. 

The  slags,  containing;  from  22  to  '27  per  cent .  of  zinc  oxide, 
are  crushed  to  50  niesli,  and  biiq netted  with  coke  dust  and  a 
binding  agent.  The  briquettes  are  reduced  in  a  continuous 
reverberatorv  furnace,  where  the  zinc  after  volatilisation  as 
metal  is  carried  off  as  oxide  by  the  flue  gases  and  is  col  led  eel 
in  chambers  and  bag-house  plant,  the  better  quality  being 
sold  for  paint,  the  poorer  to  the  zinc  smelter  for  reduction  to 
spelter.  According  to  Sulmaii,  ((  Nearly  10,000  tons  of  metal 
are  report ed  to  have  been  thus  produced,  and  42,000  tons  of 
zinc  slags,  besides  low-grade  ores,  treated  by  this  method  in 
1910."  Sulniaii  remarks  that  "zinc  residues  from  spelter 
production  should  be  amenable  to  similar  processes,  large  scale 
trials  having  deiiioiistrated  the  possibility  of  their  profitable 
haiidlino-  bv  such  methods,  when  modified  in  certain  details  to 
suit  the  material." 

" Under  conditions  of  forced  oxidation,  such  as  in  the 
hlastfiiniace  or  blowing  hearth,  lead  is  as  freely  volatilised  in 
the  form  of  oxide  as  is  zinc,  a  fact  which  has  been  utilised  in 
GeriT" aiiv.  where  the  bl owing  of  oxidised  low-grade  zinc-lead 
ores  has  been  practised,  bag-house  plant  being  employed  to 
collect  ihe  mixed  oxide  fume  ；  this  is  then  treated  with 
snlpluiric  acid  for  the  production  of  crystallised  zinc  sulphate, 
the  residual  lead  sulphate  being;  sold  to  the  smelter." 

The  extensive  inamifacture  of  zinc  white  in  New  Jersev 
and  Peimsvlvania  is  a  striking  example  of  the  successful  treat- 
ment of  a  complex  ore.  F'ranklinite  ore  is  obtained  in  New 
Jersev,  and  consists  mainlv  of  fraiiklinite,  willemite,  zincite, 
and  various  silicates  contaiiiincr  manganese.  The  dressing  of 
the  ore  loro duces  (1)  a  concentrate  composed  mainlv  of  fraiik- 
linite ； (9、  a  concentrate  consisting  of  fraiiklinite,  with  various 
mantyaniferous  silicates  ：  and  (3)  n,  mixture  of  Aville>nite  and 
zi'ncite.  The  twn  form  er  are  em  ployed  for  the  production  of 
zinc  oxicle.  and  the  last  for  direct  spelter  manufacture. 

The  oxicle  is  produced  by  the  Wetherill  process,  which 
consists  in  roasting'  the  ore,  then  mixing:  with  anthracite 
pov'^er.  p，，ci  sm'eacHne^  it  over  a  laver  of  b，，rning  anthracite 
nil  tl、p  prqfe  of  a  kiln,  throu p*h  which  a  low  blast  from  a  fan  is 
forced.  Thp  zinc  distils  off，  and  is  oxidised  at  once  by  the 
carbon  dioxide  formed  durinq;  the  reduction  of  the  zinc  oxide, 
and  hv  the  air  nresent.  The  gaseous  products  carrying  the 
zinc  oxiWe  are  passed  throu^^h  a  coolinsf  tower  to  a  series  of 
woollen  hagfs,  in  a  has^-lionse,  where  they  are  filtered  and  the 
oxide  collected.  The  bulk  of  the  zinc  oxide  of  commerce  is 
prof^icecl  bv  this  process. 

Thp.  Wptherill  process,  somewhat  modified,  lias  been  in  use 
at  Coffevville.  "Kansas,  for  the  treatment  of  mixed  zinc  and 
lead  nres  crm"ining  not  less  than  30  per  cent,  of  lead  and  zinc 
combined.  The  ores  are  mixed  in  such  proportions  that  the 
pio^ment;  shall  consist  of  about  two-thirds  zinc  oxide  and  ore- 
fhiH  learl  sulphate  and  oxide.  They  are  first  roasted  in 
M ， Dcm e:all  fii  rn aces,  and  then  treated  as  d escribed  above, 
except  til  at  the  fu  me  passes  first  through  a  combustion 
oh  am  Vie  r  to  Vmrn  off  aiiv  carhonareoiis  ""Mer  and  then  passes 
to  n  sheet-iron  flue  phbiit  700ft.  lonp-,  which  tevnnTiates  in  a 
ptTiall  pettHii"  chamber,  nlacecl  iiist  "before  the  basr-house. 
TTere  the  coolec]  fume  enters  a  suction  fan.  and  is  forcer]  into 
the  hag's  in  the  bae-house.  tlie  pie^ment  being  collected  in  tlie 
npusl  manner.  Instead  of  furnaces  of  the  tyne  used  in  the 
Wetherill  process,  Bhim  has  rerentlv  proposed  pot's  such  as 
are  used  in  the  mua】  lime  roasts  in  the  ITii i"* ti n £f t on -TTeber  1  ei n 
prooeps  for  lend  ores     A  plant  for  i h a  inmnifacturo  of 

vino-wT^n'fp  from  ores  is  now  heing  erected  in  Mexico  for  rari'y- 
imr  ovi  his  proposal. 

(To  he  cnnflnvefl.) 


The  New  President  of  the  British  Association. ― At'  (lie  recent 
annual  "irfdiii"  of  I  ho  Brilisli  Assocint  ion,  lielrl  at  Newrastle- 
mi-Tvne,  the  Council  iinaniinoiisly  iimninatecl  the  Hon.  Sir 
Charles  A.  Parsons  in  fill  the  office  of  president  of  tlip  Assorin- 
tion  at  the  Bournemouth  meeting  next  year. 


THE  DESIGN  AND  GRINDING  OF  METAL-CUTTING  TOOLS* 

liY  J.   AV KX'DALT-  COLE. 

Man  has  l)eeji  described  as  The  Tool-using  Animal  ，'  ：  The 
invention  of  the  Whit  worth  screw-Feed  lathe  was  a  great  stride 
ill  briii^ino-  a  rapid  duplication  of  standard  work  over  the 
hand  turning  of  previous  practice.  Anotlier  leading  step  for 
standard  duplication  of  product  is  the  machine  grinding  of  the 
lit  t  in  t)-  tools ― to  have  their  angles  and  shapes  standards  and 
duplicates.  First  design  the  steel- cutting  t,oo】  with  proper  pro- 
portions and  angles  for  strength,  for  clearance,  and  for  cutting 
tlie  metal,  whether  for  cast  iron  or  steel. 

Oil  tool  design  and  angles,  William  Kent,  in  the  seventh 
edition  of  his  "  Machinery  Engineering  Pocket-book,"  quotes 
" Hfil te,"  the  German  ent>iiieer's  pocket-book,  giving  the 
following  cuttiii«-  angles  for  using-  least'  power:  — 

Rake.         Cutting  Edge. 
1  Top  Angle  of 

Wrought  iron    3°    51° 

Cast  iron    4^    51° 

Bronze    4^'    66。 

The  best  angles  】mist，  however,  be  guided  by  experience. 

Mr.  J.  Sellers  Bancroft  says  in  Vol.  28  of  the  "  Transac- 
tions of  the  American  Society  of  Mechanical  Engineers  ，， :  "  In 
1869  I  made  a  number  of  experiments  at  the  works  of  William 
Sellers  &  Co.,  where  I  was  then  shop  foreman,  and  demon- 
strated that  the  round-nosed  tool  would  take  a  cut  having  a 
feed  from  25  to  33  per  cent,  coarser  than  the  diamond-point 
tool  would  take  in  the  same  material  and  same  depth  of  cut, 
with  the  added  advantage  that  on  cast  iron,  the  final  chip 
being  so  much  thinner,  the  material  was  left  in  much  better 
shape  for  the  finishing'  tool.  Tlie  advantages  of  this  form  of 
tool  and  the  importance  of  having  uniform  angles  of  clearance 
and  top  rake,  showed  the  importance  of  having  these  tools 
ground  by  machine,  and  in  1874,  former  slide  rests,  arranged 
to  attach  to  regular  grindstone  boxes,  were  put  into  service 
and  used  regularly  for  this  purpose.  The  advantages  of  this 
system  were  so  apparent  that  in  1864  a  more  fully  organised 
machine  was  constructed,  using  a  special  form  of  emery  wheel 
on  which  all  tools  used  on  the  machines,  whether  for  lathe  or 
planer,  external  or  internal  work,  qr  screw- cutting,  could  be 
finished  to  definite  angles  and  sizes,  and  thereafter  all  tools 
used  in  the  shops  of  William  Sellers  &  Co.  were  so  ground.  In 
1 883  a  long^  series  of  experiments  were  tried  on  a  48in.  lathe 
to  determine  the  power  required  for  various  depths  and  widths 
of  ciih,  on  both  steel  and  cast  iron,  and  the  information  thus 
trained  was  used  thereafter  in  the  designing  of  machine  tools. 

The  late  Fred  W.  Tavlor,  past-president  of  the  American 
Society  of  Mechanical  Eiijjineers,  says  in  his  paper,  "  On  the 
Art  of  Cutting  Tools,"  Vol.  28  of  the  "  Transactions  "  :  "  Why 
cnittiiig  edge  of  tool  should  be  curved  :  Principal  object  in 
havincr  the  riitting*  edge  of  tool  curved  is  to  ensure  against 
daniatre  to  tlie  finished  work  "  ；  and  again,  in  the  same  paper  : 
" Tools  with  "broad  noses  having  for  their  cutting  eds^es  curves 
of  laro-e  rodins  best  to  use  except  for  risk  of  chatter." 

Upon  this  question  of  chatter.  Dr.  Nicolson,  in  describing 
his  experiments,  published  in  "Transactions,"  Vol.  25,  savs,: 
(' The  wave  】ene:t,li  of  tlie  force  curve  is  ah  out  O'Gin.  for  this 
exneriment,  and  it  varies  between  13,0001bs.  and  8,0001bs.  It 
will  be  observed  that  the  force  attains  a  maximum  soon  after 
Ihe  cuttiiie:  com mences  to  crack  or  shear  across,  and  that  i1 
drops  to  a  minirrmm  when  the  small  piece  of  cutting  falls  off 
the  for.o-ino".  At  such  a  slow  speed  as  this  Cone  foot  in  five 
liours)  the  cutting  has  time  to  shear  off  riglit  across  in 
senarate  fraernents,  whereas  it  forms  a  continuous  curl  of  coii- 
Riderahle  rig^iditv  when  the  cutting  speed  is  higher  than  a 
few  feet  per  minute." 

From  these  experiments  and  his  own  exnenence,  Mr. 
Taylor  con(']m]es  in  Vol.  ？ 8  ：  "  Since  the  tlnVkness  of  tlie 
shaviiu'"  is  uniform  with  straie^ht  edp^e  tools,  it  is  evident  thai 
the  neriod  of  "hiVh  nressure  wil】  arrive  at  all  points  alonor  tlie 
r^iitiino-  edp^e  of  this  tool  at  the  same  instant  and  will  he 
followerl  an  instant,  later  hv  a  corrpsnondins:  period  of  low 
propRiii  P  ；  and  t h h t  when  these  pei  iods  of  inaxiim""  and 
rniiiirruiin      pressuro     a])i)roxima1.el  v      oorrespoiul      1  o,  or 

A'  <i;vn,f't  of  piipcv  read  Itotovo  tlic  Anieriffvn  Association  fov  ttie  Advanceiiirnt 
of  Scionco. 
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the  f()r^iiii> t  he  tool,  I  he  "ml  suppoi'l ,  or  in  any  ]»arl.  1  lio 
driving  inecliaiiisni  of  t  lie  m;"'liim、，  t  here  will  lie  ;l  rosiill  juiI- 
chat t(M*  ill  (lie  work.  On  (he  other  hand,  in  t lie  case  ol' 
tools  with  curved  tniltino-  edj^es,  t lie  thickness  i lie  sluivini^' 
varies  at.  ； ill  points  aloiii*;  tlie  cutting"  etl^o.  Fiixn  (Ins  lad , 
coupled  with  Dr.  Nit'olson's  experiments,  it  is  obvious  tliai- 
when  t ho  highest  pressure  corres])uiuliui^  to  one  1  hickiiess  of 
shaviui^  at  a  giveii  point  aloiii^  a  curved  cutting  edge  is 
reached,  the  lowest  pressure  which  correspoiuls  to  another 
t liickness  of  shaving  at-  another  part  of  t he  cutting  edge  is 
likely  to  occur  at  about  the  same  time,  and  that  therefore 
variations  up  and  down  in  pressure  at  di  He  rent  parts  of  the 
oiu've  will  balance  or  compensate  one  for  1  he  other. 

"It,  is  evident,  moreover,  that  at  no  one  period  of  time 
can  tlie  wave  of  high  pressure  or  low  pressure  extend  aloii^- 
the  whole  length  of  tlie  curved  cutting  edge.  For  iliis 
reason  a  curved  cutting  edije  lends  to  prevent  chatter." 

Continuing,  he  says  :  Reasons  for  adopting  the  particular 
curves  chosen  for  the  cutting  edges  of  our  standard  tools  ： 
It  will  be  noted  that  as  the  body  of  the  tool  becomes  smaller, 
the  radii  of  curvature  of  the  cutting  edge  also  become 
correspondingly  smaller.  This  change  in  tlie  curve  of  the 
cutting  edge  is  rendered  necessary  by  the  fact  that  the  smaller 
tools  are  used  in  the  small  lathes,  which,  generally  speakinti". 
work  upon  small  forcings  from  which  cuts  are  removed  whicli 
are  both  shallow  in  depth  and  liave  comparatively  fine  feeds. 
Forgings  which  are  small  in  diameter  are  quite  as  liable  to 
chatter  as  the  larger  forgings  which  are  machined  in  lare^er 
lathes,  and  in  order  to  avoid  this  chatter  it  is  necessary  that 
a  curve  for  tlie  cutting  edge  should  be  chosen  whicli  will  2[ive 
a  variation  relatively  in  thickness  of  shaving  even  in  small 
depths  of  cuts.  Thus,  for  the  avoidance  of  chatter,  the  curve 
of  the  cutting  edge  should  be  small  in  proportion  as  the  depth 
of  cut  and  feed  which  it  normally  takes  are  small." 

As  will  be  seen  later,  the  small  radius  of  curvature  of  tlie 
cutting-  edge  involves  a  diminution  in  cutting  speed.  There- 
fore, with  larger  sized  tools  it  becomes  important,  on  the  other 
hand,  to  take  as  large  a  radius  of  curvature  for  the  cutting 
edge  as  is  compatible  with  freedom  from  chatter.  The  coarser 
feed  which  usually  accompanies  the  larger  tool  also  calls  for 
a  larger  radius  of  curvature  at  the  nose  of  the  tool,  in  order 
til  at  the  ridges  left  by  the  spiral  patli  of  the  t  ool  along  the 
forging  shall  be  as  low  as  practicable. 

The  all-round  adaptability  of  the  standard  tool  to  a 
variety  of  uses  also  calls  for  a  smaller  radius  of  curvatn re  the 
smaller  the  tool,  since  standard  roughing  tools  are  contiiniallv 
required  to  run  up  against  a  shoulder  or  into  a  corner  of  the 
work,  and  the  fillet  in  tins  corner  is  normallv  small  in  pro- 
portion  as  the  foro;ing  or  casting  is  small.  Tools  which  a  re 
to  be  used  for  cutting  cast  iron  and  hard  steel  have  sUghl Iv 
larger  radii  of  curvature  than  those  which  are  to  be  used  for 
the  softer  steel  and  wrought'  iron.  The  reason  for  this  cliaiiire 
is  that  nuich  slower  cuttiiiL^  speeds  nmst  be  used  in  cut! iii<r 
hard  steels  than  for  soft,  and  this  is  also  to  a  less  desjee  true 
for  cast  iron  as  compared  wiih  soft  steel. 

Cast,  iron  is  cut  with  less  cutting  pressure  or  resistance  to 
the  tool  than  is  required  for  soft  steel.  Therefore,  in  a  given 
lathe  a  greater  depth  of  cut  and  coarser  feed  can  be  taken 
on  cast  iron  than  on  soft  steel  :  and,  as  explained  before,  the 
coarser  the  feed  the  greater  should  be  the  radius  of  ciirvn- 
ture  of  the  extreme  nose  of  the  tool  in  order  to  leave  an 
equally  smooth  finish.  Where  local  shop  practice  calls  for  a 
oomparatively  shallow  cut  and  broad  feeds,  such  shops 
"liould  have  standard  tools  es])eciallv  designed  for  such  work. 

Clraranre  Angle  of  the  Tool, ― The  Following  are  our  con- 
clusions regarding  the  clearance  angle  of  the  tool  ： ― 

((7)  For  standard  shop  tools  to  be  ground  by  a  trained 
grinder,  or  on  an  automatic  grinding'  machine,  a  clearance 
?ui;r】e  of  6°  should  be  used  for  all  classes  of  rough iiii^ 
v;ork.  (li)  Tn  shops  in  which  each  machinist  "frinds  his  own 
tools  a  clearance  angle  of  froin  9°  to  12°  shonld  be  used, 
l)eca\ise  hand  grinding  varies  so  nmch. 

The  larger  the  clearance  aiif^le,  the  (greater  wil】  "be  the  ease 
witli  which  the  tool  can  be  fed  (wedded  or  driven)  into  its 
work.  On  the  other  hand,  every  increase  in  the  clearaiice 
niiglp  takes  off  an  equal  aiuoinii-  from  tlie  lip  aiii>le,  and  tliere- 
fore  ?m1>jer[s  Mie  tool  to  a  sweater  teiuleiicv  to  cnimble  :  ilio 
rlearaiK'o  an^le  must,  ho  sufTicieiiMv  l;ir^o  f-o  avoid  I'lil 山 in"r 


t  In*  ll.'iiik  ('r  lli<、  tool   aLV'iinsl.  t  lu»  spir.'il   l，；,iil〈  ol'  1,1"'  riicl.'il 

inMlli^'  ('lit-. 

liip  An<^lo      III"  Tool.     Ill  ！) rid',  Mr.  Taylor's  fonchisionR 
m,i  v   1)6  sl-aied  ：    For  st  aiuhu'd  t  ools  fur  cast    iron   hiuI  Mie 
ha I'der  si opIs  grimi  w i 1 1 1  a  clearaifce  aiiglo  of'  (；  ，  hack  slope 
si(le  slope  i  1  ',  giving  ； I  lip  ； m"n('  of  (>S 

For  c'lil  t  iiiij  si  oels  soft  ei'  iJuui,  s;iv，  carljon  {)'A  5  per  cent . 
liaviiii^  a))out  1  ()0,0()()lhs.  i ensile  siren^th  and  18  per  cent, 
st. retell,  1  (H)ls  sliouUI  be  ground  with  a  clearance  an^Ie  of  (5。， 
back    slo];e   of   8'，   side   slope  of  22。，  giving  a  lip  an<(le  ol 

(； r).  ' 

The  most  1  iiiporl  ； int.  consider;"  i (川 in  choosing  tlit>  lip  angle 
is  to  make  it  suilicioiit ly  blunt'  to  av end  the  dandier  criinil)- 
ling-  or  s)>oiliiii>'  at  the  cutting  eiltre. 

W lie  11  such  tools  have  heeii  designee]  for  the  work  in  liaiid, 
U)V  the  best  results  in  grimling,  the  steel  tool  si  i  on  Id  be  held 
ill  a  chuck  and  presented  to  a  V-shaped  wheel  "  witli  90'， 
included  angle,  for  convenience  in  grinding  tlie  different  faces 
of  tools,  for  increasing  the  available  g rinding  surface,  and 
to  enable  small  and  delicate  spiining  tools  to  be  ground." 
Also,  that  a  tangential  line  contact  of  wheel  and  surface 
o^round  can  always  be  maintained,  thus  permitting  a  constant 
flood  of  water  upon  the  line  of  contact,  and  allowing  much 
more  rapid  e^rinding  than  where  wheel  and  tool  have  a  surface 
contact.  "  The  tool -chuck  can  be  rotated  about  a  horizontal 
axis  parallel  with  the  shanks  of  the  tool,  and  can  readily  be 
set  up  to  any  angle  by  means  of  a  graduated  circle  and  vernier 
reading  to  +。.  It  is  carried  in  a  frame  which  can  be  rotated 
about  a  vertical  axis  passing^  near  the  poi"t,  of  the  tool,  and 
can  be  set  to  1。.，，  Thus  it  becomes  a  universal  tool  grinder 
for  all  shapes  and  sizes  except  concave. 

Engineers  have  in  recent  vears  advised  and  perfected  stan- 
dard work  ill  all  lines  of  manufacture,  and  capitalists  are 
rapidly  adopting:  these  standards  in  lead  in  sf  lines.  But  many 
financial  managers,  and  also  some  engineers,  are  not  aware 
of  the  fact,  that  while  adopting  standard  construction,  cranes, 
Tiiachine  tools,  steels,  and  foundrv  metal  to  m ake  a  standard 
product  they  are  overlooking-  a  very  important  link  in  the 
chain  of  production  when  they  ornit  standard  shapes  of 
cut  tin  Of  tools.  One  weak  link  measures  the  power  of  the 
chain. 

The  "whole  object  of  an  eiie^ineei'in.e  works  from  purchase 
of  real  estate  to  snle  of  product  is  to  chanee  ronsfh  metal  into 
fi'iishod  product  the  most  rapid Iv  and  witli  the  least,  expense. 
Tl、 '、  kevno^^e  of  t，、p  "'l、ole  nro('iicfimi  is  the  ans^le  of  the 
nit  tin  o-  tool.  More  chips,  size  of  ])av-roll,  ami  dividends  all 
denpud  m)o，i  ii . 

To  get  the  benefit  of  liio^Ti -speed  steel  tools  tliev  ；/'  itsf  be 
jTro'uicl  at  nroper  ane】es，  for  if  n seA  uvon  old  rracliine  tools,  the 
wrone  aneles  of  a.  iraiority  of  liand-?ro"nd  tools  soon  wreck  the 
midline  tools.  Tf  '，se(l  unon  mrvlern  nia/»1iiTie  fools  rlp^iened  for 
iTFinof  liisfh- speed  steels,  the  difference  in  strain  between  up"ip' 
proper  angles  in  the  cuttine'  eclo-e  and  wroiifr  esswork  aii.crl^s 
niav  run  into  tons  canse  tools  to  duV  soon*^r.  a  loss  of  time  ivi 
rhaufifing  tools,  and  a  waste  of  not'  oi、lv  hio-h-sneed  steel.  Vmt 
； it  n resent  very  lii"li-]inVed  steel,  in  dulHiicr  and  neediii<?  ij^i'ind^ 
ins;  so  soon  again. 


HARDENING  AND  TEMPERING  OF  F.UTFCTOIO  STEEL. 

At  a  recent  nieetino-  of  the  Amerit^an  Society  for  Testinfr 
Materials,  Dr.  Hen rv  M.  Howe  and  Arthur  G.  Lew  presented 
a  Da  per  entitled  "  Notes  on  the  TTardeninp'  and  Tempering  of 
F.ulectoid  Carbon  Steel  and  on  the  Shove  Test,"  of  wliich  tlie 
followinsf  is  a  smmnary  : ——  ， 

If  p-utectoid  sf,eel  is  heated  in  800°  C.，  and  quenched  either 
i»irnediatelv  or  after  slow  cooliiip^  to  one  or  another  of  a 
descend  in  JT  series  of  tempera  tva'es,  the  volume  of  the  quenched 
steel  decreases  progressively  as  the  ouenchino-  temperature 
sinlcs  t'o、var(】s  tlie  reco.lescence  or  A  r1 ,  showing  that  tlie  arrest 
of  the  transformation  bv  the  nuenchiiis:  "becomes  progressively 
less  coTTiDlete,  whereas  little  change  in  the  resuH'ant,  hardness 
occurs.  、  As  the  quenching  tern peratTire  is  lowered  from  above 
ho  l)e1ow  Arl  the.  decrease  of  vol""，e  is  o;reat.lv  and  siiddenlv 
exaop-erat ed,  aiid  a  sudden  loss  of  hnrclneps  occurs.  Further 
lowerine  of  the  onenchiiio-  tenineratnre  does  not  affect  the 
vohmie，  showiiit;  t-liat  tlie  iransfoi-uiation  completes  itself  on 
p;iss!ii<f  Arl.   Tlio  liardness  doci-oasos  proi^rossivoly  bona, n so  of 
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t lie  increased  opportunity  for  the  coalescence  of  the  ceinentite 
aiul  ferrite  respective! v. 

The  inicrostructural  changes  caused  by  tempering  are  obscure, 
and  seem  to  be  even  less  usefully  indicative  than  the  fracture. 
The  oxide  colours  found  in  the  tempering  cracks  are  the  deeper 
the  longer  the  tempering  at  given  temperature. 

The  observed  Shore  hardness  increases  with  the  thickness 
of  the  spe(imeii，  and  with  the  distance  from  the  edge  of  the 
specinion,  within  limits.  The  hardness  also  increases  on  siiper- 
posing  well-fitting  specimens,  but  not  when  many  specimens 
are  set  on  one  another,  probably  because  of  the  cumulative 
e fleet  of  surface  inacciiracies.  It  is  not  known  what  thickness 
and  distance  from  the  edge  are  required  for  true  readings, 
but  neither  a  thickness  of  0*62iii.  in  hardened  eutectoid  steel 
nor  a  distance  of  0*078in.  from  the  edge  in  tempered  steel  of 
about  0*20  per  cent,  of  carbon  suffices. 

On  repeating  the  Shore  test  in  the  very  same  spot,  the 
observed  hardness  at  first  increases  rapidly,  and  thus  becomes 
about  tripled,  so  that  that  of  dead  soft  ferrite  equals  that  of 
hardened  eutectoid  steel.  After  numerous  repetitions  the 
observed  hardness  drops  abruptly,  often  apparently  to  zero, 
to  recover  to  or  above  the  previous  maximum.  This  recovery 
may  be  spread  out  over  as  many  as  12  successive  impacts. 

Increasing  frequency  of  test",  though  its  effect  is  obscured 
by  these  abrupt  drops,  seems  to  accelerate  the  increase  of  hard- 
ness slie^htly. 

The  Shore  hardness  of  such  a  conglomerate  as  unhardened 
eutectoid  steel  may  on  one  hand  be  extremely  uniform,  or  on 
the  other  hand  it  may  vary  greatly,  with  a  surprising  tendency 
to  be  concentrated  on  two  numbers  about  midway  of  the  range, 
and  to  avoid  the  numbers  intermediate  between  these  two. 


NEW  PATENTS. 

Spfcificatiovs  of  th  c  foUoirinrj  arc  now  ph-hlish  rd,  and  w'r  -shciH 
hr  plrasrd  to  forward  copies  post  free  on  rcrript  of  8d.  Address 
" Mechanical  Enginrer,^^  53,  New  Bailey  Street,  Manchester, 

MECHANICAL,  1915. 

Apparatus  for  automatically  stopping  railway  trains.  Radi.  7527, 
Laminated  springs.    Frood  &  Cully.  9219. 

Driving  belt  fasteners.    Hartley,  Sherwood.  &  Mack  ay.  12113. 
Variable-speed  gear.    Rawlings,  and  Rawlings  Bros..  Ltd.  1211(3. 
Liquid-operated     power-transmitting     apparatus.  Hnngerford. 
12138. 

Machines  for  riveting  to^c^tlior  stnicttiral  shapes.  Marks.  12140. 
Steam  generators.    Winsl(>、v.  ]21()8. 

Coating  of  metal  plates  with  tin.  terno.  or  other  metal  or  alloy. 

Taylor,  12311.  ' 
Process  for  de-sulphurisiTij^,   rodnciiij^,   and  refining  nickel  ores. 

Burrows.  12358. 
Automatic  positive  clutches  for  power  presses.    Flower  &  Firth. 

12390.  '  ' 

Means  for  snpplvinjj;  fuel  to  internal  combustion  engines.  Cook. 

124r)G.  ' 

Combined    turning,    planing,    sluipin^,    and     drilling  machine. 

Crossley.  12483. 
Conveyors  of  the  jigging  typ< 
A|>|)aratns  for  promoting  th 

Scliofiold.  12.W2. 
.M(»cliai!ical  roasting  fnrnacoj^ 
l.atlios.    Colo.  18284. 

K;ist(Mi(M*s  for  driving  belts.    H  a  rtlcy.  Sherwood,  S:  Mack  ay 
\'aria})le  speed  gcan    Groves.    1 40:"i. 
Val vos  for  porcussivo  tools.    Mellc^rsh  Jackson.  15132. 
Heating  fiirnacos.    1 !  islop.  15220. 
( 'lian^(*-speed  m(、（'li a ii i si" .    ('a ley.    1 5229. 
KIrxihie  shaft  or  chain.    Olilsoii.  ir,:59o. 
Die  casting.    Ward  I**.  l'V"5. 

tSolf  stnrtinjz;    devices    tor    intcriml  coinbiistion    (、ngin(、s.  Wcl)!). 
10080. 

Ceiitrifnt^al  pinnpin^  nppii r;itiis.    British  Tliom,s(ni-Hnnst(»ii  C'*»ni 
paiiy.  lf)oM4. 

Water  -S-Vfitems  lor  i iitcrnal  mml'u'stion  engines.  ik'sloi". 

Kmi.  " 

Compr(»sso(I-air-()p(M'at('(l   liMiirl   tools  ； i iid   j)iirnps.       Gilinaii  iiiul 

Clements.  17009. 
Treatment    of"    w  ntcr    for    sortcniji;^    ;i tid    p'lrit'ving.  Ma^ratli. 

1  ntcriial  coiiiljiistioii  cii^iiit's.    f^a kc.  】7291. 
】）yna'"om(>t('r!s.    J{(K'kstr()h.    】 71)2(>. 

Feed  incchaiiism  of  horhig  and  tiirnitig  mills.  Webster  &  Bennett, 
Ltd.;  and  Thompson.  179；38. 


Marliin,  Downes,  A'  Mills.  12554. 
i '('Illation  in  boilers.      Ross  and 


Zavolborg.  12708. 


13990. 


D  riving  aiuI  control  nierlian isni  of  planing  niacliines.  Igranic 
Electric  Company.  18017. 

1916. 

Maniifaotni'o  of  metal  ingots.  Stool,  Peech,  A''  Tozer,  and  E.  H. 
Saniter.  497. 

Valves  for  iiiternal-coiiilnistioii  (Mi<;in(\s.    A.  W.  Reeves.  2566. 

Friction  clutches.    L.  Diilour.    ； 5()()7. 

('onstniction  of  vices  or  clamps.    H.  Southon.  4050. 

Internal  combustion  engines.    D.  I^uva.  4618. 

High  spt、tHl  oil  engines.    P.  Dempsoy.  5297. 

Stt、am  traps.      Steam  Fittings  Conipanv.  and  B.  AViesengrund 

Valvo  mechanism  of  interual-coinhiistion  engines.    L.  F.  Godeau 

and  P.  Bright.  6755. 
Lil  ting  jacks.    W.  J.  Meilersli  Jackson.  7171. 
I  n  to    a  I  combustion  engines.    ().  Imray.  7717. 
Steoriiifr  and  propelling  apparatus  for  surface  and  submarine 

vessels.    H.  Midclkton.  108o7. 

ELECTRICAL.  1915. 

Eh'ctrical    systems    for    use    with    internal  combustion  engines. 

Kettering  &  Chryst.  7757. 
Tolegraph  transmitters.    FoiTestor.  8012. 
Step  by  step  rheostat  switches.    Ross.  12309. 

Systems  of  electric  ship  propulsion.  British  Thomson-Houston 
Company.  12444. 

Method  of  generating  hi^h-frequencv  electric  currents.  Wall 
12536.  ' 

Telegraph  systems.  British  Insulated  and  Helsby  Cables,  Ltd., 
and  Harrison.  12561. 

Wireless  signalling  systems.  British  Tliomson-Houston  Company. 
12364.  ' 

Automatic  telephone  systems.  Kelay  Automatic  Telephone  Com- 
pany. 12678. 

Systems  of  distribution  for  elerti'ically-operated  railway  trains. 
Tumor.  15803, 

1916. 

Means  for  supporting  and  insulating  t^lcctric  lines.    Bullers,  Ltd.. 

and  G.  V.  Twiss.  1309. 
Electric  joint.    G.  H.  Scholes.  1035. 

Electric  car  lighting  equipments.  Albion  Motor  Car  Company,  ami 
T.  B.  Murray.    3559.  ' 

Holders  for  incandescent  electric  laiin)s.    J.  Salt.  4575. 

Means  for  telephonic  communication  to  ami  from  moving  railway 
trains.    V.  G.  Werner  and  K.  H.  Warfvinge.    6629  and  11397. 

Telegraph  transmitting  apparatus.    W.  J.  Mellersh-J ackson.  9193. 


METAL  QUOTATIONS. 

TUESDAY,  SEPTEMBER  19th. 

Aluminium  ingot    ―  per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  ，， 

sheets       ,,  ，，    一  " 

Antimony    £95/-/—  per  ton. 

Brass,  rolled.,   l/3§  per  lb. 

，，    tubes  (brazed)  -…  1/5J  ，， 

，，       ，， (solid  drawn)    1/3 J  ，， 

，，       ，， wire    1/2|  " 

Copper,  Standard    £116/-/-  per  ton. 

Iron,  Cleveland    87/6  ，， 

，， Scotch    ―  " 

Lead,  English   £32/—/-  ，， 

，， Foreign  (soft)   £30/10/- ，，  ' 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  "        "         medium    3/6  to  6/~  ，， 

，，  ，，       ，，         large    7/6  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    32|d.  per  oz. 

Spelter  (American)   £49/-/-  per  ton. 

Tin,  block    £171/10/-  per  ton. 

Tin  plates,  I.C   32/-  per  box. 

Zinc  sheets    £72  per  ton. 


Exports  of  American  Motor  Vehicles.  — The  exports  of 
A»neric;in  motor  vehicles  for  the  year  ended  June  30th  last 
was  77,496  machines,  valued  at  1! 】 9，700，000，  compared  with 
£12,000,000  in  the  preceding  year.  The  number  of  commercial 
vehicles  was  21,265,  and  passenger  cars  56,231.  Comparing 
the  months  of  June,  1916  and  1915,  it  is  interesting  to  note 
that  there  was  a  decrease  in  this  year's  exports  amounting  to 
£1,000,000,  due  no  doubt  in  large  measure  to  the  import 
restrictions  imposed  by  Great  Britain  on  motor  vehicles. 
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Labour  Hours  and  Output. 

That  labour  output  cannot  be  measured  simply  by  working 
hours  is  obvious  to  anyone  who  has  held  any  responsible  posi- 
tion of  management  in  an  engineering  workshop,  and  for  this 
reason  the  old  trade  union  demand  for  an  eight-hours'  day  for 
all  ranks  of  labour,  irrespective  of  its  physical  strain,  has 
always  seemed  absurd.    There  are  classes  of  labour  in  which 
continuous  application  for  less  than  eight  hours  is  quite  suffi- 
cient to  exhaust  a  man's  energies,  while  there  are  others 
requiring   only   occasional   attention    such    as   the  replace- 
ment   of    a    piece    of    material    or    tool    which    a  man 
can  follow    for    10    or    12    liours    without    undue  fatigue. 
What  is  the  most  efficient  length  of  working  day  to  secure  a 
maximum  sustained  output  is  one  which  can  only  be  decided 
by  observation  and  experience,  and  viewed  in  this  light  the 
White  Paper  issued  last  week,  giving  some  statistical  informa- 
tion gleaned  by  Dr.  Vernon  from  observations  of  the  output 
of  munition  workers  is  an  interesting-    contribution  Dr. 
Vernon  divided  the  types  of  labour  investigated  by  him  into 
five  classes,  ranging  from  "  very  heavy  ，，  to  "  very  light/'  the 
former  being  characterised  as  suitable  only  for  men  and  the 
latter  as  inappropriate  to  them  on  account  of  its  lightness. 
The  data,  though  provisional,  clearly  justifies  the  conclusion 
that  hours   of    labour  should  be  varied  within  wide  limits 
according  to  the  nature  of  the  work  performed,  and  further, 
that  women,  even  when  engaged  on  the  lighter    classes  of 
labour,  are  not  capable  of  sustaining  the  strain  as  persistently 
as  men.    Though  stern  necessity  may  compel  long  hours  of 
labour,  it  is  evident  that,  provided  the  maximum  output  is 
maintained,  the  shorter  the  hours  are  the  better  the  chance  of 
health  on  the  part  of  the  worker.    Hence  everything  should 
be  done  to  speed  up  production  so  far  as  this  can  be  effected 
mechanically  without  straining  the  physical  energy  of  the 
operative.      To  this  end  it  is  suggested  in  the  report  that 
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greater  promptness  should  be  exercised  in  starting  work,  while 
at  the  same  time  short  breaks  of  a  few  minutes  might  be 
introduced  into  the  morning  and  afternoon  shifts.  Long 
unbroken  spells  of  labour  on  work  of  a  repetitive  type  become 
monotonous  and  wearisome,  even  though  the  labour  be  light, 
and  output  as  a  consequence  falls.  Some  interesting  results 
bearing  on  tins  point  are  given  as  a  result  of  investigations 
made  by  Dr.  Vernon  at  a  particular  works.  Denoting  the 
output  of  certain  women  on  an  average  week  of  68'2  working 
hours  by  100,  lie  found  that  wlien  the  hours  were  reduced  to 
50  7  the  oul  |Hit ,  though  it  did  not  show  an  iiiiniediate 
increase,  rose  event uallv  to  ]  23.  He  noted  also  as  a 
curious  efTect,  t  hough  it  is  probably  in  keeping  with 
the  experience  of  most  of  us,  that  the  output  increases 
ill  the  period  immediately  preceding  a  holiday,  falls  imme- 
diately after  it，  and  then  rises  considerably  for  a  long  term. 
Dealing  with  the  results  obtained  from  the  same  group  of 
workers,  it  was  found  that  while  it  is  impossible  to  lay  down 
exact  rules,  it  could  at  least  be  asserted  that  to  attain  a 
maximum  output  the  hours  of  women  engaged  in  moderately 
heavy  manual  work  should  not  exceed  60  per  week,  and  that 
probably  even  a  reduction  to  56  hours  would  have  no  adverse 
effect  on  output,  so  that  the  latter  figure  should  be  regarded 
as  the  maximum  for  this  type  of  labour.  For  women  engaged 
on  light  labour  62  hours  is  regarded  as  the  best.  Turning  to 
nien^engaged  in  heavy  labour  it  was  shown  that  after  a  reduc- 
tion of  10"4  in  tlie  hours  of  work  per  week,  the  men  succeeded 
after  a  little  time  in  increasing  their  output  to  no  less  than 
13  per  cent,  above  the  old  hour  rate,  while  in  regard  to 
youths  the  effect  was  even  more  marked  after  they  had 
adjusted  their  efforts  to  the  shorter  hours,  the  output  in  11 
weeks  after  the  hours  of  labour  had  been  reduced  from  70*3 
to  57  being  no  less  than  42  per  cent.,  a  clear  indication  that 
the  former  length  of  week  was  excessive.  It  would  appear 
evident,  in  fact,  from  the  tests  made,  that  where  heavy  labour 
is  concerned  the  greatest  output  is  secured  by  a  series  of  short 
spells.  Oil  the  other  hand,  for  men  and  youths  engaged  on 
light  labour  the  experiments  showed  that  to  attain  a  maximum 
output  70  hours  or  more  per  week  were  necessary.  In  regard 
to  all  these  results  it  should  be  pointed  out  that  the  maximum 
hours  named  were  those  for  war  conditions,  and  pertain  only 
to  strong  and  healthy  operatives,  who  had  proved  their  com- 
petence at  munition  work. 


THE  ECONOMICAL  PRODUCTION  OF  POWER  FROM 
COKE-OVEN  GAS. 

In  a  ^jjaper  appearing  in  tlie  June  issut*  of  the  ''  Journal  of 
the  Institution  of  Electrical  Engineers,"  Mr.  G.  Dearie 
discusses  the  subject  of  coke-oven  gas  engines,  and 
describes  a  plant  ope  rated  under  hi.-;  supervision.  The  instal- 
lation consists  of  300  b.li.]).  to  500  b.h.p.  vertical  taiid eni  gas 
engines,  direct  coupled  to  3-phase  alternators  generating  cur- 
rent at  a  pressure  of  440  volts  and  a  frequency  of  50  cycles 
per  second.  Tlie  gas  engines  are  of  the  single-acting  type, 
'I -stroke  cycle,  the  cylinders  being  so  arranged  tli at  the  suction 
stroke  of  one  rvlinder  is  the  explosion  stroke  of  the  other  cylin- 
ders on  the  sarne  line.  By  this  arrangement  each  crank  receives 
one  impulse  per  revolution,  each  down  stroke  being  a  working 
impulse  of  eitlier  the  upper  or  the  lower  cylinders.  On  tlie 
up-stroke  tlie  inertia  of  tlie  moving  parts  is  absorbed  by  the 
compression  of  either  the  top  or  tlie  bottom  cylinder,  and  part 
of  the  inertia  is  absorbed  on  tlie  downward  stroke  by  the 
bulTer  cylinder  formed  under  the  upper  piston.  By  means  of 
til  is  arrangement  the  connecting  rod  is  always  in  compression, 
and  little  or  no  strain  is  thrown  upon  the  connecting-rod  bolts. 
This  is  an  important  feature,  as,  according  to  tlie  reports  of 
llie  various  iiisuranco  companies,  more  breakdowns  to  engines 
arc  caused  by  the  failure  of  ilieso  holts  than  by  any  other 


cause.  There  are  eight  cylinders  on  each  engine,  the  upper 
four  having  a  diameter  of  16'5in.  and  the  lower  ones  15'5in.， 
with  a  stroke  of  16in.  The  speed  is  300  revs,  per  minute  and 
the  full  load  is  500  b.h.p.  The  object  of  making  the  upper 
cylinders  lin,  larger  than  the  lower  ones  is  so  that  the  whole 
line  of  pistons  may  be  removed  together  ；  by  this  arrangement 
the  dismantling  of  the  engine  for  cleaning  purposes  becomes 
very  simple. 

The  gas  supplied  is  obtained  from  a  battery  of  110  Otto 
ovens  ；  60  of  these  are  waste  lieat  and  50  are  of  the  regenerat- 
ing type.  From  the  former  about  15  per  cent,  of  the  total  gas 
is  available  and  from  the  latter  about  40  per  cent.  The 
average  gas  pressure  is  approximately  lOin.  The  further 
purification  of  the  gas  after  it  leaves  the  by-product  jjlant  is 
very  important.  When  the  gas  leaves  the  benzole  scrubbers 
it,  contains  about  000  grains  of  sulphuretted  hydrogen  in  every 
100  cub.  ft.  If  til  is  sulphuretted  hydrogen  were  allowed  to  go 
through  the  engines,  a  considerable  amount  of  trouble  would 
be  experienced.  The  moisture  in  the  exliaust  gases  condenses 
as  the  engine  cools  down,  and  there  immediately  forms  sul- 
phuric acid  which,  in  its  turn,  would  attack  tlie  inside  of  tlie 
cylinders  and  the  exhaust  valves.  A  further  effect  is  that  the 
presence  of  sulphur  causes  a  certain  amount  of  pre-ignitioii 
of  tlie  charge  during  the  compression  stroke.  A  possible 
reason  for  this  is  that  the  presence  of  a  small  portion  of 
the  sulphuretted  hydrogen  acts  as  an  igniter,  it  being  more 
liable  than  the  rest  of  the  gas  to  spontaneous  combustion 
under  compression. 

The  gas  is  therefore  purified  by  oxide  of  iron  in  a  set  of 
four  purifiers  of  the  Wilbourne  type，  each  20ft.  square  by 
5ft.  deep.  The  boxes  hold  about  30  tons  of  oxide  in  two  tiers 
of  ordinary  grids.  These  boxes  are  worked  on  wliat  is  known 
as  the  "backward-rotation"  principle.  Air  to  the  extent 
of  2h  or  3  per  cent,  is  drawn  in  at  the  exhauster,  and  this  air 
supply  plays  a  very  important  pait  in  the  re-vivifying  of  the 
oxide  in  the  purifiers  ;  prior  to  tlie  introduction  of  tliis  air 
the  oxide  in  the  purifiers  was  changed  at  the  rate  of  one  box 
for  every  four  weeks.  After  the  introduction  of  the  air,  the 
period  between  the  changes  was  extended  from  four  weeks  to 
four  months.  The  total  sulphur  contained  in  the  gas  after 
passing  the  purifiers  is  less  than  50  grains  per  100  cub.  ft., 
and  the  further  advantage  of  the  purifiers  is  that  they  elimi- 
nate absolutely  the  last  traces  of  any  tar  which  may  be  left 
in  the  gas  after  passing  tlie  benzole  scrubbers. 

During  the  initial  running  of  the  plant,  some  trouble  was 
experienced  due  to  the  difficulty  of  obtaining  satisfactory 
mixing  of  the  gas  and  air.  The  usual  method  has  been  to 
dilute  the  mixture  with  a  certain  amount  of  exhaust  gas.  The 
writer  considered  this  method  somewhat  inefficient  and 
resorted  to  the  following  expedient  ：  The  main  gas  pipe  to 
each  engine  was  reduced  for  a  distance  of  about  10ft.  to  sn 
internal  diameter  of  2Mn.,  and  on  reaching  the  engine  was 
led  into  the  mixing  chamber  for  a  distance  of  about  Gin. 
Entering  the  mixing  chamber  at  right  angles  to  this  pipe, 
and  about  3i".  above  its  end,  was  an  auxiliary  supply  con- 
trolled by  a  diaplira^m  governor.  The  gas  admitted  through 
the  mixing  chamber  was  tlien  diluted  by  a  certain  quantity 
of  air.  A  fu rther  air  supply,  controlled  by  a  liancl  lever  from 
tlie  driving  platform,  was 】ed  direct  into  the  chamber  of  tlie 
governor  valve  where  the  diluted  gas  and  air  met.  After 
passing  through  the  chamber  of  the  governor  valve  tlie  mix- 
ture was  given  a  rotatory  motion  by  means  of  a  set  of  vanes, 
and  was  also  very  thoroughly  mixed  by  being  passed  through 
a  set  of  perforated  plates.  With  this  device  over-lieatiiig  or 
pre-ignitiou  were  eliminated  and  the  engines  could  be  run  up 
to  and  above  tlieir  rated  capacity  without  trouble. 

Du ring  March,  1914,  a  luaxinnim  of  15,000,000  cub.  ft.  was 
used.  During  that  period  the  author  had  been  unable  to  pay 
the  necessary  attention  to  tlie  question  of  gas  consumption. 
The  matter  was  then  taken  up  and  by  regular  analyses  of  tlie 
exhaust  gases  combined  with  instructions  to  the  drivers  to 
drive  by  the  pressure  gauge,  the  gas  consumption  was  reduced 
to  12,500,000  cub.  ft.  at  the  end  of  May,  and  was  still  further 
reduced  later  on,  the  load  remaining  approximately  the  same. 
The  present  consumption  is  approximately  39  cub.  ft.  pei'  kilo- 
wait^hour.  For  the  m ost  tried  pai't  of  a  gfis  engine  of  the  type 
dcscriberl,  tlie  exhaust  valve,  nickel  steel  was  found  to  be  the 
best  material.  - 
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PRESSURE  OIL  FILM  LUBRICATION.* 

II V    II.    r.   NKW  HI  (；  I  N,    A.M.I  NST.C.i:. 

TuE  pi  itiiit  ivo  form  of  journal  boariui;  is  nierol y  ； i  holt*  Imrcd 
Ml  the  frame  of  a  mju'liine  iti  vvliifli  a  si  i  a  It  rovolvos,  and 
primitive  thrust  hearing  is  only  h  collar  or  shoulder  on  a  shaft 
to  provoiii  it  moving  endways.  These  fulfil  tlieir  fiuu't ion 
satisfaclorilv  for  many  purposes,  but  as  the  rubbing  speed 
iiuTeasos,  either  due  to  an  increase  in  tho  slia.ft  diameter  or 
an  increase  in  the  speed  of  its  rotation,  or  botli,  it  becomes 
necessary  to  devote  more  attention  to  the  design  of  tliese 
machine  parts,  apart  altogether  from  the  effect  of  a  reductio)! 
in  friction  on  the  efficiency  of  the  machine  as  a  whole. 

Without  lubrication  a  bearing  will  not  run  without  exces- 
sive wear,  and  without  artificial  cooling  no  bearing  with  oil 
lubrication  will  run  continuously  if  the  temperature  rises 
above  1 50'^  Fail.,  because  at  about  this  temperature  most  oils 
begin  to  carbonise.    The  efficiency  of  a  bearing  must  therefore 


be  such  that  tlie  temperature  due  to  the  heat  generated  by 
its  friction,  minus  that  dissipated  by  radiation  and  conduc- 
tion, does  not  exceed  this  figure. 

In  order  to  reduce  the  friction  between  two  rubbing  sur- 
faces it  is  necessary  to  put  something  between  them,  and 
bearings  may  be  classified  into  those  in  which  this  is  a  hard 
material  such  as  steel  balls  or  rollers,  or  a  viscous  substance 
like  oil  or  grease. 

The  first  class  does  not  consist  merely  in  introducing  balls 
or  rollers  between  the  relatively  moving  surfaces  in  the  primi- 
tive forms  of  journal  and  thrust  bearings,  they  are  highly 
specialised  machine  parts  designed  to  utilise  to  the  greatest 
advantage  the  rolling  action  of  balls  or  rollers  in  reducing 
friction,  and  their  design  is  evolved  from  a  study  of  this 
action.  On  the  other  hand  (except  in  the  cases  to  which  refe- 
rence will  be  made  later),  the  second  class  consists  merely  in 
applying  a  lubricant  to  the  primitive  forms,  or  to  some  slight 
modification  tl'ereof.  They  are  not  designed  to  utilise  the 
action  of  the  lubricant  on  any  principle,  the  lubricant  is 
merely  added  to  the  primitive  forms  because  it  has  been  found 
to  make  them  work  better.  Ball  and  roller  bearings  have 
attained  to  a  remarkable  degree  of  perfection,  and  they  are 
admirably  suited  for  bearings  in  which  the  loads  to  be  carried 
arc  comparatively  light,  or  in  which  the  motion  is  intermit- 
tent, but  they  are  not  suited  to  carry  heavy  continuous  loads, 
c.ipccially  at  high  speeds. 

Ill  ball  bearings  tlie  steel  balls  make  point  contact  with 
hardened  steel  races,  and  the  balls  tend  to  flatten  at  the  point 
of  contact.  Under  excessive  continuous  loads  this  slight 
deformation  of  the  balls  causes  their  outer  surface  to  shell  off, 
the  chips  get  under  the  other  balls,  and  ultimately  destroy 
the  construction  of  the  bearing.  The  life  of  the  balls  is 
limited,  frequent  renewals  are  necessary,  and  to  effect  these 
renewals  it  is  essential  to  dismantle  the  bearing. 

Ill  roller  bearings  tlie  rollers  make  (or  are  supposed  to 
make)  line  contact  with  the  housing  and  with  the  shaft. 
Although   they  are  able  to  carry  heavy  loads,  it  is  very 

*  Paiiov  read  before  Section  G  of  the  British  Association  at  Newcastle,  Sc li- 
tem bcr,  19W. 


(lin'iruU,  io  iiiaiiitaiii  corroct  ali^Miiiioiit ,  and  any  slowing'  of  t.iie 
» oilers  sets  up  a  heavy  end  tlirusi  a^'aiiisi  the  cago  in  wlii<rli 
they  work.  Furtliennore,  as  the  rollers  boar  dire (； lly  on  tlie 
shaft,  the  ronsiani  rolling  action  lends  to  larrtitiate  ilio  Hurface 
and  so  wear  it,  away.  I  n  roller-ilirust  hearing  it  is  iiecesHary 
to  make  the  rollers  conical,  aiuJ  as  ilioy  therefore  have  a 
heavy  radial  thrust  this  type  of  bearing  is  not,  mudi  used. 

The  great  advantage  of  both  Imll  ami  roller  bearings  is 
their  low  starting;  friction  ;  for  this  reason  tlioy  are  especially 
suitable  for  intermittently  moving  machinery,  but  in  con- 
tinuously rmiiiing  machinery  where  a  low  starting  friction  is 
of  less  importance  than  a  low  running  one,  it  is  obviously  a 
great  advantage  to  have  the  rubbing  surfaces  separated  by 
something  more  easily  replaceable  tlian  either  balls  or  rollers, 
especially  if  it  is  sometliing  that  can  be  continuouKly  replaced 
without  stopping  the  machine,  and  the  more  so  if  it  is  also 
capal)le  of  being  used  in  high-speed  bearings  as  a  medium 
for  carrying  away  the  lieat  generated  by  friction  from  the 
actual  surface  of  its  origin. 

It  is  with  tlie  second  class  of  bearings— those  in  which  the 
surfaces  are  separated  by  a  fluid  such  as  oil  in  the  case  of 
high-speed  and  grease  in  tlie  case  of  low-speed  bearings ― that 
this  paper  is  more  immediately  concerned.  The  use  of  a 
lubricant  for  the  purpose  of  reducing  friction  is  very  old,  but 
the  study  of  its  action,  and  more  especially  the  manufacture 
of  bearings  designed  to  utilise  this  action  to  the  best  advan- 
tage, is  quite  modern. 

The  action  of  a  lubricant  is  twofold  ；  it  first  of  all  alters 
the  nature  of  the  rubbing  surfaces,  thereby  reducing  friction 
(and  this  is  tlie  commonly  accepted  justification  for  its  use), 
but  under  favourable  conditions  it  goes  much  further  than  this 
and  automatically  generates  a  iiigh -pressure  oil  film  between 
the  surfaces,  entirely  eliminating  metallic  contact  and  thereby 
enormously  reducing  the  friction.  This  is  what  is  now  called 
" pressure  oil-film  lubrication."  It  occurs  to  a  limited  extent 
in  most  journal  bearings,  but  does  not  occur  in  ordinary  collar- 
thrust  bearings. 

The  phenomenon  of  pressure  oil-film  lubrication  was  first 
noticed  by  the  late  Mr.  Beauchamp  Tower  during  the  course 
of  a  series  of  tests  he  made  in  conjunction  with  the  Institute 
of  Mechanical  Engineers  in  1883  and  1885.  He  found,  while 
experimenting  with  a  journal  bearing,  that  under  certain 
conditions  the  rotation  of  the  shaft  was  capable  of  dragging 
the  oil  adhering  to  it  in  between  the  surfaces  to  such  an  extent 
as  to  force  the  surfaces  apart  with  a  high-pressure  oil  film,  and 
that  the  highest  pressure  in  this  oil  film  was  about  twice  the 
average  pressure.  He  also  found  that  the  highest  pressure 
was  on  the  longitudinal  centre  line  of  the  brass  and  a  little 
forward  of  the  sectional  centre  line  in  the  direction  of  rota- 
tion, and  that  from  this  point  the  pressure  fell  to  zero  around 
the  edges  of  the  brass.  A  bearing  under  these  conditions  runs 
with  very  much  less  friction  than  under  any  other,  and  will 
carry  a  much  higher  load. 

Following  on  Tower's  experiments,  the  late  Prof.  Osborne 
Reynolds,  F.R.S.,  in  a  paper  read  before  the  Royal  Society  in 
1886  on  The  Theory  of  Lubrication,"  showed  that  the  fric- 
tion under  the  circuinstances  was  merely  that  due  to  the 
viscous  flow  of  the  oil,  and  he  showed  how,  by  calculation 
based  on  the  theory  of  viscous  flow,  a  pressure  curve  may  be 
obtained  which  closely  approximates  to  that  obtained  experi- 
mentally by  Tower.  In  his  theory  Reynolds  made  the  assump- 
tion that  the  length  of  the  bearing,  the  dimension  at  right 
angles  to  the  direction  of  motion,  was  infinite,  and  as  this  is 
never  the  case  in  practice,  his  theory  was  of  little  practical 
value  and  it  did  not  lead  to  any  alteration  in  the  construction 
of  bearings.  From  the  practical  point  of  view  the  most 
important  things  that  he  showed  were :  (1)  That  in  order  to 
obtain  a  pressure  oil  film  between  lubricated  surfaces  the  sur- 
faces must  have  a  slight  inclination  to  each  other,  with  the 
opening  at  which  the  oil  enters  greater  than  that  at  which 
it  leaves.  Or,  in  other  words,  that  the  oil  film  must  be  wedge- 
shaped.  (2)  That  in  the  case  of  a  journal  bearing  the  wedge 
form  of  the  oil  film  occurs  naturally,  due  to  a  slight  shifting  of 
the  centre  of  the  shaft  in  relation  to  the  centre  of  the  brass. 
(3)  That  such  a  wedge-shaped  oil  film  cannot  occur  in  a  collar- 
thrust  bearing  ；  hence  tlieir  inefficiency  and  low-carrying 
capacity. 

It  was  left  to  an  Australian  engineer  and  mathematician, 
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^1  r.  A.  G.  il.  Michell,  of  Melbourne,  not  only  to  complete 
Reynolds's  theory,  but  also  to  show  how  its  teaching  can  be 
applied  in  practice,  to  the  vast  imj)rovemeiit  of  both  thrust 
and  journal  bearings.  In  a  paper  published  in  Zeitschrii't 
fiir  Matheniatik  und  Pliysik/'  in  1905,  on  "  The  Lubrication 
of  Plane  Surfaces,"  lie  gave  the  complete  mathematical  solu- 
tion of  Reynolds's  theory  as  applied  to  plane  rectangular 
surfaces.  And  on  the  assumption  tliat  the  thickness  of  the 
oil  film  at  the  entering  edge  is  twice  as  great  as  at  tiie  leaving 
edge,  he  showed  how  lines  of  equal  ])ressiire  within  the  film 
can  be  plotted  and  liow  the  centre  of  resultant  pressure  can 
be  determined  for  j)laiie  rectangular  surfaces  of  varying  pro- 
portional cross  dimensions.  He-  also  demonstrated  practically 
that  a  rectangular  block  pivoted  at  its  point  of  resultant  pres- 
sure will  automatically  assume  an  angle  to  an  opposing  lubri- 
cated surface,  depending  on  the  speed  of  rubbing,  viscosity 
of  the  oil,  and  pressure.  On  this  principle  he  founded  his 
now  well-known  thrust  bearing. 

Tiie  result  of  Mr.  Micliell's  work  has  been  to  enable 
lubricated  thrust  and  journal  bearings  to  be  designed  with 
the  principles  of  oil-film  lubrication  as  a  basis,  in  the  same 
way  as  ball  and  roller  bearings  are  designed  with  the  ball  or 
roller  as  a  unit,  and  as  distinguished  from  the  mere  applioa- 


In  order  to  bring  the  pressure  down  to  this  figure,  he  may 
either  use  a  few  collars  of  large  diameter  or  a  number  of 
collars  of  small  diameter.  If  lie  does  the  former,  lie  increases 
the  radius  at  which  the  friction  acts,  and  so  the  power 
absorbed  and  the  heat  generated,  and  if  he  does  the  latter  it 
becomes  increasingly  difficult  to  maintain  an  equal  distri- 
bution of  the  load  among  the  collars,  especially  under  the 
variations  of  expansion  clue  to  the  heat  generated  when  the 
bearing  is  at  work.  Furthermore,  whatever  compromise  he 
makes,  there  comes  a  point  beyond  which  the  size,  load,  and 
speed  cannot  be  increased  because,  owing  to  the  liigli  coeffi- 
cient of  friction,  the  heat  is  generated  more  quickly  than  it. 
can  be  dissipated  l)y  radiation  and  conduction,  even  with  the 
aid  of  water  cooling. 

This  point  was  reached  in  the  case  of  the  thrust  bearings 
ill  geared  turbine-driven  vessels,  and  partly  because  the 
bearings  were  found  to  be  less  able  to  withstand  thrust  under 
the  uniform  turning  movement  given  by  this  type  of  engine 
than  under  the  varying  turning  inoveinent  given  by  recipro- 
cating engines.  It  therefore  became  necessary  to  find  a 
form  of  thrust  bearing  in  which  the  coefficient  of  friction  is 
lower  than  that  in  the  primitive  type. 

The  Micliell  thrust  bearing,  which  goes  to  the  root  of 
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tion  of  oil  to  the  primitive  forms  of  these  bearings.  The 
essential  feature  of  the  Michell  bearings  is  the  su}>divisioii  of 
the  stationary  surface  into  a  number  of  blocks  or  ])ads,  each 
pivoted  at  its  back,  and  so  free  to  assume  a  slight  angle  with 
its  contacting  surface.  Bearings  designed  on  this  principle 
differ  radically  from  the  primitive  forms  of  journal  and 
thrust  bearings,  but  the  results  ot)tained  in  practice  have  fully 
justified  the  change. 

Taking  the  case  of  the  thrust,  bearing  first,  the  Michell 
thrust  bearing  differs  fi'oni  the  older  type  in  having  only  one 
collar,  the  multiplicity  of  collars  in  the  older  type  having  been 
necessitated  by  the  low  carrying  capacity  of  parallel  rubbing 
surfaces,  as  disting^iished  from  the  high  carrying  capacity  of 
those  in  which  the  fixed  surface  is  sub-divided  and  made  free 
to  assume  the  angle  to  the  opposing  collar  necessary  for  the 
forrrialion  of  oil  pressure  within  the  iilin. 

The  irnj)ortaiice  of  efficiency  in  machinery  is  not  merely 
a  question  of  economy  of  power  or  fuel,  it  also  controls  the 
practicability  of  a  design,  and  the  design  of  bearings  is  an 
example  of  this.  For  example,  in  the  design  of  a  large  multi- 
collar  thrust  bearing  (which  is  merely  an  elaboration  of  the 
primitive  form)  the  problem  the  designer  has  to  solve  is 
governed  by  the  efficiency  of  this  form.  He  has  given  a 
shaft  of  a  certain  diameter,  revolving  at  a  certain  speed,  and 
which  has  to  withstand  a  certain  thrust.  The  resistance  to 
turning  will  be  about  0*03  of  thut  llirust,  and  the  (greatest 
load  that  the  bearing  surfaces  will  carry  with  safety  is  ul>oiit 
501hs.  per  square  inch. 


the  matter  and  is  designed  from  tiie  point  of  view  of  the 
action  of  the  lubricant  in  automatically  generating  a  pressure 
oil  film  between  the  surfaces,  has  formed  a  complete  solution 
of  the  difficulty.  It  lias  a  coefficient  of  friction  of  about 
0'0015  as  against  0'03,  and  carries  200 ― SOOlbs.  per  square 
incli  with  a  much  greater  factor  of  safety  than  the  primitive 
fonn  has  at  501bs. 

The  sub-division  of  the  fixed  surfaces  into  a  number  of 
segmental  tipping  blocks  or  pads  is  the  essential  feature  of 
all  thrust  bearings  made  on  this  principle,  but  there  are 
many  variations  in  the  design  of  the  housing  and  method  of 
carrying  the  tipping  blocks,  depending  upon  the  particular 
use  to  which  the  bearing  is  to  be  put. 

Fig.  1  shows  sectional  side  and  end  views  of  one  form  in 
which  marine  thrust  blocks  are  made.  The  shaft  A  is 
supported  in  two  journal  bearings  B,  one  on  each  side  of  a 
single  collar  C，  which  bears  against  two  series  of  segmental 
pivoted  blocks  t)，  arranged  in  the  form  of  two  inverted  horse- 
shoes, the  one  for  "  ahead  ，，  and  the  other  for  "  astern " 
thrust.  The  blocks  D ~ each  of  which  is  pivoted,  somewhat 
behind  its  centre,  on  the  ends  of  the  screws  GT ― rest  on  two 
ledges  E，  concentric  with  the  shaft.  They  are  prevented 
f rom  rotating  with  the  shaft  by  means  of  the  stops  F,  by 
removing  which  they  may  be  taken  out  without  disturbing 
the  adjustment  of  the  screws  G，  or  lifting  the  shaft.  Fig.  2 
shows  a  detail  of  one  of  the  blocks  D，  and  of  its  screw  G. 
The  body  of  the  housing  forms  an  oil  well  in  which  tlie  collar 
revolves,  and  a  scraper  H  is  provided  to  sciape  off  the  oil 
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broui^hl  u|>  l)v  t  he  I'olal  iii^-  coll.-n-  I'm'  1  lie  purpose-  of  lul>ri 
cat iiii;-  ll"、  11|»|>(、1'  I 山" ks.  This  tv|>r  is  sell-conl aiiiotl  as 
i'e«;;u\is  luhrical  ion.  and  in  t  lit'  case  of  lar^e  sizes,  or  t hose 
ruiiniii*;  ill  ''1  liii^h  spct'd,  ( lie  Ixxl y  I  lie  Ix'ari'ii^  is  \v;it  or- 
jacket  tni .  Tli(、  i'vici  ioii  is  a  boul  i  1 1  of  t  ]ia(  in  flic  niii  It  i- 
coUar  type. 

Ill  t he  case  of  t \\v  t  lirust  l)e;u'in 乂 s  in  si oam  1  urhiiies  the 
type  adopted  is  soinewli;it>  dilYercMit .  The  blocks  are  syiiunet- 
rk'ally  disposed  around  the  faces  of  the  collar,  and  eacli 
series  is  mounted  on  a  ring  partly  spherical  on  one  face,  the 
convex  surfaces  of  which  are  outward  and  rest  on  corre- 
spoiuiiiii^lv  spherical  seats  for  I  lie  |)iir[)()se  of  auloinat  ically 
dist  ribut ino;  the  load  among  the  blocks.  The  blocks  are 
mounted  on  the  faces  of  the  rings  next  the  two  sides  of  llie 
collar  against  which  they  pivot,  either  along  radial  lines  or 
on  rounded  pins.  This  type  is  entirely  enclosed  and  is 
supplied  with  an  oil  circulation  by  means  of  an  independent 
pump.  The  oil  passes  through  an  oil  cooler  on  its  course, 
thereby  removing  the  heat  generated  by  friction  from  the 
actual  surface  of  its  origin.  The  mean  rubbing  speed  some- 
times exceeds  100ft.  per  second.  Slow-speed  bearings  are 
made  on  the  same  principle,  with  grease  lubrication. 

Upwards  of  800  Michell  thrust  bearings  are  now  running 
in  this  count ry  alone,  in  sizes  varying  f rom  lin.  to  Iain. 


diameter  of  shaft,  and  larger  sizes  are  in  course  of  con- 
struction. The  use  of  them  is  rapidly  becoming  the  standard 
practice  in  steam  turbine  work.  The  same  principle  is  now 
iDeing  applied  to  journal  bearings.  In  lubricated  journal 
bearings  of  the  primitive  type  (as  already  stated)  the  pheno- 
menon of  pressure  oil  film  lubrication  occurs  naturally,  due  to 
the  slight  shifting  of  the  centre  of  the  shaft  in  relation  to 
the  centre  of  the  brass,  but  its  occurrence  is  much  less  marked 
in  the  case  of  bearings  of  large  diameters,  probably  owing  to 
the  greater  oil  clearance  that  is  necessary  in  large  sizes  and 
to  the  extreme  thinness  of  the  oil  film.  For  exam  pie,  a 
journal  bearing  of  2iii.  or  3iii.  diarn.  will  run  satisfac- 
torily under  a  pressure  of  3001bs.  to  4001bs.  pressure  per 
square  inch,  but  it  is  not  found  advisable  to  load  large 
bearings  above  lOOlbs.  even  with  a  forced  oil  circulation. 

The  pressure  oil  film  only  occurs  along  a  narrow  strip 
in  the  primitive  type,  and  the  remaining  surface  merely  forms 
a  brake  on  the  rotation  of  the  shaft.  So  that  the  designer 
is  again  restricted  and  can  only  reduce  the  pressure  to  the 
limit  found  safe  in  practice  by  increasing  the  length  of  the 
bearing.  But  by  sub-dividing  the  circumferential  surface 
into  a  number  of  segments,  each  of  which  is  pivoted  at  its 
back  and  thereby  free  to  form  an  independent  pressure  oil 
film  between  its  rubbing  surface  and  the  shaft,  the  iiuniber 
of  the  pressure  oil  films  can  be  increased,  so  that  the  full-  pro- 
jected surface  of  the  bearings  becomes  effective  for  carrying 
load,  and  the  brake  surface  is  eliminated.  The  friction  is 
thus  reduced,  the  load-carrying  capacity  increased,  and  the 
bearing  shortened. 


A  series  of  ton  Is  has  rocoiit.ly  l>e<'ii  rim  on  a  Michell  join  ii.i  I 
l»*'aniiM'  al  I  he  works  of  Mcssih.  (！ arntiH-ll,  |,air<i,  &  (，o.,  JJd., 
liirkeiihc.'ul.  Vv^.  ；)  shows  details  of  t  lie  expei  iinenlal 
l)(、;iriM".  Ah  will  he  seen  from  Fi<(.  ；；,  ilu;  l""iriii"'  Hurfare  in 
divided  into  12  segments,  oacli  of  which  is  ])ivoicd  on  a  rib 
；"' ils  Imuk,  so  that  it  ia  free  to  lift  uL  il.s  leadiii^^  edge  to  allow 
the  necessary  wedge-shaj)ed  oil  film  to  fonn.  The  i'aceH  of  the 
segments  or  blocks  are  lined  with  white  inetal,  ea (； li  surface 
l>eing  2in.  square,  giving  48  sq.  in.  of  ruljhing  Hurface,  the 
eq uivalent  projected  area*  of  each  half  of  the  hearing  IGA  s(|.  in. 

In  addition  to  the  segrneuls  being  free  to  tilt,  1,1  le  seal  on 
wliicli  they  rest  is  partly  spherical,  Iherebv  making  1  he  bearing 
also  a  swivelling  one.  A  circulation  of  oil  was  ])assed  through 
the  bearing,  entering  it  between  each  pair  oi'  blocks  from 
the  chambers  A  and  B，  and  escaping  at  D.  The  hearing  was 
driven  by  means  of  an  electric  】notor，  and  the  aninieter  and 
voltmeter  readings  recorded.  Each  run  was  continued  unf  il 
the  oil  temperature  ceased  to  rise.  The  ingoing  and  outgoing 
temperatures  of  the  oil  were  also  recorded,  together  with  the 
weight  of  the  oil  passing,  and  the  revolutions  per  minute.  The 
load  was  applied  by  adding  weights  to  the  scale  pan  of  a  lever, 
the  leverage  being  11  to  1.  The  accompanying  table  gives  the 
results  observed,  together  with  the  friction  calculated  from  the 
heat  taken  up  by  the  oil.  The  friction  is  that  for  the  two 
halves  of  the  bearing  pressed  together.  To  get  the  coefficient 
of  friction  these  figures  require  to  be  divided  by  twice  the  load. 

STONE-DUSTING  OF  MINES. 

An  interesting  paper  entitled  "Notes  on  the  Stone  Dusting 
of  Steam  Coal  Collieries/'  by  Mr.  G.  D,  Budge,  was  read  at 
a  recent  meeting  of  the  South  Wales  Institute  of  Engineers. 
The  paper  contains  the  results  of  an  exhaustive  series  of  tests 
on  stone  cUisting,  and  as  a  result  of  his  experiments  the  author 
has  arrived  at  the  following  conclusions  : ― 

(1 )  On  many  haulage  roads,  the  dust  film  which  is  formed 
by  particles  carried  in  suspension  in  the  atmosphere  may 
accumulate  in  sufficient  quantity  to  be  dangerous  in  the  period 
of  14  days.  On  parts  of  exceptionally  dusty  roads  this  accu- 
mulation may  assume  dangerous  proportions  in  four  days. 

(2)  All  the  dust  raised  in  suspension  in  the  atmosphere  on 
a  stone-d listed  road  (in  the  ordinary  course  of  working)  will 
pass  through  a  60  sieve  ；  95  per  cent,  of  it  will  pass  through 
a  90  sieve  ；  and  77  per  cent,  of  it  will  pass  through  a  180 
sieve.  It  is  therefore  certain  that  only  the  finest  of  the  stone 
dust  comes  into  suspension  under  normal  conditions. 

(3)  The  greatest  accxuiiulations  occur  where  the  velocity 
of  the  air  is  high  and  where  the  speed  of  haulage  is  high. 

(4)  Most  of  the  dust  which  enters  the  mine  from  the  sur- 
face is  deposited  within  80  yards  of  the  downcast  shaft, 
probably  because  the  area  of  the  road  near  the  pit  bottom 
is  generally  large  and  the  air  velocity  correspondingly  low. 

(5)  If  the  journeys  of  coal  are  thoroughly  sprayed  before 
leaving  double  partings,  and  if  the  empty  trams  are  similarly 
treated  be  fore  coming  down  the  pit,  the  dust  raised  from  the 
to])  of  the  trams  (and  iu  the  case  of  the  empty  trams,  from 
the  inside  of  the  trams)  is  less  in  quantity  tliaii  that  raised 
from  the  floor. 

(6)  The  floor  dust  on  a  dry  haulage  road  loses  its  ash 
rapidly  owing  to  leakage  of  coal  dust  from  tram  doors,  and 
to  the  grinding  of  pieces  of  coal  by  the  tram  wheels.  A  very 
pure  coal  dust  is  found  in  the  groove  cut  by  the  flange  of  the 
wheel  on  each  side  of  the  road.  This  dust  is  raised  into  the 
atmosphere  in  large  quantities  by  every  passing  journey. 
Floor  dust  will  generally  become  reduced  in  ash  at  the  rate 
of  5  per  cent,  per  week  on  roads  dealing  with  300  to  400  tons 
of  coal  per  day  if  the  gradient  is  Sin.  to  4in.  per  yard  and  the 
speed  of  haulage  is  high. 

(7)  If  the  tioor  of  a  haulage  road  be  kept  moist,  and  the 
roof  and  sides  stone  dusted,  and  if  all  full  and  empty  journeys 
be  sprayed,  it  is  possible  under  average  conditions  to  reduce 
tlie  rate  of  accum ulatiou  of  suspension  dust  to  about  O'027oz. 
per  square  foot  of  road  surface  per  week,  even  where  the 
quantity  of  coal  passing  amounts  to  300  tons  per  day.  The 
suspension  dust  will  not,  however,  maintain  a  high  ash  per- 
centage over  a  long  period,  as  when  the  floor  is  wet  the  deposit 
is  formed  chiefly  of  dust  blown  from  the  tops  of  the  loaded 
trams.  It  will  probably  carry  27  per  cent,  of  ash  at  the  end 
of  three  nioiitlis,  being  diluted  to  this  extent  by  stone  dust 
raised  into  tlie  air  from  the  roof  and  sides  by  the  vibration 
and  increased  velocity  caused  by  passing  journeys. 
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FUEL  ECONOMY. 

First  Report  of  Committee  Appointed  by  the  British 
Association. 

{( 'o/tcl uded  from  pnge  221,) 
APPENDICES. 
The  Work  of  the  Sub-committees. 
The  following  memoranda  concerning  the  work  of  each  of 
the  five  Sub-Committees  will  sufficiently  indicate  the  various 
matters  which  are  at  present  chiefly  under  consideration,  and 
the  arrangements  which  have  been  made  for  their  future 
investigation. 

A. 

Chemical  and  Stafi>iticaJ  Sub-Coin  f/iitfee,^ —— Dr.  J.  T.  Dunn 
(chairman),  Prof.  P.  P.  Bedson,  Dr.  W.  Galloway,  Prof.  Thos. 
Gray,  Mr,  T.  Y.  Greener,  Prof.  L.  T.  O'Shea,  Sir  Richard  Red- 
may  ne,  Dr.  A.  Strahan,  and  Dr.  R.  V.  Wheeler. 

The  Sub-Committee  is  preparing  a  memorandum  and  a 
bibliography  upon  the  question  of  the  chemistry  of  coal,  and 
is  of  the  opinion  that  the  time  has  now  arrived  for  a  re-investi- 
gation of  the  subject  in  order  to  clear  up  a  number  of  out- 
standing points  connected  with  the  chemical  constituents  of 
coal,  their  mutual  relations  in  the  raw  material,  and  their 
influence  upon  the  character  of  the  various  products  obtain- 
able by  its  distillation  or  oxidation.  Accordingly,  some  of  its 
members  have  undertaken  experimental  work,  partly  on  new 
lines  and  partly  by  way  of  check  repetition,  with  the  object  of 
providing  a  basis  for  a  more  complete  attack  upon  the  sub- 
ject in  the  near  future.  A  group  of  research  assistants  is 
already  working  on  the  problem  under  Prof.  Bone's  direction 
in  the  Department  of  Chemical  Technology  of  the  Imperial 
College  of  Science  and  Technology,  London. 

As  an  important  part  of  the  work,  the  Sub-Committee 
hopes  later  on  to  organise  systematic  investigations  upon  the 
chemical  character  of  the  principal  British  coal  seams.  Such 
an  undertaking  would,  however,  involve  considerable  labour 
and  expense,  and  the  prospect  of  achieving  any  useful  result 
will  depend  entirely  on  the  amount  of  funds  which  may  be 
forthcoming  in  support.  The  Sub-Committee  is  of  the  opinion 
that  the  resources,  both  of  the  existing  laboratories  which  have 
been  established  within  recent  years  in  this  country  for  the 
special  investigation  of  fuel  problems  and  of  other  laboratories 
where  the  technique  of  the  subject  has  been  developed,  might 
be  utilised  more  than  they  are  at  present  in  this  connection, 
and  that  the  time  is  ripe  for  the  organisation  of  a  scheme  ot 
systematic  co-operative  research,  aided  by  national  funds,  in 
which  all  such  laboratories  may  participate. 

The  Sub-Committee  is  also  compiling  statistical  informa- 
tion relative  to  the  different  purposes  for  which  coal  is  used, 
and  has  entered  into  communication  with  the  Board  of  Trade 
upon  the  question,  but  the  collection  and  analysis  of  such 
statistics  has  been  greatly  impeded  by  the  war. 

Another  important  matter  into  which  the  Sub-Committee 
proposes  to  enquire  is  the  amount  of  wastage  due  to  coal 
which,  for  one  reason  or  another,  is  at  present  left  behind  in 
the  pits.  Part  of  such  wastage,  for  example  that  due  to  the 
occurrence  of  faults  in  the  coalfields,  is  unavoidable,  but  when 
all  such  allowance  has  been  made,  there  undoubtedly  remains 
a  large  wastage  in  working  which  might  be  and  ought  to  be 
avoided.  A  memorandum  is  being  prepared  on  the  reduction 
of  such  wastage  by  the  adoption  of  hydraulic  stowing,  a  prac- 
tice which,  although  in  vogue  on  the  Continent,  has  not  yet 
been  established  in  Great  Britain. 

B. 

Carbof/isafion  S/tb-Commiftee. ― Mr.  T.  Y.  Greener  (chair- 
man), Prof.  P.  P.  Bedson,  Sir  G.  T.  Beilby,  Mr.  E.  Bury,  Dr. 
Charles  Carpenter,  Dr.  J.  T.  Dunn,  Prof.  Thos.  Gray,  Mr. 
D.  H.  Helps,  Mr.  C.  H.  Merz，  Prof.  L.  T.  O'Shea,  Dr.  J.  E. 
Stead,  Mr.  G.  Blake  Walker,  and  Dr.  R.  V.  Wheeler. 

The  total  amount  of  coal  carbonised  in  this  Kingdom  for 
the  manufacture  of  metallurgical  coke  or  for  towns  gas  in  the 
year  1913  was  probably  about  35  to  40  million  tons,  or  approxi- 
mately one-fifth  of  the  total  home  consumption  of  coal  for  all 
purposes. 

According  to  a  recent  Parliamentary  Return  relating  to  all 
Authorised  Gas  Undertakings  in  the  United  Kingdom,  the 

♦  The  hainimn  and  Secretary  of  the  General  Committee  are  ex-officio  members 
of  each  Sub-Committee, 


(8)  If  the  floor  of  a  very  da  sty  haulage  road  cannot  be 
kept  moist,  but  all  journeys  of  trams  are  sprayed,  the  rate  of 
accumulation  of  suspension  dust  will  in  many  cases  be  0"  109oz. 
per  square  foot  per  week,  where  the  quantity  of  coal  passing 
amounts  to  300  to  400  tons  per  day.  When,  on  a  road  of  this 
description,  stone  dust  is  laid  in  sufficient  quantity  to  bring 
about  a  mixture  on  roof,  sides,  and  floor  of  60  per  cent, 
incombustible  dust  to  coal  dust  it  will  generally  be  found 
that  the  asli  content  of  the  suspension  dust  collected  one  week 
after  stone  dusting  will  average  40  per  cent.  If  no  further 
stone  dust  be  laid,  the  ash  content  or  the  suspension  dust  at 
the  end  of  four  weeks  will  be  reduced  to  20  per  cent.,  although 
the  mixture  on  the  roof,  sides,  and  floor  may  still  exceed  50 
per  cent,  incombustible  dust  to  coal  dust.  This  serious 
decrease  is  due  largely  to  the  daily  supply  of  fresh  coal  dust 
ground  up  by  the  tram  wheels.  It  accu rnulates  alongside  of 
t  he  rail,  exact  ly  in  the  same  way  as  dust  accu  rnulates  in  the 
groove  alongside  of  a  tram  rail  in  a  street.  In  order  to  abate 
the  dust  nuisance  in  towns,  this  groove  is  swept  daily.  In  a 
colliery  the  dust  lodging  in  this  groove  can  only  be  diluted 
(if  water  cannot  be  us^d),  and  by  applying  stone  dust  to  the 
floor,  close  to  each  rail  at  the  rate  of  lib.  per  yard  of  roadway 
per  day,  it  is  possible  to  maintain  the  ash  percentage  of  the 
suspension  dust  at  about  28  per  cent,  for  eight  weeks  after  the 
road  was  stone  dusted. 

(9)  On  haulage  roads,  where  the  velocity  of  the  air  is  low, 
the  speed  of  haulage  moderate,  the  gradient  not  exceeding 
Sin.  per  yard,  and  where  the  conditions  generally  are  against 
a  heavy  "  make  ，'  of  dust,  the  average  deposit  of  suspension 
dust  per  square  foot  of  road  surface  per  week  may  be  as  low 
as  0"036oz.  An  application  of  stone  dust  at  the  rate  of 
301bs.  per  yard  on  a  road  of  this  description  has  been  found 
to  maintain  the  dust  on  the  roof  and  sides  at  75  per  cent,  ash, 
and  the  suspension  dust  at  34  per  cent,  ash,  after  three  months 
had  elapsed  from  the  time  tlie  stone  dust  was  applied.  The 
floor  dust,  however,  showed  only  32  per  cent,  ash  at  the  end 
of  the  three  months. 


APPARATUS  FOR  REMOVING  DUST  FROM  SMOKE. 

A  SIMPLE  apparatus  for  removing  dust  from  smoke  was 
described  in  a  paper  read  before  the  American  Society  of 
Heating  and  Ventilating  Engineers.  The  apparatus  is  clearly 
shown  in  the  accompanying  sectional  views,  and  consists  of  a 
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Apparatus  fok  Kioicvixti  Dust  fuom  Smoke. 

large  settling  chamber  provided  with  a  set  of  baffles  so 
arranged  as  to  extract  the  maximum  amount  of  cinders  with- 
out creating  an  undue  resistance  to  the  flow  of  the  gases. 
Some  months  ago  the  apparatus  was  installed  at  a  plant  and 
has  given  every  satisfaction.  The  cinders  are  removed  once 
a  week  from  the  lioppers  below  tlie  settling  charnbei*  by  means 
of  the  bottom  cleaning  doors  shown.  The  actual  amount  of 
cinders  obtained  varies  with  the  amount  of  coal  used,  as  well 
as  the  percentage  of  iisli  contained  in  tlie  coal.  Ordinarily 
hIxjuI  5  cul).  ft.  of  cinders  are  removed  weekly  from  the 
collector. 
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total  quantity  of  coal  carbonised  for  1  owns*  gas  by  831  such 
iimlortakiiigs  in  t  he  year  11)13  aniounl tul  to  10,971,724  tons, 
from  wliioh  195,81^0  million  cubic  feet  of  coal  gas  were  pro- 
ihicotl,  or  say,  on  t  hf  average,  about  1 1  ,.100  cubic  feet,  per  ton 
of  coal  ojirbonised.  There  are  a  liUinber  of  gasworks  not 
inchuleil  in  this  Parliamentary  Ret  urn,  and  it,  is  com  puled 
t  hat  t  hev  oarbonise  about  one  and  u  quart  er  million  t  ons  of 
coal  per  iiumim.  Thus  the  total  coal  ('arl>onis(、（l  in  i^usworks 
throu^lioiit  t lie  Kin^tloin  in  the  year  1 9 1  would  ho  ； il)oi" 
18,'」0( 乂 000  tons.        '  ' 

The  amount  ot"  ； uniiioniuin  sulpluil e  produced  l>y  gasworl" 
ill  t  li;it  time  in  t.lie  Unit  ed  Kini^dom  was  oHicially  given  as 
182,180  tons,  wliich  on  the  above  basis  would  represent  an 
average  yield  of  al)()ut  22*4 lbs.  per  ton  of  coal  carbonised. 

No  such  complete  returns  are  available  in  relation  to  the 
manufacture  of  metallurgical  coke,  but  the  anioiuit  of  coal 
carbonised  for  this  purpose  in  1913  probably  did  not  fall  much 
short  of  20  million  tons.  Of  this  coal,  the  larger  proportion 
was  carbonised  in  by-product  ovens,  producing,  besides  coke, 
tar,  benzol,  &c.，  some  133,816  tons  of  ammonium  sulphate. 
Assuming  an  average  yield  of  22"51bs.  of  annnonium  sulphate 
per  ton  of  coal,  it  would  appear  that  approximately  13*3 
million  tons  wer?  carbonised  in  by-product  ovens,  and  probably 
about  half  that  amount  in  beehive  ovens. 

With  regard  to  the  coking  industry,  the  Sub-Committee 
has  already  undertaken  steps  to  secure  a  complete  return  of 
the  number  of  by-product  recovery  ovens  installed  and  working 
throughout  the  country,  the  character  of  each  installation 
(whether  waste  heat  or  regenerative),  its  coking  capacity,  the 
description  of  the  recovery  plant  connected  with  it  (whether 
direct  or  indirect),  the  number  of  benzol  recovery  plants  in 
operation,  the  quantities  and  yields  of  the  by-products  obtain- 
able, and  the  purposes  for  which  waste  heat  and  surplus  gas 
are  being  employed.  When  completed,  this  return  will  enable 
the  Committee  to  arrive  at  an  approximate  estimate  of  the 
margins  of  possible  economies  in  the  shape  of  improved  utilisa- 
tion of  the  coal  carbonised  which  can  now  be  effected  in  the 
coking  industry  and  the  directions  in  which  fm'ther  progress  is 
likely  to  be  made. 

A  memorandum  is  also  in  course  of  preparation  describing 
the  more  important  developments  of  the  by-product  coking 
industry,  from  its  inception  until  the  present  day. 

With  regard  to  gasworks  practice,  enquiries  have  been 
instituted  regarding  the  present  practice  in  connection  with 
the  manufacture  of  towns'  gas,  and  for  this  purpose  the  Insti- 
tution of  Gas  Engineers  is  officially  represented  on  the  Sub- 
Committee.  It  is  also  intended  later  on  to  consider  the  ques- 
tion of  low-temperature  carbonisation  from  the  point  of  view 
of  its  possible  economic  results,  but  up  to  the  present  time  so 
little  authentic  information  is  available  that  the  Committee 
would  welcome  the  offer  of  proper  facilities  to  enable  them  to 
investigate  the  matter. 

C. 

Metallurf/icafy  Ceramic ^  and  liefrartori/  M aterials  Suh- 
Commiftee. —— Dr.  J.  E.  Stead  (chairman),  Mr.  Robert  Armi- 
tage,  M.P.，  Prof.  J.  O.  Arnold,  Sir  Hugh  Bell,  Bart.,  Mr.  E. 
Bury,  Sir  Robert  Hadfield,  Mr.  Greville  Jones,  Dr.  J.  W. 
Mellor,  Mr.  Robert  Mond,  Mr.  Bernard  Moore,  Mr.  Benjamin 
Talbot,,  Mr.  B.  W.  Winder,  and  Mr.  H.  James  Yates. 

The  amount  of  coal  consumed  in  metallurgical,  ceramic, 
refractory  materials,  and  cognate  industries  probably  amounts 
to  approximately  20  per  cent,  of  the  total  home  consumption. 
Of  this,  probably  about  three-fourths  must  be  debited  to  the 
iron  and  steel  industries. 

The  Sub-Committee  has  taken  steps  to  ascertain  from  some 
of  the  larger  manufacturers  data  which  will  assist  it  in  deter- 
mining  the  actual  amount  of  fuel  which  is  being  used  on  the 
average  in  the  manufacture  of  the  various  brands  of  pig  iron, 
spiegeleisen,  ferro-manganese,  &c.，  throughout  the  Kingdom. 
A  memorandum  is  in  preparation  concerning  the  heat  balance 
of  a  blastfurnace  of  modern  construction  for  the  manufacture 
of  Cleveland  No.  3  aud  other  pig  irons,  and  a  description  will 
be  given  of  the  best  methods  now  available  for  the  utilisation 
of  the  surplus  gases  from  such  a  furnace.  Enquiries  are  also 
being  made  as  to  the  results  of  the  application  of  dry  air  to 
blastfurnaces. 

In  like  manner  a  series  of  questions  relative  to  fuel  con- 
sumption in  steelworks  has  been  prepared  for  circulation 
among  the  larger  steel  plants  in  the  Kingdom,  with  a  view  to 


ascertaining  bot  h  Ui"  present  average  '-(jtistirnpt  ion  and  tJin 
dired  ioiiH  in  wliicli  furt  her  economies  may  l)e  looked  l,()r  in  t  lie 
near  hd'ure.  1  ii  t  liis  connection  the  Sub-CJoinmiliei^  will 
endeavour  to  draw  u|)  a  statement  ； is  i'o  the  lay-out  and 

arran^^emeiit  of  a  coiiil)ined  hy-producl  coking,  iroii-sinelt  in»(, 
ami  steel-inakint^  plant'  from  tlie  point  of  view  ot*  ulilisin^  as 
completely  as  possible  surplus  t^^ases  and  wast  e  heat ,  and  tJiUH 
icalisiiii;  I  lie  maxim um  fuel  ccononi y  in  I  lio  lioavy-st  e (！ 1 
iiidustj-y.  ' 

Similar  enquiries  will  he  iiist it uted  in  leganl  ")  ])resfiid-day 
])ractit'e  and  results  in  relal-ion  to  (1)  iroiifouiidrios,  (2)  rriaiiii- 
facture  of  wrouglit  iron,  and  (3)  sju'cialised  st  eel  iiidust  ries. 

Two  members  of  the  Sub-Corninit.lee  specially  coiinecled 
with  the  ceramic  industry  have  undertaken  to  prepare  a 
memorandum  showing  the  average  ])resent  practice  and  the 
possible  margins  of  fuel  economy  in  relation  to  that  industry, 
and  information  is  invited  by  the  Suh-Comrnittee  relative  to 
glassworks  and  brickworks. 

The  Sub- Com rn ittee  desires  to  state  tliat  all  information  com- 
nuuiicated  to  it  by  individual  manufacturers  will  be  regarded 
as  confidential, and  will  be  used  merely  as  a  basis  for  arriving 
at  an  approximate  estimate  of  the  present  average  fuel 
consumption  per  unit  of  output  in  the  particular  industry  to 
which  the  information  relates. 

D. 

Poire r  and  Ste<irn  Ihfisituj  S iih-r(ntnniffee. —— Mr.  C.  H. 
Merz  (chairman),  Lord  Allert'on,  Mr.  J.  A.  F.  Aspinall,  Dr. 
Dugald  Clerk,  Mr.  S.  Z  de  Ferranti,  Sir  Robert  Hadfield,  Dr. 
H.  S.  Hele-Shaw,  Mr.  W.  W.  Lackie,  Mr.  Michael  Longridge, 
Mr.  Robert  Mond,  Hon.  Sir  Charles  Parsons,  Prof.  Ripper, 
Mr.  R.  P.  Sloan,  Mr.  C.  E.  Stromeyer,  Professor  Threlfall,  Mr. 
G.  Blake  Walker,  and  Mr.  B.  W.  Woodhouse. 

The  special  duty  of  this  Sub-Committee  is  to  investigate 
the  economies  in  fuel  which  would  result  from  the  use  of 
improved  methods,  and  it  has  been  decided  to  deal  with  the 
subject  under  the  following  heads  : ― 

(1)  To  consider  (a)  the  amount  of  fuel  consumed,  and  {h) 
the  corresponding  power  developed  in  the  United  Kingdom 
under  the  following  heads  :  Factories,  mines,  railways,  ships, 
and  steam  raising  for  other  purposes  than  power. 

(2)  To  consider  the  present  position  of  central  electrical 
power  plants  and  gas  undertakings  as  regards  power  supply. 

(3)  To  discuss  the  relative  merits  of  the  present  methods 
for  producing  power  by  steam,  gas,  oil,  and  petrol  engines, 
respectively. 

(4)  To  investigate  the  possible  saving  of  fuel  which  might 
be  effected  (a)  by  improved  plant,  (h)  by  greater  centralisation 
of  power  production,  {c)  by  co-ordination  with  metallurgical 
and  other  manufacturing  processes,  {d)  by  some  measure  of 
public  control,  (e)  by  better  supervision,  and  (,')  by  the  use  of 
inferior  grades  of  fuel  which  are  at  present  wasted. 

While,  on  account  of  the  magnitude  of  the  subject  and 
the  amount  of  investigation  involved,  it  is  not  possible  at 
present  to  submit  any  report,  it  m ay  be  mentioned  that  infor- 
mation has  been  sought  as  to  the  amount  of  fuel  consumed 
and  the  corresponding  power  developed  in  such  official  publi- 
cations as  the  Report  of  the  Royal  Commission  on  Coal 
Supplies  in  1905，  the  Census  of  Production  for  the  year  1907， 
and  the  Returns  published  annually  by  the  Home  Office  for 
Mines  and  Quarries,  and  various  shipping  and  Customs  reports. 
But  although,  from  such  sources,  fairly  accurate  figures  can  be 
obtained  for  the  amount  of  coal  used  annually  for  industrial 
purposes  and  shipping,  the  corresponding  figures  of  power 
produced  are  not  obtainable  from  any  published  returns  so  far 
as  can  be  ascertained. 

The  average  figure  of  51bs.  of  coal  per  horse-power-hoiir 
which  was  given  in  the  Report  of  the  Royal  Commission  on 
Coal  Supplies  in  1905  was,  we  believe,  deduced  from  returns 
from  a  number  of  typical  industrial  concerns  where  informa- 
tion could  be  obtained,  and  it  is  probable  that  this  estimate 
did  not  exaggerate  the  actual  coal  consumption  per  horse- 
power-hour at  that  time. 

In  view  of  the  impossibility  of  obtaining  accurate  returns 
of  fuel  consumption  per  horse-power-hour  from  the  whole  of 
the  power  users  in  this  country,  it  lias  been  decided  to  investi- 

♦  All  such  infonuatioii  should  be  sent  in  the  first  instance  to  Prof.  Bone  (Chair- 
man of  the  General  Committee),  at  the  Imperial  College  of  Science  aud  Tech- 
nology, London,  who  will  classify  and  sumuiarise  it  under  either  alphabetical 
letters  or  numerals  in  such  a  way  that  the  names  of  the  nianuTaftnrers  or  firms 
concerned  will  not  be  divulged  to  any  of  the  meuibcrs  of  the  Committee. 
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gate  the  matter  by  asking  for  detailed  returns  from  typical 
factories  in  various  trades  and  in  different  districts  through- 
cut  the  country,  selected  by  members  of  the  Sub-committee 
who  have  special  knowledge  of  particular  trades. 

Special  memoranda  are  in  course  of  preparation  on  ques- 
tions of  organisation  of  power  production  for  industrial  and 
transport  purposes,  the  use  of  large  turbine  and  gas  engines, 
and  other  important  aspects  of  the  power  question. 

Domisfic  Fit  (J  Sfih-Cow  nnfff'f.—Mv.  E.  1).  Simon  (chair- 
man), Mr.  A,  H.  Barker,  Prof.  H.  B.  Dixon,  Prof.  AV.  W.  llal- 
dane  Gee,  Prof.  W.  P.  Wynne,  and  Mr.  H.  James  Yates. 

The  amount  of  coal  actually  consinned  for  domestic 
purposes  in  the  United  Kingdom  probably  does  not  fall  far 
short  of  36  million  tons  per  annum ― nearly  one-fifth  of  tlie 
total  consumption  for  all  purposes  in  the  Kingdom.  To  tins 
would  have  to  l)e  added  the  '(  coal  equivalent  ，，  of  the  gas  and 
electricity  consumed  for  domestic  purposes,  if  a  correct  esti- 
mate of  the  total  domestic  coal  consumption  is  to  be  made. 
The  Royal  Commission  of  1905  estimated  that,  50  per  cent, 
of  the  coal  consumed  for  clomcslic  purposes  mi^lit  be  saved 
bv  the  installation  of  better  appliances,  so  tliat  there  is 
clearly  a  vast  field  for  economy. 

The  whole  question  of  domestic  uses  of  fuel  bristles  witli 
difficulties  and  complications.  In  the  first  place,  it  is  neces- 
sary to  discriminate  between  fuel  or  energy  consumed  in  the 
kitchen  for  cooking  and  other  similar  purposes,  and  that 
applied  for  the  lieatiiig  of  ordinary  living-rooms. 

In  the  vast  majority  of  the  houses  inhabited  by  the  artisan 
population  the  kitchen  fire  or  stove  is  the  only  place  in  the 
iioiise  where  fuel  is  burnt  ；  also  in  better-class  houses  it  is  only 
in  the  kitchen  that  fuel  is  burnt  daily  throughout  the  whole 
year.  Hence  it  would  appear  that  the  kitchen  is  responsible 
for  the  greater  part  of  our  annual  domestic  fuel  bill,  and 
therefore  the  question  of  the  relative  efficiencies  of  kitchen 
ranges,  gas  and  electric  cookers,  and  hot-water  supply  appa- 
ratus assumes  considerable  importance. 

Again,  the  selection  or  recommendation  of  particular 
means  or  apparatus  for  domestic  heating  cannot  always  be 
based  simply  upon  the  question  of  thermal  efficiency,  because 
it  also  involves  considerations  of  a  physiological  and  even  of  a 
psychological  character.  Thus,  for  example,  systems  of 
central  heating  whicli  have  been  recommended  on  grounds 
chiefly  of  thermal  efficiency,  and  which  are  so  universally  used 
in  America  and  on  the  Continent,  are  not  usually  acceptable 
to  the  average  Englishman,  wlio  undoubtedly  prefers  to  be 
warmed  by  the  radiation  from  a  bright  fire. 

This  being  so,  the  Sub-Committee  feels  that  it  will  he  wise 
to  recognise  at  the  outset  that  there  is  probably  no  single  solu- 
tion of  the  domestic  heating  problem  which  is  likely  to  be 
universally  adopted  within  any  measurable  period  of  time  ； 
and  tliat,  therefore,  it  should  preferably  concentrate  its  efforts 
upon  questions  of  more  immediate  practical  irn^^ortance. 

It  will  he  generally  agreed  tliat  any  reform  in  domestic 
fuel  ronsuniptioii  sliould  aim  at  acliieviiig  one  or  more  of  the 
following  objects,  iiainely  : ― 

(I)  Actual  mludion  in  cost  of  domestic  heal iiij?,  either  in 
the  form  of  direct  saving  of  fuel  or  ]a]>our,  or  hot'li  ； 

rJ)  Miti^i^atioii  or  abolition  (  f  llie  domestic  smoke  iiuij^ancc  ； 

and 

(3)  Better  liy^ienii-  coiulit ions  in  livini^-aimrtnient's  gene- 
rally. 

The  Sub-Committee  can  perhaps  best  discharge  its  duties 
by  considering  how  far  the  various  systems  now  available  for 
domestic  heating  fulfil  such  requirements,  and  how  they  may 
severally  be  installed  and  operat'e(】  to  tlie  best  advantage. 

In  order  to  do  this  the  Sub-Coniinittee  has  arranged  for 
experiments  to  be  carried  out  with  the  object  of  detenninint^ 
liow  to  produce  in  a  given  room  suitably  warm  and  liealtliy 
ronditions  at  a  minimum  cost  and  with  a  miiiinnirn  produc- 
lion  of  smoke,  and  how  such  coiiditions  may  be  defined  for 
huy  particular  room.  Also,  experimental  work  is  being  carried 
out  upon  tlie  relative  efficiencies  of  coal  fires,  gas  fires,  electric 
heaters,  and  the  like. 

Inasmuch,  however,  as  in  tliis  country  the  use  of  the  open 
coal  fire  will  probably  continue  for  some  iirne  to  come,  and  as 
there  are  undoiil)iedly  great  economies  to  l)e  immediately 
realised  by  tlie  wider  adoption  of  improved  fire-grates,  the  Sub- 
Committee  will  pay  special  ai  f eni  iuii  to  the  question  of 
improvements  in  the  construction  and    installation   of  sueli 


grates,  to  which  the  attention  of  architects,  builders,  and  the 
public  generally  ought  to  be  drawn. 

Arising  out  of  the  present  extensive  use  of  solid  fuel  in 
domestic  fires,  the  Sub-Committee  will  also  consider  the  impor- 
tant question  of  the  prospects  of  substituting  for  raw  coal 
some  form  of  carbonised  fuel  (semi-coke  or  coke).  There  can  be 
no  doubt  but  that  if  such  a  substitution  could  be  effected, 
without  either  increasing  the  domestic  coal  bill  or  involving 
some  other  disadvantage,  not  only  would  there  be  a  great'  addi- 
tion to  the  amount  of  valuable  by- product's  annually  obtained 
from  coal  consumed  in  the  Kingdom,  but  also  the  smoke 
nuisance  in  our  large  centres  of  population  would  be  materially 
reduced. 

Work  (川 these  lines  is  being  carried  out  in  the  Department 
of  Hcatintj  and  Ventilating  Engineering  at  tlie  University  Col- 
lege, London,  at  the  Municipal  School  of  Teclinology,  Man- 
chester, and  at  the  Department  of  Chemical  Technology  at 
the  Imperial  College  of  Science  and  Technology,  London. 


NEW  PROCESS  FOR  MELTING  STEEL  SCRAP. 

Our  Aijierican '  coiiteniporary,  "  The  Iron  Trade  Review/' 
gives  particulars  of  a  new  process  of  melting  steel  scrap,  the 
object  of  which  is  to  produce  metal  free  from  oxide  and  blow- 
holes, with  a  minimum  loss  of  the  metal  constituents.  The 
process,  whicli  lias  been  patented  by  Albert  E.  Greene,  Seattle, 
assignor  to  the  American  Smelting  and  Engineering  Com- 
pany, St.  Louis,  differs  from  most  of  the  previous  methods  used 
to  secure  steel  free  from  the  presence  of  oxides  of  iron  and  man- 
ganese in  that  it  acts  as  a  preventative  against  injurious  effects 
during  the  melting  of  the  steel  scrap  rather  than  attempting 
to  offer  a  means  of  remedying  the  undesirable  effects  after 
they  have  been  embodied  in  tlie  metal.  The  usual  remedy  for 
dissolved  oxides  is  to  add  deoxidising  alloys  at  the  time  of 
tapping  the  lieat  so  that  there  will  be  as  little  time  as  possible 
for  the  absorption  again  of  more  oxides  from  tlie  slag.  The 
Greene  process,  it  is  claimed,  eliminates  excessive  loss  by 
oxidation  by  the  use  of  a  slag  which  prevents  oxidation  by 
the  action  of  a  reducing  agent.  In  describing  his  method , 
Mr.  Greene  considers  a  case  where  ordinary  steel  scrap,  carbon, 
0'25  per  cent.  ；  silicon,  0*35  per  cent.  ;  and  manganese,  0"70 
per  cent.,  is  to  be  melted.  For  this  purpose  a  basic-lined  electric 
furnace  is  used  in  which  a  small  amount  of  steel  is  introduced 
either  by  melting  or  else  by  charging  in  the  molten  state.  A 
slag  is  then  melted  on  top  of  the  metal,  for  example,  a  lime- 
silica  slag,  the  necessary  fluidity  being  obtained  by  combining 
witli  the  basic  oxide  of  lime,  an  acideous  oxide  sucli  as  silica. 
This  fluid  slag  readily  covers  tlie  entire  bath  of  molten  metal 
and  makes  possible  quick-reducing  action  on  tlie  oxides  that 
collect  in  the  slag.  A  fluid  slag,  it  is  said,  also  serves  to  keep 
solid  carbonaceous  reducing  agents  from  contact  witli  the  steel , 
preventing  a  recarburisation  of  the  metal.  It  is  necessary, 
however,  to  provide  the  reducing  agent  in  a  reasonably  fine 
state  so  that  chunks  of  it  will  not  dip  through  the  slag  and 
come  into  contact  with  tlie  steel.  After  a  suitable  sla^  lias 
been  prepared  in  tlie  furnace,  the  scrap  is  charged  and  fine 
coke  is  tlirown  upon  t]ie  slag.  During  the  melting  of  the 
scrap,  fine  coke  or  another  form  of  reducing  agent  is  added 
as  conditions  require.  In  t'liis  process,  the  silicon  and  man- 
gaiiese  and  the  iron  may  be  prevented  from  oxidisation.  When 
the  batli  is  reduced  to  the  state  where  it  is  free  from  oxide  of 
iron,  tlie  steel  is  then  in  a  deoxidised  condition  and  is  ready 
to  pour  as  soon  as  the  temperature  is  properly  re  emulated.  The 
aiiiount  of  reducing  agent  necessary  to  bring  tlie  slag  to  a 
reduced  condition  depends  upon  the  oxides  which  enter  with 
the  metal.  The  colour  of  the  slag  is  an  indication  of  the 
extent  of  reduction.  Instead  of  a  solid  reducing  agent,  a 
I'edm'im'  gas  such  as  producer  gas  may  be  readily  employed 
with  satisfactory  results. 


The  Heroult  Electric  Steel  Furnace. ― According  to  "The 
Troll  Age/'  the  United  States  Steel  Corporation  has  granted 
licenses  for  the  installation  of  four  more  Ileroult  electric  steel 
furnaces,  there  being  a  2-ton  furnace  to  the  Warren  St'eel  Cast- 
ing Company,  St.  Louis,  aiul  three  G-ton  furnaces  to  the 
Alabama  Power  Compn ny,  Anniston.  These  four  furnaces 
brill o;  tlie  number  of  llcroull  furnaces  in  operation  or  con- 
tracted for  ill  the  United  States  and  Canada  to  7G. 
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CADMIUM  IN  SPELTER.* 

I;Y    W  AI.TKI;    I；  KN'I'ON    INCAI.l.S    (  T  .  S .  A  . ) . 

Foi;  soiiu*  [)ur|)os('s  cadiniuMi  in  s|u、Urr,  vyou  ； i  small  |u'r"'ii 
t  Ji^c  of  it,  is  deleterious.  I  ii  spelt  or  1  lial  is  ")  usimI  for 
slush  castings  t  here  is  lu)  tloiibt  al)()t"  it .  1  n  s|>('l">r  lor 
brass-makiii'j;  there  is  m)t  t lio  saino  certainty.  For  brnss  thai 
is  to  ho  cast  and  machined  t he  adverse  ofTect  of  cadinium  is 
probably  overestimated,  ami  it  iiuiy  not  he  adverse  at  all. 
For  carl ridi>;e  brass  it  is  ol^ject ioiiable.  1  ii  many  cases  where 
cacliniuin  is  object ionable  it  is  not.  unlikely  that  there  is  hair- 
splitting about  luiiulrecUlis  of  a  per  rout .  that  is  unnecessary. 
MiliI  ary  engineers  and  others  who  specify  respecting  hrass 
should  look  carefully  into  this.  The  cxt  raordiiiary  difTerences 
in  price  that  have  lately  prevailed,  and  still  do  to  a  less  extent, 
between  what  in  America  are  classified  as  high-grade,  inter- 
mediate, brass-special,  and  prime  western  (common)  spelter  do 
not  look  riglit. 

The  sampling  of  spelter  is  more  or  less  of  a  liapliMzard 
process  and  has  a  bearing  oii  this  su]>ject.  American  brass- 
makers  follow  a  time-honoured  practice  of  sampling  a  car- 
load (about  50,0001bs.  of  spelter  in  8(20  to  960  slabs)  by  draw- 
ing 10  slabs  at  random,  and  that  practice  has  within  a  few 
weeks  received  the  official  endoi'senient  of  the  American 
Society  of  Testing  Materials.  This  was  the  outcome  of 
controversies  that  have  arisen  over  that  matter.  The  follow- 
ing, from  an  editorial  by  the  writer ，十 may  be  appropriately 
quoted  here  ： ― 

(( An  interesting  and  entirely  friendly  controversy  respect- 
ing" the  proper  sampling  of  spelter  recently  arose  between  a 
well-known  seller  and  an  important  brass  manufacturer.  The 
seller  agreed  to  furnish  two  carloads  of  brass  special  spelter 
guaranteed  to  contain  not  more  than  0"6  per  cent.  lead.  The 
cars  having  arrived  at  the  buyer's  works,  lie  drew  10  slabs 
from  each  and  finding  the  assays  to  exceed  slightly  the 
stipulated  lead  content  called  for  an  adjustment.  The  seller 
sent  out  the  agent  of  a  prominent  firm  of  public  assayers  to 
draw  a  new  sample  of  30  slabs  per  car.  T]ie  buyers  refused 
in  advance  to  abide  by  the  result  of  this. 

" The  issue  was  clear-cut.  The  seller  claimed  that  he 
should  be  required  only  to  deliver  a  carload  of  spelter  whereof 
the  average  should  conform  to  the  guarantee,  that  in  deter- 
mining the  average  a  large  sample  is  more  desirable  than  a 
small  one,  and  that  the  conditions  of  producing  spelter  do 
not  permit  the  insurance  of  uniformity  in  slabs  except  in  tlie 
case  of  high-grade  spelter. 

" The  buyer,  on  the  other  hand,  contended  that  tlie  con- 
ditions of  brass-making  wliereby  the  spelter  is  introduced  into 
the  melting  pots  in  small  lots  necessitate  uniformity,  that  its 
metliod  of  sampling  during  many  years  had  been  to  cl raw  only 
10  slabs  at  random  out  of  a  carload,  and  that  no  oilier  system 
would  be  safe  for  it. 

"On  none  of  these  points  have  1  here  been  any  official 
rulings.  Tlie  specifications  of  the  American  Society  for  Tosi  - 
ins:  Materials  require  as  in  sampling  only  that  at  least  10 
slabs  shall  be  drawn.  In  tlie  contract  between  buyer  niul 
seller  in  this  case,  and  pro])ably  in  mosi  of  such  cases,  there 
was  no  contractual  iinderstaiuling. 

" 111  the  present,  instance  tlie  assays  were  nuule  with  Mie 
following  results,  those  marked  B  being  made  hy  tlie  buyer, 
and  those  m'i、'ked  S  by  tlie  public  assayer  acting  in  l)elialf 
of  tlie  seller  ： —— 


Party. 

Car. 

No  Pieces . 

Lead .  per  r<'iit. 

li'fui.  |)('r  cent 

s 

1 

30 

0-491 

ooi;j 

s 

1 

12 

0-644 

0-012 

B 

1 

10 

0-737 

0-013 

S 

2 

30 

0-758 

0-021 

s 

2 

12 

0-616 

0-023 

B 

2 

10 

0-667 

0-021 

" The  interesting  thing  about  these  assays  was  that  in  the 
case  of  Car  1  the  30-slab  sample  showed  lower  lead  than  the 
10-slab,  while  in  the  case  of  Car  2  it  showed  higher.  The 
discrepancy  between  the  】0-sIab  and  iJie  12-slab  samples  is 
also  not  eworthy.  Manifestly  there  was  irregularity  in  the 
composition  of  the  slabs. 


*'  As  ")  1  lie  incrils  ol"  1  he  r;i》"， I  herd  is  ;l  ^tunl  to  he 

said  for  o;u:li  sido.  Tli''  hrass-iruikcr  iioods  iiniiortiiit  y  oi'  t  ho 
produdi  he  is  buying.  On  the  oi  lier  hand,  t  ho  Hriid""'  ran 
Iwii'cUy  (、"sur"  ii  hy  his  preseni  met  hods  uiikiss  lu;  l)e  dist  illing 
liigli -tirade  ore  t  lial  is  already  iniiFonn.  1m  dist  illing  oro 
t'ontaiiiiiHr  lead,  ilie  proporl  ion  Iheroof  thai  ^oos  over  wit  li 
I  lie  zinc  is  govenied  prima rily  l)y  t  lie  temperat  ure  of  the 
rdod  wliich  varies  in  dinVreiit  parts  of  the  funiaro.  In 
drawing  f.lio  spelter,  the  kodle  into  vvliicli  it  is  received  lioMs 
Iml'  a  rclfiiively  small  qimiiUty,  and  t.he  respective  pourings 
from  t  he  same  (Irawing  may  easily  vary  in  ('()mi)osit,ion，  esp'f'.i- 
ally  when  lilies  are  drawn  so  narrowly  as  1  hey  are  as  to  lead 
(content. 

ApparenUy  there  are  two  things  that  need  to  be  done  : 
(1)  Sellers  in  offering  a  guarantee  should  specify  as  to  wlieilier 
it  pertains  to  average  of  a  carload  or  to  any  10  slabs  selected 
at  raudoni.  (2)  If  buyers  must  have  uniformity,  smellers  must, 
ensure  it  l)y  pouring  and  mixing  llieir  product  in  large  pots 
or  melting  furnaces  before  casting  the  slal)s  to  be  markel eel." 

It  need  only  be  added  that  if  the  zinc  smelter  l)e  ohliged 
to  guarantee  practically  every  slab  of  liis  production,  the 
consumer  must  pay  for  it,;  or  if  he  must  introduce  t he  new 
process  of  re-m citing  and  mixing  that  also  must  be  paid  for. 

Now,  what  are  the  conditions  of  tlte  zinc  smelter  with 
regard  to  making  spelter  low  in  cadmium  ？  His  conditions 
are  easy  only  when  his  ore  is  free  from  cadmium,  but  the 
only  ore  of  that  class  produced  in  large  quantity  anywhere 
in  the  world  is  that  of  the  Franklin  mine  of  the  New  Jersey 
Zinc  Company.  That  ore  is  also  free  from  lead,  and  that 
company  is  the  only  one  that  can  produce  high-grade  spelter 
by  a  single  and  simple  process  of  smelting.  The  bulk  of  the 
world's  zinc  ore  contains  cadmium,  and  that  metal  being 
nietalhirgically  similar  to  zinc  distils  with  the  zinc  and  con- 
taminates the  spelter,  as  also  does  lead. 

In  America,  brass-special  spelter  is  made  by  reserving  the 
first  of  the  three  daily  drawings  of  spelter.  This  metal  having 
been  distilled  before  the  furnace  has  attained  its  maximum 
temperature  is  relatively  low  in  lead,  but  in  it  there  is  a 
concentration  of  cadmium,  wliich  being  volatile  at  a  lower 
temperature  than  zinc  comes  over  chiefly  in  the  first  stage  of 
the  distillation.  Theoretically,  it  should  be  possible  to  con- 
trol the  temperature  of  the  distillation  so  as  to  cut  off  both 
the  cadmium-bearing  spelter  and  the  lead-bearing  spelter, 
obtaining  a  high-grade  spelter  between,  but  practically  that 
would  be  quite  out  of  the  question.  It  is,  however,  easily 
possible  to  get  a  high-grade  spelter,  low  in  cadmium,  by  the 
redistillation  of  common  spelter  with  proper  control  of  the 
temperature  and  separation  of  the  first  distillate. 

A  good  deal  of  the  high-grade  and  intermediate  spelter 
that  America  has  sold  to  Great  Britain  at  fancy  prices  during 
the  last  IcS  months  has  been  redistilled  common  spelter.  Great 
Britain  oiii^lit  to  have  boiiglit  common  spelter  and  redistilled 
it  herself. 

In  conclusion,  it  may  be  remarked  thai  the  electrolytic 
process  of  zinc  extraction  affords  an  easy  means  for  the 
separation  of  cadmium.  It  should  be  borne  distinctly  in  mind 
that  the  electrolytic  process  is  going"  to  be  commercially 
applicable  only  under  some  liitiited  specially  favourable  con- 
dit ions,  and  is  not  going  to  drive  zinc  smelting  out,  of  the 
world's  arts.  However,  the  electrolyi ic  zinc  production  that 
is  likely  to  endure  should  go  a  long  way  towards  meeting  the 
cleiiiaiid  for  liigh-grade  spelter,  and  especially  spelter  low  in 
cad iniuni.  And,  furthermore,  inasmucli  as  the  electrolytic 
calhodes  have  to  be  rernelted  in  large  furnaces,  the  slabs  cast 
therefrom  should  be  more  uniform  in  composition  than  those 
coming  from  tlie  small  tapping  kettles  of  tlie  retort  furnace, 
the  Bertha  and  IJorsehead  brands  excepted. 


*  Paper  read  before  the  Institute  of  Metals,  September  20th,  1916. 
t  "Engineering  and  Mining  Journal,"  July  Sth,  1916. 


FEED  MOTION  FOR  MACHINE  TOOLS. 

In  niarliiiie  tools  having  a  carriac^^e  or  saddle  slidably  mounted 
on  a  bed  and  arranged  to  be  traversed  along  such  bed  either 
automatically,  or  by  tlie  operator  by  irreversible  gearing  which 
provides  a  slow  hand  feed,  damage  may  be  inflicted  on  some  of 
the  carriage-operating  mechanism  if  tlie  automatic  or  power- 
driven  feed  is  put  into  operation  when  the  irreversible  gearing 
is  in  driving  connect ioii  with  the  carriage  and  vice  versa.  With 
a  view  to  obviate  this,  Mr.  J.  Holroyd,  Fairfield  House,  Oven- 
den,  near  Halifax,  has  designed  and  patented  the  arrangement 
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illustrated  which  is  shown  applied  to  a  lathe  hy  way  of 
example. 

Referring  to  the  illustration,  A  indicates  the  position 
occupied  by  a  portion  of  the  carriage  or  saddle,  B  the  pinion 
for  traversing  the  same  by  hand,  and  C  the  leading  screw. 
A  worm  wheel  E  is  rot  at  ably  mounted  on  the  carriage  pinion 
shaft  F  and  gears  with  a  worm  G  driven  from  a  hand  wheel 
on  a  shaft  H.  The  worm  wheel  E  is  provided  with  means 
for  preventing  its  endwise  movement  on  the  pinion  shaft  F， 
and  is  formed  on  one  face  with  clutch  teeth.  Slidably 
mounted  on  a  key  on  the  pinion  shaft  is  a  clutch  ni ember  D 
having  teeth  on  one  face  to  engage  the  clutch  teeth  on  the 
face  of  tlie  worm  wheel,  and  on  the  other  face  teeth  to  engage 
similar  teeth  on  a  collar  J  that  is  rotatably  mounted  on  the 
pinion  shaft  and  provided  with  a  milled  surface  for  turning 
purposes.  The  projections  on  the  clutch  and  collar  are 
normally  retained  in  engagement  by  a  spring  K  which  also 
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normally  retains  the  teeth  on  the  clutch  member  D  and  the 
teeth  on  the  worm  wheel  E  out  of  engagement.  When  the 
collar  J  is  turned  to  cause  the  teeth  thereon  to  ride  upon  the 
teeth  oil  the  clutch  member  D，  the  latter  receives  endwise 
movement  and  brings  its  other  set  of  teeth  into  gear  with  tlie 
teeth  on  the  face  of  the  worm  wheel  E  and  such  teeth  are  re- 
tained in  gear  by  the  flattened  ends  of  the  teeth  resting  one 
upon  the  other.  When  the  collar  J  is  turned  to 
disengage  the  flattened  ends  of  the  teeth  the  spring 
K  disengages  the  teeth  on  the  sliding  clutch  member 
from  the  teetli  on  the  worm  wheel  E  and  the  latter 
becomes  loose  upon  its  shaft.  When  the  parts  are  in 
this  position  a  space  L  exists  between  the  teeth  as  shown, 
and  this  space  may  be  utilised  in  the  following  manner. 
Projecting  from  a  hand  lever  M  which  opens  and  closes  the 
half  nuts  N  appertaining  to  the  leading  screw  C  is  an  arm  O 
having  a  finger  P  that  is  just  capable  of  entering  such  space 
and  allowing  the  lever  to  turn  and  close  the  half  nuts  upon 
the  lead  screw.  In  this  position  the  lead  screw  is  operatively 
connected  with  the  carriage  A,  and  the  worm  gearing  is  out 
of  operation  and  cannot  be  put  into  driving  connection  with 
the  carriage.  To  do  this  tlie  finger  P  must  first  be  moved  out 
of  tlie  space  L,  and  in  making  this  movement  the  lever  is 
turned  to  a  position  in  which  the  half  nuts  disengage  the 
lead  screw.  The  milled  collar  J  is  now  turned  to  engage 
the  teeth  on  the  sliding  clutch  member  1)  with  the  teeth  on 
the  worm  wheel  E  until  the  flattened  ends  of  the  teeth  engage 
as  previously  described.  In  this  condition  the  lever  that  con- 
trols the  half  nuts  cannot  be  moved  to  dose  the  latter  upon 
the  screw,  and  the  finger  P  prevents  such  movement  of  the 
Itn'er  by  conning  into  contact  with  the  periphery  of  the  sliding 
clutch  member  D. 


U.S.  Exports  of  Aeroplanes. —American  aeroplane  exports 
for  the  fiscal  year  ended  June  30th,  1916,  were  269,  against 
】r)2  to  June  30th，  1915,  and  only  34  to  June  30tli,  1914.  Tlie 
value  of  the  exports  of  aeroplane  parts  for  the  fiscal  year  ended 
June  30th  was  about  £1,000,000. 


SOME  PROPERTIES  OF  INGOTS.* 

BY  A.  AV.  AND  H.  BRSARL^Y. : 

C  ryHdll  i  Struct  iivf  und  Its  Kfffvta. —— When  steel,  or  any 
other  crystalline  substance,  is  cast  into  a  mould  the  freezing 
commences  from  the  inner  surfaces  of  the  mouldy  supposing  the 
substance  is  quite  fluid  to  begin  with.  Assuming  the  mould  to 
be  made  from  cast  iron,  and  its  cross-section  a  square,  then 
freezing  in  any  plane  occurs  more  rapidly  at  each  of  the  four 
corners  than  elsewhere  ；  and  the  crystals  lying  in  and  about  the 
corners,  in  consequence  of  the  rapid  cooling,  are  comparatively 
small  ones.  Crystals  grow  also  from  the  sides  of  the  mould, 
but  as  their  growth  sideways  is  hindered  by  the  adjacent 
crystals,  and  their  growth  forward  into  the  fluid  mass  is  less 
restrained,  they  become  long  and  narrow  in  shape.  The 
crystals  growing  from  any  one  side  of  the  ingot  mould,  presum- 
ing the  interior  mass  remained  fluid,  meet  crystals  growing 
from  the  adjacent  sides,  and  a  boundary  to  the  cooling  effect  of 
each  side  of  the  mould  is  visible  on  a  polished  and  etched 
specimen,  or  on  a  fractured  surface,  as  junction  lines  lying 
diagonally  on  the  square. 

In  the  same  way  from  the  bottom  of  the  mould,  which  is 
assumed  to  be  flat,  crystals  grow  also  upwards  until  they  meet 
those  crystals  growing  from  the  sides  of  the  lower  part  of  the 
mould.  It  is  easy  to  realise  that  crystals  growing  thus  from  a 
surface  at  right  angles  to  the  rest  would  meet  obliquely  on 
planes  which  outline  the  form  of  a  four-sided  pyramid.  In  the 
same  way  tlie  cooling  effect  of  the  atmosphere  on  the  free  upper 


a 
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Fig.  1.— Dtagr  am  of  Crystal  Growth  in  Ingots. 

surface  would  cause  crystals  of  the  same  narrow  kind  to  grow 
downwards  until  they  also  terminated  on  the  surfaces  of  a  four- 
sided  pyramid,  assuming,  of  course,  that  the  fluid  material 
froze  quickly,  and  was  not  disturbed  at  the  upper  end  by 
shrinkage  cavities  or  segregation  effects.  These  considerations 
enable  us  to  make  a  sketch  diagram  illustrating  the  arrange- 
ment of  crystals  as  seen  in  any  longitudinal  section  cut  axially 
and  parallel  to  a  side  of  the  mould  (Fig.  1,  ci)  ；  in  a  cross- 
section  cut  at  right  angles  to  the  axis  of  the  ingot,  near  the 
bottom  (Fig.  1,6);  and  in  a  similar  section  cut  nearer  the 
middle  of  the  ingot  (Fig.  1，  r). 

The  diagonal  lines  in  Fig.  1  are  lines  of  extreme  weakness  ； 
partly  because  they  are  lines  of  contact  between  crystals  grow- 
ing in  different  directions  to  each  other,  and  partly  because 
they  are  coincident  with  the  intersection  of  the  plane  surfaces 
ill  the  ingot  which  at  successive  moments  were  the  last  to 
solidify  ；  consequently  the  planes  are  rich  in  segregates  and 
non-metallic  impurities  (if  such,  as  in  steel,  can  possibly  form), 
they  are  likely  to  be  occupied  by  elongated  gas  cavities,  and 
are  also  in  the  position  where  small  cavities  caused  by  con- 
traction stresses  would  form.  The  influence  of  segregate  plus 
contraction  cavities  would  account  for  a  great  deal  of  the 
observed  weakness  along  the  diagonal  planes,  and  it  is  not 
possible,  apart  from  this  influence,  to  determine  how  much  of 

•  Abstract  of  paper  reatl  at  the  autumn  ineetiiu^  of  the  Iron  and  Steel  Institute, 
Septeniljer,  1916. 
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ilio  ol)S(M'V0(l  weakness  is  (lu(、  only  ( o  1  lie  cryslallitic  arrange- 
ment . 

Th(\so  general  ohs(M'v aiions  can  readily  be  v eriliod  ami  illus- 
trated l>y  means  of  ingots  cast  、vith  molten  slearino.  As  wo 
have  formed  a  verv  lui^h  opinion  of  1  lu-  use  of  stoarine  for  i  his 
and  other  similar  purposes  it'  is  desirahlo  at-  this  sla^^e  to  refer 
to  the  very  natural  prejudice  against  ai)])lying  to  steel  ingot's 
dediu'lions  drawn  from  the  behaviour  of  stearine.  To  make 
exporiineiits  wit  h  stool  is  no  doubt  the  most  reliable  way  of 
learning  about  the  changes  which  occur  during  the  casting  and 
solidifying  of  steel  iiif^ots  ；  bul  it  entails  a  costly  】）laiit，  and 
uioIttMi  st eel  is  an  expensive  imi""'ial  and  also  dangerous  wheti 
handled  by  other  than  experienced  prrsoiis.  There  is  also  no 
method  of  determining  the  temperature  of  molten  steel  with 
sat isf vino-  accuracy,  and  finally,  when  iiii^'ots  are  made  in  the 
predetermined  ways  the  cuttiiiii;  or  l)reaking  of  them  is  botli 
lengthy  and  costly. 

With  a  few  pounds  of  stearine,  a  pan  of  water,  a  l)eaker， 
a  buiKsen  Iniriier,  a  few  tin  moulds,  and  considerable  patience, 
a  great  niuiiber  of  observations  cm  he、made  to  illustrate, 
extend,  and  also,  in  some  respect,  to  correct  prevailing  notions 
about  steel  ingots.  To  increase  your  respect  for  observations 
along  these  lines  and  cautious  interpretations  thereof 
I  need  refer  only  to  the  very  striking  operation  of 
removing  the  base  pyramid.  Those  engaged  in  making  ingots 
for  the  manufacture  of  ordnance  are  aware  that  for  some  years 
it  was  usual  in  many  works  to  cut  discs  from  the  ends  of 
ingots  or  billets  and  after  polishing  to  etcli  them.  On  many 
such  discs  the  etching  revealed  a  ring  of  white  spots  which 
were  really  ferrite  areas  segregated  about  slag  globules.  The 
nearer  the  base  the  disc  was  cut  the  larger  the  ring  of  white 
spots,  which  was  quite  natural  on  the  assiini])tion  that  the 
white  spots  represented  the  outline  of  a  section  cut  through 
the  base  pyramid.  Though  the  white  ring  appeared  fre- 
quently during  the  few  years  such  observations  were  being 
made,  no  steel  maker,  within  our  experience,  would  admit 
that  a  well-formed  cone,  such  as  could  be  dislodged  from  a 
stearine  ingot,  could  ever  exist  in  a  steel  ingot.  Eventually, 
however,  a  steel  ingot  weighing  about  8cwt.  was  cast  in  such 
a  way  that  it  was  held  fast  at  each  extreme  end.  When  cooled 
under  such  conditions  the  ingot  naturally  cracked  across  the 
weakest  part,  and  produced  a  cleanly  separated  cone."^' 

In  a  round  ingot  the  crystals  growing  from  the  bottom  of 
the  mould  are  formed  into  a  cone,  and  in  an  octagon  ingot 
they  form  an  eight-sided  pyramid.  In  each  case  tlie  base 
pyramid  is  longer  or  shorter,  depending  upon  the  cooliiis: 
effect  of  the  bottom  in  relation  to  the  cooling  effect  of  the 
sides  ；  but  generally  the  base  exerts  its  full  effect,  because 
it  remains  throughout  in  direct  contact  with  the  freezing 
ingot,  whereas  the  sides  of  the  ingot,  soon  after  solidifying, 
leave  the  mould  and  are  thereby  partly  insulated  from  its 
coolin^:^  effect  by  a  gaseous  envelope.  In  many  cases  the 
pyramid  may  be  separated  intact  from  stearine  ingot's 
by  pressing  a  knife  into  the  ingot  at  right'  angles  to  its  axis, 
and  s])lilt'hi"y  layer  after  layer  of  the  crystals  until  the  ]ienk 
of  and  tiltiniaiely  the  entire  pyramid  is  (Hs(、lose(l.  It  is 
instructive  bv  similar  ineans  to  take  ingots  io  pieces,  as  it- 
were,  in  order  to  observe  the  effects  of  seijroi^aiion  and 
shrinkage  cavities  localised  on  their  interior  surface. 

The  ^■owth  of  the  eloncjated  crystals  originating  at  the 
surface  of  an  ingot  inould  depends  on  circumstances,  which 
appear  to  be  somewhat  contradictory,  i.e.,  they  are  favoured 
sometimes  by  slow  cooling  and  sometimes  by  rapid  cooling. 
So  long  as  the  fluid  in  the  interior  of  tlie  partly  solidified  ingot 
remains  quite  liquid,  the  crystals  already  growing  from  the 
sides  of  the  mould  increase  in  leiigth  as  the  teni])erature  of  the 
liquid  about  their  extreme  ends  fall  to  freezing  point.  The 
act  of  freezing  liberates  heat,  which  is  eitlier  stored  up  in  the 
fluid  or  dissipated  via  the  solid  crystals,  t'hroiigli  tlte  sides  of 
the  in^ot  mould.  If  the  crystals  are  had  conductors  of  heat 
the  cooling  is  necessarily  slow,  whatever  the  properties  of  the 
ingot  mould  may  be，  and  the  fluid  in  the  centre  of  the  ins^ot 
remains  clear  almost  to  the  last  drop,  whilst  needle-like 
crystals  extend  to  the  centre. 

But  if  the  crystals  themselves  are  good  conductors  of  lieaf , 
tlie"  the  heat  liberated  as  they  form  and  also  the  heat  from 
the  fluid  interior  is  rapidly  dissipated  Ihroucfh  tlieni.  In  this 
way  the  temperature  of  a  large  volume  of  fluid  may  reach  its 

*  This  experiment  was  made  at  the  works  of  Messrs.  Thomas Fii-th  &  Sons,  Ltd. 


I'roeziii^^  point  in  m;iiiy  places  siinult arH'oiisly,  bclorf  lli'' 
ci'v.st ;ils  ;rr(>wiii"r  fi-oiii  I  lie  sides  can  cxtciifl  t o  iJte  cciil  re,  ； i ii'l 
1 1ms  the  interior  ot,  an  in^ol  would  consist  of  cryslals  wlurli 
had  grown  from  iiidopoiuleiii,  vva\\  res  ;i ltd  wcr'c  (lovclojU'd  in 
liaphazard  ways  in  all  diroct ions. 

Of  ci'yst fillisal)le  siihsiaiices,  1 ('，  wliich  arc  <'lf，;irly 
liquid  when  cast,  those  that  are  very  poor  (； otiduciors  of  heat 
will  form  crystals  of  the  same  kind  from  tlio  surface  inwards 
if  allowed  to  cool  undisturbed.  】iut  steel,  on  the  other  hanrl, 
wliich  is  a  good  conductor  of  heat,  will  form  crystals  of  Uie 
sanio  kind  from  the  surface  io  the  centre  of  the  iii^oi,  only 
if  1  ho  cooling  takes  place  very  quickly  or  very  slowly.  I'l 
1  lio  former  case  the  crystals  grow  into  tlie  clear  lifjiiid  ； ui'l 
extend  theiiKsolves  rapidly  as  its  (ern|HM'af ure  falls  io  frceziii*^ 
point-  ；  the  result  l)eing  tliin  crystals.  In  ihe  lailei"  case, 
however,  the  cooling  is  so  slow  that,  owing  to  its  bi^h  thermal 
foiuluci ivif.y,  ihe  tei!ij)erat-ure  of  the  fluid  mass  l)P('omos 
practically  uniform  throughout,  and  then  a  crystal  is  as 
likely  to  start  growing  in  one  place  as  in  another,  the  rcHull 
being  irre^nilar  ami  a])pr()xii!ialely  equiaxial  cryst als. 

The  considerations  in  these  last  two  paragraphs  are  (-losel y 
bound  up  with  the  question  of  casting  temperatures,  which 
will  be  discussed  later.  But  meanwhile  it  may  be  said  that 
the  el  on  orated  crystals  occur  most  frequently  in  steel  cast  in 
chill  moulds  of  narrow  section,  and  the  equiaxial  crystals  in 
steel  cast  in  dry  sand  moulds.        Obviously   there  exists  a 


Fig.   '2.— Diagram    to    Illustuate      Fig.  3.— Usual  Kepkkhkntation  oi，  a 
Fitr.KziNG  OF  Ingot  in  Straight-  Fkjsezing  Ingot. 

siDKD  Mould. 

great-  number  of  instances  where  both  kinds  of  crystals  occur 
111  the  same  ingot. 

Shrill  li<(f/e  and  ( '  oh  I  racf  nnt  (，"rifi(f<. —- If  we  imagine  an 
int^^ot  mould  filled  with  fluid  Tiiaterial  that  could  be  cooled 
with  perfect,  uniformity  down  to  its  freezing  point,  we  should 
find  that  the  level  of  the  fluid  would  gradually  sink  as  the 
Huid  cooled  and  shrank.  If  at  this  point  the  fluid  were  to 
solidify  instantaneously  without  change  of  volume,  we  should 
have  a  solid  ingot.  But  neither  stearine  or  steel  behave  in 
this  manner,  and  cavities  due  both  to  shrinkage  of  the  fluid 
and  contraction  of  the  solid  materials  exert  a  great  influence 
on  the  economic  production  of  ingots,  and  have  to  be 
reckoned  with. 

An  ingot  just  cast  consists  of  a  thin  layer  of  solid  metal 
with  a  fluid  interior  whose  temperature,  we  may  assume,  is 
practically  the  casting  temperature.  The  outside  length  of 
the  ingot  has  been  fixed  by  tlie  thin  solid  envelope  extend- 
ing downwards  from  the  highest  level  of  the  molten  metal 
in  the  mould.  After  a  little  while  the  solid  envelope  has 
thickened,  say,  by  a  millimetre,  but  before  that  occurs  the 
fluid  metal  lias  cooled,  and  owing  to  shrinkage  does  not  now 
stand  at  the  same  level  This  lias  been  represented  in 
l，i;r.  2  bv  a  step  flown  between  the  first  ami  second  tnillimefcre 
ill  thickness  of  the  freezing  envelope.  This  process  may  be 
thought  of  as  repeating  itself  in  sucessive  and  distinct  stages 
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as  long  as  any  fluid  remains  in  I  tie  interior  of  the  ing;ot,  ami 
as  a  result  the  cenlral  cavity  or  pipe  would  be  as  represented 
in  Fig.  2.  As  a  matter  of  fact  Fig.  2  does  represent  the 
general  outline  of  all  central  ])ipes  iii  ingots  cast  in  moulds 
having  parallel  si«.les.  It  differs  from  an  actual  pipe  only 
because  the  thickening  of  tlie  solid  envelope  is  a  continuous 
])rocess  and  not  an  intermittent  one ;  and  also  because  the 
contraction  of  the  solid  envelope  and  the  cooling  effect  of  the 
atnios])here  on  the  upper  surface  of  the  ingot  must  also  be 
taken  into  account. 

That  the  freezing  of  an  ini^ot  takes  place  by  a  continuous 
thickening  of  the  solid  envelope  in  planes  parallel  to  the 
cooling  surfaces  of  the  solid  is  not  unanimously  admitted. 
The  illustration  given  in  Fig.  3  has  been  reproduced  and 
approved  as  a  representation  of  the  freezing  of  steel  ingots. 
It  is,  however,  so  far  as  the  authors'  observations  go,  a 
misleading  representation  of  steel  ingots  and  an  inaccurate 
representation  of  the  freezing  of  any  crystalline  substance, 
metallic  or  otherwise. 

If  a  series  of  stearine  ingots  are  cast  simultaneously  from, 
say  65。  C.  in  square  moulds,  in  all  respects  identical  and 
widely  spaced  apart  so  that  each  cools  freely,  then  on  piercing 
the  top  and  inverting  one  of  them  after  15  minutes  and  a 
further  one  after  each  additional  15  minutes,  we  are  left  with 
a  series  of  shells  of  gradually  increasing  thickness,  but  in  each 
case  the  shape  of  the  cavity  out  of  which  the  fluid  wax  was 
emptied  corresponds  to  that  made  by  the  inner  walls  of  the 
Tiiould. 

The  same  fact  can  be  demonstrated  in  a  more  elegant 
manner  by  gradually  planing  down  a  single  ingot  parallel  to 
one  of  its  faces.  After  a  few  strokes  with  the  plane  the 
sectioned  surface  exhibits  an  envelope  lying  around  it.  The 
thickness  of  the  envelope  increases  as  the  planing  proceeds 
just  as  it  did  when  the  ingot  was  freezing,  but  it  remains  quite 
symmetrical  in  all  parts.  Also  it  thickens  parallel  to  the 
cooling  surfaces  and  forms  where  the  bottom  and  sides 
intersect  a  sharp  corner,  and  not  the  conventional  curve  seen 
in  Fig.  3.  That  steel  behaves  in  a  precisely  similar  manner 
is  known  to  those  furuacemen  who  have  opportunities  now 
and  again  of  seeing  ingots  broken  up  that  have  been  upset 
or  otherwise  accidentally  and  completely  bled. 

The  influence  exerted  by  size  and  shape  of  ingot  moulds 
on  the  position  and  dimensions  of  the  pipe  will  be  discussed 
later,  but  it  is  desirable  at  this  stage  to  consider  a  feature 
exhibited  by  many  ingots  cast  in  straight-sided  moulds  as 
distinct  from  taper  moulds  used  with  either  the  narrow  or 
the  wide  end  up  When  sufficiently  removed  from  the  cooling 
influence  of  the  closed  bottom  and  the  open  top  of  an  ingot 
mould  the  freezing  of  any  horizontal  section  of  the  fluid  ingot 
may  be  regarded  as  due  to  loss  of  heat  tlirough  the  sides  of 
the  mould.  When  the  mould  has  the  same  cross-sectional 
dimensions  from  top  to  bottom  the  crystals  growing  from  the 
sides  in  any  one  plane  are  as  likely  to  meet  in  the  centre  as 
those  growing  in  any  other  ]>lane.  Now  in  both  commercial 
stearine  wax  and  in  steel  a  plane  of  the  material  may  be  all 
but  rigid,  quite  too  rigid  at  the  centre  to  flow  downwards,  but 
requiring  still  to  contract  over  its  entire  area.  The  material 
next  the  ingot  mould  is  coldest  and  most  rigid,  and  if  the 
unavoidable  contraction  cannot  pull  the  flat  outer  surfaces 
inwards,  the  assumed  plane  must  split  at  the  centre  where  the 
material,  all  but  set,  offers  little  resistance.  The  result  is  a 
small  central  cavity  with  no  material  above  it  fluid  enough 
to  flow  downwards,  and  the  net  effect  in  an  ingot  of  this  kind 
is  a  number  of  cavities  roughly  spherical  in  shape,  lying  in  the 
axis  of  the  in^ot.  For  shrinkage  or  contraction  cavities  of 
this  kind  an  increased  length  or  breadth  of  feeder  head  is  a 
doubtful  remedy,  as  in  actual  practice  cuch  cavities  occur 
always  in  small  crucible  ingots  cast  into  straight-sided  moulds 
and  fed  by  means  of  a  hot  dorzle. 

To  these  two  kinds  of  cavities,  viz.,  the  pip©  proper  and 
a  continuation  of  tlie  pipe  tliat  exhibits  itself  as  a  kind  of 
axial  spoiiginess,  which,  when  elongated,  may  be  regarded  as 
a  secondary  pipe,  we  must  add  also  cavities,  axial  or  otherwise, 
arising  from  the  contraction  of  the  hot  solid  ingot.  Sucli 
cavities  may  occur  in  ingots  independent  of  their  shape,  and 
should  perhaps  be  described  as  contraction  rather  than 
shrinkage  cavities. 

An  ingot  which  lias  quite  set  ami  is  still  hot  contracts  in 
volume  on  cooling,  but  as  the  outer  surfar-e  of  the  iii^ot  is 


hard  and  will  not  yield  much,  the  stress  of  contraction  will 
be  satisfied,  wholly  or  partly,  by  the  formation  of  internal 
cracks  or  cavities  in  those  positions  where  resistance  is  least. 
In  a  solid  ingot  there  are  certain  planes  of  weakness,  due  to 
the  arrangement  of  the  crystals,  which  converge  from  the 
corners  of  the  mould  towards  the  axis  of  the  ingot.  An 
ingot  is  therefore  easily  split  along  its  axis  by  tensional 
forces  acting  at  right  angles  to  its  length  ；  and  it  is  further 
iiukiced  to  yield  to  such  forces  by  the  fact  that  the  ingot  is 
hotter  in  the  centre  and  weaker  also  on  that  account. 

This  explanation  accounts  equally  well  for  axial  cavities 
and  cracks  formed  just  before  or  just  after  complete  solidi- 
fication. As,  however,  the  contraction  of  the  hot  solid 
material  take?  place  continuously  in  those  parts  of  the  ingot 
already  solidified,  and  does  not  wait  until  the  entire  ingot 
becomes  solid,  we  may  expect  to  find  contraction  cavities  which 
were  formed  whilst  the  centre  of  the  ingot  was  still  fluid,  and 
in  that  case  they  would  not  of  course  be  formed  at  the  centre. 

From  the  moment  that  a  solid  envelope  is  formed  about  the 
liquid  the  crystals  growing  from  the  sides  of  the  mould  form 
planes  of  weakness  where  they  meet  obliquely,  and  it  is  along 
these  planes  that  contraction  cavities  are  located.  They  are 
easily  seen  when  a  'stearine  ingot,  cast  under  favourable  con- 
ditions, is  split  diagonally  along  its  length.  These  cavities  all 
converge  to  the  centre  of  the  ingot,  and  appear  to  depewd  on 
and  originate  from  an  axial  cavity.        That  tliey  are  not 


Arrangement  for  Casting 
Wax  Test  Ingots. 


Fig.  5.— Arrangement  for  Testing 
Strength  of  Wax  Ingots 


developed  in  that  order,  but  begin  to  form  whilst  the  centre  of 
the  ingot  is  quite  fluid,  could  be  shown  by  bleeding  partly 
frozen  ingots  and  bisecting  the  solidified  shell  diagonally. 

There  are  several  reasons  why  contraction  cavities  should 
lie  along  these  planes,  extending  from  the  corners  to  the  centre 
of  a  square  ingot.  In  the  first  place  the  planes  are  formed 
by  the  intersection  of  surfaces  of  the  ingot  which  at  successive 
moments  were  tlie  last  to  solidify  ；  and  about  the  angle  thus 
formed  the  contraction  stresses  are  localised  with  the  conse- 
quent danger  so  often  exhibited  in  the  hardening  of  steel 
tools  cut  with  sharp  corners  as  keyways,  &c.  Then  any- 
absorbed  gases  liberated  at  the  moment  of  setting  and 
imjnirities  likely  to  segregate  are  also  to  be  found  in  abnormal 
amounts  along  these  planes.  It  needs  therefore  nothing  but 
a  favourable  concourse  of  circumstances  to  produce  large 
cavities  or  even  extended  cracks  ；  and  in  average  cases  it  needs 
very  little  force  in  addition  to  the  ordinary  contraction  stresses 
to  cause  rupture.  But  in  addition  to  cavities  that  are  obvious 
to  the  naked  eye  it  is  not  unusual  in  steel  ingots  to  find 
cracks  running  between  the  crystals  at  right  angles  to  the 
surfaces  of  the  ingot  mould.  These  cracks  are  discoverable 
by  direct  microscopic  observation. 

Cracks  may  be  revealed  in  large  numbers  by  immersing  a 
disc  of  steel  in  a  10  per  cent,  solution  of  hydrochloric  acid. 
The  acid  attacks  the  metal  most  vigorously  along  the  edges 
of  any  existing  cracks,  and  eventually  the  crack  widens  into  a 


September  29,  191GJ 


THE    MECHANICAL  KNGINICKR. 


245 


visible  cavity.  Cavities  which  ori^^iiiale  from  scgiTg;" 乂 '（1 
areas  may  also  be  developed  by  extended  pickling;  In"'  t Ium*o 
are  decisive  means  of  distinguisliin*^;  one  Idml  from  (he  ol her, 
and  confusion  is  not  likely  to  arise  if  curei'ul  observation  be 
made  of  t  he  scattered  dist  rihut  ion  of  t  he  former  com  pared 
wit  h  t  he  occurrence  in  groups  of  the  hitter. 

】{,;ulial  cracks  may  occur  in  steel  ingots  which  do  not 
exhibit  elongated  crystals  on  a  fractured  surface.  When  a 
disc  cut  from  a  large  steel  ingot'  weii^liing-,  say,  40  or  GO  tons, 
or  from  a  circular  billet  which  has  heeii  forged  from  such  an 
iiii^ot,  is  polished  ami  etclied  wit  li  a  very  dilute  solution  of 
nit  ric  acid  in  alcohol,  the  intercrystnlline  cracks  are  located 
by  the  evolution  from  iheni  of  small  gaseous  bubbles.  That 
the  gaseous  bubbles  may  escape  more  easily  it  is  advisable  to 
arrange  the  disc  with  the  polished  face  in  a  vertical  position 
and  wash  it  over  by  means  of  a  broad  camel-hair  brush  with 
the  etching  fluid  ；  small  strings  of  bubbles  then  run  with  the 
solution  down  the  face  of  the  disc  from  one  or  two  or  maybe 
a  score  or  more  cracks.  The  objectionable  features  of  con- 
traction cracks  are  emphasized  by  segregation  or  slag  occlu- 
sions, and  these  as  well  as  the  amount  of  hot  work  done  in 
the  forging  determine  whether  or  not  the  crack  will  weld 

...  . 

If  the  material  in  which  the  cracks  appear  is  not  weldable, 

then  it  is  also  not  forgable,  and  will  crumble  under  the 
hammer.  This  explains  why  some  alloy  steel  ingots  may  not 
be  forged,  whereas  others  of  the  same  composition,  but  melted 
and  cast  under  different  conditions,  forge  fairly  well.  The 
number  and  magnitude  of  the  cracks  would  obviously  be 
increased  if  the  steel  had  air-hardening  properties. 

Vci'Siing  Temperatures. ―  When  a  crucible  steel  ingot  breaks 
with  a  needle-like  fracture  (Fig.  1  ，  r)  it  is  said  to  be 
" scorched,"  and  scorching  is  said  to  be  due  to  the  molten  steel 
having  "  had  too  much  fire."  A  furnacemaii  does  not 
generally  commit  himself  by  saying  whether  the  steel  has  'been 
for  too  long  a  time  in  the  furnace  or  at  too  high  a  temperature. 
He  may  not  know  ；  but  he  does  know  a  scorched  ingot  can  be 
broken  across  with  remarkable  ease,  and  that  he  will  very 
likely  get  into  trouble  if  he  makes  many  such  ingots.  Scorched 
ingots  are  objectionable  only  on  account  of  their  fragility,  due 
to  arrangement  of  the  crystals  in  definite  directions,  and  the 
extended  contraction  cavities  which  may  arise.  This  is,  of 
course,  a  serious  objection,  because  unless  the  scorched  ingot, 
after  reheating,  is  very  carefully,  and,  to  begin  with,  very 
gently  forged  the  weakness  between  the  well-developed  crystals 
will  cause  cracks  to  form  at  the  corners  of  the  forged  bar. 
But  apart  from  obvious  defects  like  this,  the  quality  of  the 
steel  is  neither  better  nor  worse  for  having  shown  the  scorched 
appearance  in  the  ingot. 

The  characteristic  appearance  of  both  the  inside  and  out- 
side of  "  cold  cast  ，'  ingots  are  understandable  after  seeing  a 
steariiie  ingot  cast  into  a  glass  mould.  First  as  to  the  outside. 
As  the  wax,  per  assumption,  has  already  reached  its  freezing 
temperature  it  solidifies  immediately  on  contact  with  the 
bottom  and  sides  of  the  mould.  It  freezes  also  over  the  free 
upper  surface  into  a  crust  of  crystals,  and  as  more  fluid  wax  is 
added  the  liquid  level  and  solid  crust  rise  together,  the  latter 
generally  increasing  in  thickness.  But  the  crystal  crust  has 
solidified  into  a  piece  with  the  sides  of  the  ingot,  and  as  the 
fluid  wax  rises  it  pushes  the  crust  upwards  most  effectively 
where  it  is  least  restricted,  i.e.,  in  the  centre.  The  crust  there- 
fore  becomes  increasingly  convex  until,  broken  by  upward 
pressure  of  the  fluid  wax,  a  new  surface  is  formed.  In  the  act 
of  forming  a  new  surface  the  fluid  wax  strikes  the  glass  mould 
and  is  frozen  before  it  can  fill  up  the  lowest  part  of  the  con- 
vexity, and  hence  the  surface  of  the  stripped  ingot  is  a  series 
of  rings  where  it  has  been  in  contact  with  the  mould,  and  a 
series  of  depressions  lying  alternately  between  them  where  it 
has  not  been  in  contact  with  the  mould. 

Pieces  of  broken  crystalline  crust  are  washed  into  the  fluid 
material,  and  form  independent  centres  of  crystallisation  in 
both  steariiie  and  steel.  But  in  steel  they  may  also  form  blow- 
holes, due  to  a  gas  liberation  promoted  by  their  oxidised  sur- 
faces, and  also  irregular  lines  of  weakness  which  may  not  weld 
up  completely  in  the  subsequent  forging.  The  internal  struc- 
ture of  a  "  cold  cast  "  ingot  is  unlike  that  of  a  hot  cast  ingot, 
because  in  the  former  case  the  centres  of  crystallisation  are  dis- 
persed  throughout  the  entire  ingot  instead  of  being  confined 

*  Text-books  say  :  "If  kept  too  lonfi  in  tlie  furnace  the  steel  will  tocm  dead, 
and  the  fracture  of  ilio  ingot  will  Imvc  what  is  known  as  a  *  scorched  look.'  "  This 
is  iiiisleadinti. 


") t  lie  iiiuer  sur Faces  ot  Ui(，  mm 山 1  or  Uie  solid  im"  ;il  <"m'lo|)o 
already  fornied  Iroiii  it、  The  crystals  Ui(，r("'()'e  do  ikjI-  ^row  in 
plam's  l)u(  in  all  (！ iroct ions,  and  form  spherical  cluHttM'H  tirjatiii^ 
in  t  ho  fluid  like  seed-pods  of  a  dandolion  i]<miiit<r  in  Klill  air. 
The  cluslers  of  .solid  crystals  are  heavier  t  han  1  lie  (luj(j  steel 
and  lend  to  sink  to  1  he  holiorn  of  the  mould. 

We  have  said  thai  an  ingot  Ireczes  l)y  a  gradual  and 
uuifomi  thickening  of  its  solid  walls  in  planes  approximately 
parallel  to  the  inner  surfaces  of  the  iu^ot  mould.  Bui  this 
statement,  applies  only  when  the  conditions  are  such  that  iho 
interior  fluid  is  a  perfect  liquid.  If  free  crystals  form  in  the 
liquid  independent  of  the  cooling  elYect  of  the  mould  they  will 
rise,  as  in  antimoiiy-lead  alloys,  if  they  are  lighter,  or  sink  as 
ill  steariiie  and  steel,  if  they  are  heavier  tlian  the  mother 
liquid.  In  the  latter  case  the  base  of  the  ingot  will  be  thicker, 
at  any  】noment'  during  solidification,  than  can  be  accounted  for 
by  direct  cooling  effects  in  those  j)OKitions. 

The  presence  of  separated  crystals  in  steariiie  ingots  can  l)e 
demonstrated  in  two  or  three  ways.  One  way  consists  of 
emptying  out  the  fluid  portion  either  by  inverting  the  ingot  or 
by  passing  a  hot  rod  through  the  base  of  the  ingot.  By  the 
first-named  procedure  the  crystal  groups  are  disturbed,  and  l)y 
the  last-named  procedure  some  of  the  tluid  solidifies  in  passing 
through  the  thick  cooler  base  of  the  ingot.  But  in  either  case 
the  information  sought  ean  be  easily  interpreted  apart  from 
these  interferences. 

The  formation  of  free  crystals  in  the  fluid  material  adds 
considerably  to  the  mechanical  strength  of  an  ingot  by  inter- 
fering with  the  growth  of  elongated  crystals  at  right  angles  to 
the  sides  of  the  ingot  mould,  i.e.,  by  suppressing  the  scorched 
appearance.  This  is  apparent  in  stearine  ingots  on  attempt- 
ing to  split  them  diagonally,  and  particularly  in  attempting  to 
remove  the  base  pyramid  as  previously  described.  It  is 
apparent  also  in  small  steel  ingots  by  the  greater  effort 
required  to  top  them.  In  large  steel  ingots  the  fonnation  of 
free  crystals  is  also  made  apparent  by  the  very  marked  diffe- 
rence ill  carbon  content  between  the  top  and  bottom  of  the 
ingot ― ill  fact,  it  is  impossible  to  cast  a  very  large  ingot  of, 
say,  40  tons  or  over  from  the  same  ladle  and  maintain,  apart 
from  localised  segregation,  a  uniform  amount  of  carbon 
throughout  its  length.  The  steelmaker  has  therefore  to  com- 
promise between  two  evils,  i.e.,  he  may  either  cast  hot  and 
emphasize  local  segregations,  shrinkage  cavities,  and  contrac- 
tion cracks,  or  cast  cold  and  widen  the  difference  in  composi- 
tion between  the  top  and  bottom  of  the  ingot.  The  crystals 
first  formed  in  fluid  steel  contain,  of  course,  less  carbon  than 
the  remaining  mother  liquid,  and  this  explains  why  the 
settling  of  the  crystals  to  the  bottom  of  the  ingot  widens  the 
variation  in  composition. 

To  express  in  definite  figures  the  influence  of  varied  casting 
temperature  on  the  mechanical  properties  of  steel  would 
involve  an  enormous  amount  of  labour  and  require  great 
experimental  skill.  It  would,  for  example,  not  suffice  to 
machine  test  pieces  out  of  an  ingot,  because  the  defects  to  be 
looked  for  would  sometimes  be  in  the  test  piece  and  at  other 
times  not  ；  and  even  if  it  were  practicable  to  machine  always  a 
test  piece  containing  a  typical  defect  it  would  be  quite  impos- 
sible to  arrange  for  the  defect  to  occupy  the  same  relative 
position  in  every  test  piece,  and  therefore  the  tensile  pro- 
perties of  the  test  pieces  would  vary  amongst  themselves 
without  indicating  any  corresponding  variation  in  the  ingots 
from  which  they  had  been  prepared. 

The  least  objectionable  form  of  test  piece  is  the  ingot  itself. 
But  as  commercial  ingots  are  not  amenable  to  the  require- 
ments of  testing  methods  and  machines,  and  as,  further,  there 
is  no  handy  means  whereby  the  casting  temperature  of  steel 
can  be  accurately  measured,  we  are  obliged  to  content  ourselves 
with  general  statements  to  the  effect  that  the  casting  tempe- 
rature of  steel  may  be  too  high  or  too  low  to  produce  the  best 
results.  When  it  is  remembered  that  the  correct,  I.e.,  the  best 
casting,  temperature  differs  from  one  material  to  another,  and 
for  the  same  material  according  to  the  weight  and  dimensions 
of  the  ingots,  to  say  nothing  of  foundry  castings,  there  appears 
to  be  ample  room  for  the  exercise  of  the  art  as  distinguished 
from  the  science  of  steelmaking. 

But  in  making  wax  ingots  the  varialile  conditions  are  con- 
trollable with  that  degree  of  accuracy  which  yields  confirma- 
tory results  from  duplicated  tests,  and  as  the  behaviour  of 
stearine  wax  in  so  many  respects  is  comparabJe  to  the 
behaviour  of  steel  it  may  be  possible  by  its  aid  to  confirm  the 
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general  statements  alluded  to  in  the  preceding,  paragraph,  and 
also,  by  analogies  carefully  drawn,  to  add  something  to  it. 

Apparently  the  least  troublesome  way  of  casting"  a  series  of 
ingots  from  varying  tenij)eralures  is  to  melt  a  large  beakerful 
of  stearine  and  cast  one  ingot  after  another  as  its  temperature 
falls.  But  the  application  of  this  method  leads  to  very  erratic 
results,  because,  in  passing  over  the  colder  lip  of  the  beaker, 
the  wax  solidifies  ami,  in  the  worst  cases,  small  pieces  of  solid 
wax  are  carried  forward  into  the  ingot.  These  are  compara- 
tively harmless  when  the  temperature  oi  the  cast  ingot  is 
suHiciently  high  to  remelt  them,  but  otherwise  they  cause  what 
should  be  a  scorched  ingot  to  appear  granular  or  finely  crystal- 
line on  its  fractured  surface. 

To  avoid  this  irregularity  use  may  be  made  of  glass  tubes, 
Tin.  long  by  ^in.  diam"  which  have  at  each  end  a  well-fitting 
perforated  cork.  Pieces  of  thin  glass  tubing  fit  into  the  corks, 
the  one  at  the  lower  end  being  drawn  out  to  a  fairly  fine  point, 
and  the  one  at  the  upper  end  being  provided  with  a  few  inches 
of  rubber  tubing  and  a  spring  clip  (see  Fig.  4).  The  lower 
drawn  out  end  of  the  glass  tubing  is  kept  at  the  temperature 
fixed  for  the  ingot  next  to  be  cast,  so  that  when  immersed  in 
the  fluid  wax  the  opening-  is  not  stopped  up.  The  molten  wax 
is  drawn  upwards  by  suction  on  the  rubber  tube  until  the 
mould  is  nearly  full.  The  pinch-cock  is  then  closed  ；  the  end 
of  the  lower  projection  is  dipped  into  cold  water  to  solidify  the 
wax  and  so  close  the  opening  ；  the  upper  cork,  together  with 
the  rubber  tubing  and  pinch-cock,  are  removed,  and  the  mould 
is  allowed  to  stand  quietly  in  a  vertical  position  until  it 
becomes  quite  cold.  Series  of  ingots  are  made  successively  in 
this  way  as  the  temperature  of  the  melted  wax  sinks  ；  and  it 
is  easy  to  arrange  for  the  temperature  to  fall  at  the  rate  of, 
say,  1°  C.  ill  15  niiinites,  thus  permitting  duplicate  or  triplicate 
ingots  to  be  made  at  each  chosen  temperature. 

The  simple  piece  of  apparatus  shown  in  Fig.  5  may  be  used 
to  test  the  strength  of  the  ingots  made  as  described.  The 
ingots  rest  on  supports  4in.  apart,  and  midway  between  the 
supports  the  pan  is  hung  into  which  mercury  is  allowed  to  flow 
from  a  graduated  burette,  or  into  which  small  leaden  shot  is 
poured  until  the  ingot  breaks.  The  burette  is  then  read  off  or 
the  weight  of  shot  used  is  noted  in  order  to  arrive  at  the 
breaking  load  in  grammes.  As  the  results  are  merely  com- 
parative the  net  breaking  loads  on  the  circular  ingots  used 
are  given  in  Table  I. 

Table  I. 


Casting 
tcinpfra- 


Breaking  load  in  grammes. 


Degrees  C. 

1 

2 

3 

4 

5 

Average. 

80 

1,618 

75 

1,671 

70 

1,551 

65 

1,220 

64 

1,292 

1,155 

I, '2(18 

1,218 

62 

1,048 

1,009 

1,029 

60 

1,224 

1,274 

1,1  (i8 

1,222 

5S 

982 

1,009 

1,088 

1,026 

56 

1,459 

1,155 

1,(50.5 

1,S:5() 

1,512 

54 

2,783 

2,995 

2,783 

：!,1!)：！ 

3,lL>7 

2,9：58 

One  minute  after  reaching  54°  C. 
'J'wo  minutes    ，，  ，，  " 

Three    ，，  "  "  ，， 

Four     "  „  ，，  " 

Five     "  "  "  " 

Six       ，，  ，，  ，，  ，， 


Grammes. 
3,250 
3,224 
3,021 
2,995 
3,101 


The  most  noticeable  feat  ure  in  I  his  series  of  results  is  the 
great  increase  in  strength  between  those  ingots  cast  respec- 
tively at  56。  and  54。  C.，  the  latter  being  almost  twice  as  strong, 
and  this  is  confirmed  by  the  appearance  of  the  fractures,  which 
show  a  marked  difference  within  this  short  range  of  casting 
temperature.  The  ingots  cast  at  54°  C.  have  a  granular  or 
finely  crystalline  structure,  whilst  those  cast  at  dC^  C.  and  over 
show  scorch.  This  observation  is  quite  in  line  with  the 
behaviour  of  small  steel  ingots,  both  as  regards  appearance  of 
fractured  surfaces  and  mechanical  strength.  The  increase  in 
strength  when  the  casting  temperature  reaches  65^  C.  is  also 
notable  and  not  especially  diflicult  to  understand.  It  is  to  be 
expected  that,  all  other  conditions  being  equal,  a  rise  in  the 
casting  temperature  alone  would  cause  the  ingots  to  become 
gradually  weaker,  but  a  rise  in  casting  temperature  disturbs 


the  oi  lier  conditions,  and  more  especially  the  rate  of  cooling,  so 
that  an  ingot  cast  with  wax  at  5^。  C.  into  a  thin  mould  might 
at  once  have  a  solid  envelope  formed  around  it  by  the  cooling 
action  of  the  mould  ；  whereas  when  cast  from  a  higher  tempe- 
rature the  heat  lost  in  cooling  the  mould  might  depress  the 
temperature  of  the  fluid  wax  to  58^  C.  without  causing  a  solid 
envelope  to  form  around  it.  The  rate  of  cooling  in  the  two 
cases  would  then  vary,  and  the  latter  would  be  more  or  less 
disposed  to  form  the  stronger  equiaxial  crystals,  depending  on 
the  thermal  conductivity,  specific  heat,  and  mass  of  the  ingot 
mould,  and  on  the  relative  thermal  conductivity  of  the  fluid 
and  solid  ingot  material.  It  is  therefore  likely  that  at  some 
temperature  well  above  the  freezing  temperature  a  wax  ingot 
or  a  steel  casting  would  become  stronger,  but  the  rise  in 
strength  would  not  occur  at  the  same  temperature  of  course 
except  iimler  identical  experimental  conditions. 

(To  he  continued.) 

THE  METALLURGY  OF  ZINC* 

BY    ERNEST    A.     SMITH,    A.R.S.M,,  M.INST.M.M. 

{( ■oncluded  from  page  2'iO.) 
The  electric  smelting  of  complex  zinc  ores  was  first 
attempted  by  the  Cowles  Brothers  in  1883，  who  developed  the 
resistance  type  of  furnace  originated  by  Depretz  in  1849，  in 
which  a  core  of  carbonaceous  material  in  the  charge  itself 
carries  the  current  in  a  horizontal  direction.  In  1901  C.  P.  G. 
De  Laval  erected  the  first  electric  zinc-smelting  furnace  on  a 
commercial  scale  and  four  years  later  works  were  erected  in 
Scandinavia  to  carry  out  his  process.  Since  that  time  a  con- 
siderable amount  of  attention  has  been  given  to  electric  fur- 
naces for  smelting  zinc  ores.  As  pointed  out  by  Prof.  Gow- 
laiicl,  "  The  chief  drawbacks  that  impede  the  commercial 
success  of  the  application  of  the  electric  furnace  to  the  smelt- 
ing of  zinc  ores  are  the  cost  of  the  current  and  of  the 
electrodes^  the  loss  of  metal,  and  the  difficulty  of  obtaining  a 
fair  proportion  of  the  zinc  as  metal  and  not  as  oxide,  which 
has  to  be  re-treated." 

The  electric  furnace  is  not  intended  to  replace  the  retort 
furnaces  in  the  smelting  of  zinc  ores,  but  to  be  used  for  the 
treatment  of  ores  not  suitable  for  the  distillation  process,  or 
possibly  as  a  substitute  in  localities  where  fuel  is  dear  but 
hyclro-electric  power  easily  available.  Early  experimental 
work  by  W.  R.  Iiigalls,  at  McGill  University,  confirmed  the 
opinion  that,  if  electric  smelting  is  to  offer  any  advantages, 
the  process  must  be  continuous,  and  all  modern  furnaces  are 
constructed  on  this  principle.  In  many  of  the  electric  fur- 
naces now  in  use  the  energy  is  applied  with  great  ingenuity 
and  high  efficiency  is  obtained,  whilst  efforts  are  made  to 
reduce  the  electrode  consumption  to  a  minimum.  The  reduc- 
tion in  the  electric  furnace  appears  to  take  place  more  rapidly 
than  in  retort  smelting,  but  the  reaction  between  the  carbon 
and  carbon  dioxide  does  not  appear  to  occur  to  such  an  extent 
as  in  the  retort.  Hence  the  electric  furnace  contains  an 
atmosphere  comparatively  rich  in  carbon  dioxide,  so  that  a 
larger  amount  of  fume  (blue  powder)  is  formed  than  when  the 
retort  furnace  is  employed. 

Cote  and  Pierron,  Johnson,  and  others  have  attempted, 
with  some  success,  to  solve  the  carbon  dioxide  problem  by  such 
means  as  passing  the  gases  through  cohumis  of  incandescent 
carbon.  But  while  progress  has  been  made,  the  discovery  of 
some  means  of  avoiding  oxidation  of  the  zinc  deposits,  as 
formed  under  the  conditions  prevailing  in  electric  smelting,  is 
still  the  problem  which  metallurgists  have  to  solve  in  connec- 
tion with  this  method. 

The  continuity  of  operation  in  the  electric  furnace  appears 
to  imply  discharging  the  residue  as  a  slag  that  will  run,  and 
there  has  consequently  been  a  tendency  for  inventors  of  elec- 
tric zinc  furnaces  to  render  the  charge  fusible,  so  that  fluid 
slags  may  be  tapped  as  from  cupolas.  This  condition,  however, 
prohibits  any  great  excess  of  carbonaceous  material  in  the 
charge,  and  accounts  for  the  higher  percentage  of  carbon 
dioxide  frequently  found  in  continuously  operated  furnaces. 

Among  the  various  types  of  electric  furnace  now  in  use, 
those  of  De  Laval,  Cote  and  Pierron,  Imbert-Fitzgerald,  and 
Johnson  may  be  mentioned.  The  first  two  may  be  selected  as 
typical  ；  De  Laval  employs  the  electric  arc,  and  Cote  and 
Pierroii  slag  resistance,  as  means  for  converting  electric 
energy  into  heat.    _ 


*  From  a  paper  on  "The  Development  of  the  Spelter  InduBtry, 
the  IiiHtitute  of  Metals,  Serteinber  i20bli,  191G. 
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The  I)e  Laval  process,  curried  on  ； il  TroUhutt an,  in  Swed("i， 
develops  heat  by  means  of  t he  an',  cum"",  bciii^  gciK'nited 
from  wa lor  power  al  prices  vuriously  ^nvtMi  as  from  38s.  to  hih. 
per  eltH'l  rit'ul  horso-{)owtM*-yo;ir.  Tho  works  ； iro  (MjuipiKHl  I'or 
18, ()()()  li.p.  The  i'liriiaces  a  re  of  ihv  rosistanco  type,  with  one 
large  vortical  carbon  electrode  passiui^  I  hrou^^h  [he  root",  the 
other  elect  rode  being  a  carbon  block  in  tlie  bot  t  om  of  t  lie  fur- 
nace. Each  furnace  has  a  capacity  of  about  3  metric  tons,  and 
smelts  nearly  3  tons  of  ore  in  24  hours.  The  complex  ore  is 
roasted  to  about  7  to  8  per  cent,  sulphur,  »nixed  with  antlira- 
cite  or  coke  and  flux  and  charged  tlirougli  a  liopper  into  a 
closed  melting  "  furnace,  where  most,  of  the  zinc  and  some  of 
the  lead  are  volatilised,  and  condense  chiefly  as  crude  spelter 
high  in  lead,  and  partly  as  blue  powder,  which  has  to  be  re- 
treated. The  other  part  of  the  lead  is  reduced  to  metal  and 
is  tapped  out  with  the  slag.  It  contains  a  considerable  pro- 
portion of  the  silver.  Some  matte  is  formed,  and  this  and  the 
slag  contain  some  of  the  lead,  zinc,  and  silver.  The  crude 
leady  spelter  passes  to  the  refining  furnace,  where  the  zinc  is 
distilled,  producing,  on  condensation,  spelter  of  high  purity 
and  a  further  quantity  of  zinc  dust,  leaving  the  balance  of  lead 
and  silver  as  base  bullion.  Two  melting  furnaces  supply  one 
refining  furnace.  The  company  owning  these  Scandinavian 
works  reported  recently  that  its  smelting  operations  have  not 
yet  proved  commercially  profitable  ；  considerable  progress  has, 
however,  been  made,  and  it  is  hoped  that  things  will  even- 
tually turn  out  well. 

The  Cote  and  Pierron  process  is  carried  on,  on  a  small  scale, 
at  Pau,  in  France  ；  experimental  work  was  also  carried  on  in 
1914，  at  Ugiiie,  in  Savoy,  and  Quenean,  in  Belgium.  An  im- 
portant feature  of  the  process  is  the  smelting  of  blende  in  the 
raw  state.  Whilst  simplifying  the  metallurgy  of  the  process, 
this  method  increases  the  difficulties  of  operation  of  the  electric 
furnace.  "  The  process  is  based  on  the  fact  that  iron  replaces 
lead  in  lead  sulphide  at  a  comparatively  low  temperature,  and 
zinc  in  zinc  sulphide  when  the  temperature  is  increased.  It 
is  claimed  for  the  process  that  by  its  means  zinc  and  lead  can 
be  completely  separated.  The  furnace  is  circular,  with  sides 
and  bottom  lined  with  graphite,  the  top  being  a  low  dome  of 
firebrick.  A  carbon  electrode,  which  can  be  raised  or  lowered 
passes  through  an  opening  in  the  centre  of  the  top,  tlie  other 
electrode,  a  cone  of  graphite,  projects  from  the  hearth.  The 
furnace  is  charged  through  the  roof,  and  the  lead,  slag,  and 
iron  sulphide  are  tapped  through  an  aperture  in  the  side.  The 
volatilised  zinc  passes  through  an  outlet  in  the  upper  part  of 
tlie  furnace  to  the  condenser,  which  consists  of  a  cylindrical 
shaft-like  chamber  of  firebrick  filled  with  coke  or  anthracite, 
and  provided  with  a  taphole  at  its  Imse  for  the  discharge  of 
the  condensed  zinc." 

The  charge,  consisting  of  a  mixture  of  blende,  iron,  and  lime, 
is  introduced  into  the  hot  furnace,  and  the  first  reaction  of 
iron  on  lead  sulphide  is  effected  at  a  relatively  low  tempera- 
ture. The  resulting  lead  is  then  tapped.  The  temperature 
is  then  raised  and  the  decoinpositiou  of  the  zinc  sulphide  by 
the  iron  brought  about.  The  zinc  distils  over,  is  condensed  in 
the  condenser,  the  carbon  in  which  is  kept  at  a  red  heat ,  to 
diminish,  as  far  as  possible,  the  formation  of  zinc  fume. 
Finally,  iron  sulphide  and  the  slag  are  run  out. 

In  America  considerable  experimental  work  has  been  done 
with  Johnson's  electric  furnace  at  Hartford,  Conn.,  and  it  is 
stated  that  arrangements  have  been  made  to  erect  a  100-ton 
commercial  plant  at  Keokuk,  Iowa.  This  is  a  continuous  pro- 
cess, with  furnace  of  the  resistance  type,  in  which  the  charge 
carries  the  current.  The  charge  is  heated  to  about  900°  C.  in 
a  continuous  pre-heater  before  reaching  the  furnace.  To  pre- 
vent the  formation  of  blue  powder,  the  carbon  dioxide  formed 
in  the  smelting  zone  is  rendered  innocuous  by  passing  the 
gases  from  the  furnace  through  an  electrically  heated  carbon 
filter,  whereby  the  carbon  dioxide  is  converted  into  harmless 
monoxide. 

Electric  zinc  smelting  has  now  passed  the  mere  experimen- 
tal stage  and  become  a  commercial  process.  It  is  not  correct, 
however,  to  say  that  it  lias  emerged  altogether  from  the  experi- 
mental stage,  since  it  is  being  continually  experimented  upon 
by  those  interested  in  this  method  of  smelting  zinc  ores. 

Since  Parnell  took  up  the  question  of  treating  complex 
lead-zinc  ores,  at  Swansea,  in  1881,  many  wet  methods  have 
been  suggested  and  experimented  with,  but  until  recently  none 
have  met  with  commercial  success,  owing  to  their  inability  to 
produce  metallic  zinc.  Unlike  most  metals  zinc  cannot  be 
precipitated  from  its  solutions  by  common  metals,  and  if  other 


|>reci|)il;uils  arc  used,  Jiiid  i(,  is  ol>t  :iiii"(l  as  "xi(li'，  iJii.s  musl.  be 
niix(nl  wil  h  carlmii  and  t  i  catcrfl  by  n  (list  ilhil  ion  \n  o('V.HH  to 
<)l)laiii  melHllic  /inc.  More  rc""iUy  liydro met ;ilhji-^i(';il  pro 
(esses  have  been  deviHed  in  which  iJie  '/iii<，，  ji Iter  liaving  \h'A'Ai 
ol)t  ;iiiuMl  ill  solut  ion,  is  prccipit  aled  in  1  lu;  sl-ai (； 

elect  rolysis  ；  but  while  tlie  tliflicult  ies  wliinh  I'ormerly  atieiuled 
the  precipitation  of  eh-ctrolytic  zinc  have  ho  far  been  overcome 
as  to  form  the  basis  of  recent  met  hods,  iho.  liigh  crosl  ol'  (！ le (！ t  ric 
power  lius  operated  against  the  ('("mm— 'n  ial  succe.ss  of  niosl  of 
these. 

However,  where  formerly  it  did  not  pay  to  leach  out  zinc 
in  the  form  of  sulphate,  owing  to  the  limited  market  for  the 
salt,  and  the  prohibitive  cost  of  converting  it,  into  oxide,  the 
growing  demand  for  white  pigments,  free  from  lead,  has  iiiade 
it  possible  to  avoid  the  necessity  for  elecirolysis  by  crystallis- 
ing the  dissolved  zinc  as  sulphate.  According  to  Sulmaii,  "  the 
unit  of  zinc  in  crystalline  sulphate  has  a  considerably  liiglier 
market  value  at  present  than  a  unit  in  the  form  of  oxide  for 
smelting  purposes/'  zinc  sulphate  now  being  largely  required 
for  the  production  of  "  lithopone."  Elect  rolyles  of  zinc 
chloride  solution  are  said  to  be  more  economical  in  electric 
current  than  solutions  of  zinc  sulphat  e,  the  elect  roriiotive  force 
necessary  for  the  decomposition  of  the  former  being  less  than 
for  the  latter. 

The  only  commercially  successful  processes  in  the  electro- 
metallurgy of  zinc  by  indirect  wet  methods  appear  to  be  those 
of  Nahnsen,  Hoepfner,  and  Dieffeiibach.  The  Nahnsen  pro- 
cess has  been  employed  at  Lipine.  Silesia,  from  1893  till  the 
present  day,  the  electrolyte  used  being  a  solution  of  the  double 
sulphate  of  zinc  and  magnesium.  The  Hoepfner  process  has 
been  commercially  successful  in  Germany,  Austria,  and  Eng- 
land. A  modification  of  the  process  is  in  use  at  the  works  of 
Brunner,  Mond,  &  Co.，  near  Northwich,  Cheshire,  for  the  pro- 
duction of  a  fine  zinc  which  is  now  made  in  considerable  quan- 
tities for  the  manufacture  of  brass  for  cartridge  cases  and 
other  articles  requiring  a  highly  ductile  alloy. 

The  zinc  ores  are  leached  with  waste  calcium  chloride  in 
the  presence  of  carbon  dioxide  ；  the  resulting  zinc  chloride 
solution  oil  electrolysis  gives  a  zinc  of  99*96  per  cent,  purity 
(known  as  Mond  zinc),  and  chlorine  gas,  which  is  used  in 
making  bleaching  powder.  The  anodes  are  of  lead  or  carbon, 
and  the  cathodes  rotating  discs  of  zinc,  partly  immersed  in 
the  electrolyte.  The  intensity  of  the  current  is  100  amps,  for 
10  8  sq.  ft.,  with  an  electromotive  force  of  3  3  to  3'8  volts. 
The  Hoepfner  process  is  in  operation  at  Duisburg,  Germany. 
Two  plants  were  also  erected  in  1914  at  Kristiaiiia  and  Bale- 
strand  (Norway)  for  the  treatment  of  Broken  Hill  flotation 
concentrates. 

The  Dieffeiibach  process  is  applied  to  Westphalian  iron 
pyrites  containing  8  per  cent,  of  zinc,  which  is  extracted  by  a 
chloridising  roast  of  the  crushed  ore,  followed  by  leaching  with 
plain  water.  The  residue,  which  is  said  to  contain  only  0'5 
per  cent,  zinc,  is  smelted  for  iron,  whilst  the  aqueous  solution 
of  zinc  chloride  is  electrolysed  in  double- compartment'  vats, 
the  anode  conipartinent  being  completely  closed.  The  libe- 
rated clilorine  is  employed  in  the  niaiiufactiire  of  bleaching 
powder. 

The  processes  which  are  being  tested  in  American  plants 
are  based  on  sulphuric  acid  leaching  and  subsequent  electro- 
lysis of  the  zinc  solution,  using  lead  anodes.  The  well-known 
Anaconda  Copper  Company  is  now  completing  a  25-ton  plant 
in  which  flotation  zinc  concentrates,  after  a  sulphate  roasting, 
will  be  leached,  with  barely  sufficient  acid  to  extract  the  zinc, 
the  resulting  liquor  being  purified  by  the  addition  of  zinc 
oxide.  This  plant  when  completed  will,  it  is  stated,  produce 
some  35,000  tons  of  fine  zinc  per  annum,  and  the  venture  is 
being  followed  with  considerable  interest. 

At  the  BulVy  Hill  mine  (Shasta  co.，  Cal.)  the  zinc  sulphate 
liquor  is  precipitated  with  lime,  and  the  precipitate  of  zinc 
hydroxide  and  calcium  sulphate  is  suspended  in  the  electrolyte 
to  neutralise  the  acid  as  fast  as  it  is  formed.  For  the  same 
purpose  the  Reed  Zinc  Company  (Palo  Alto,  Cal.),  in  the 
recovery  of  zinc  from  bag-house  dust,  use  a  spongy  lead  anode, 
which  is  converted  into  sulphate.  By  reversing  the  current, 
sulphuric  acid  and  lead  are  regenerated.  At  Silverton.  B.C., 
the  ore  is  leached  with  bisulphate  of  soda  and  electrolysis 
carried  out,  with  the  addition  of  manganese  sulphate.  The 
anode  becomes  coated  with  manganese  dioxide,  which  is  re- 
dissolved  and  used  over  again.  In  view  of  the  increasin*^ 
demand  for  electrolytic  zinc,  hydro-metallurgical  methods  of 
extraction  are  receiving  renewed  attention 
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ROTARY  INTERNAL-COMBUSTION  ENGINE. 

The  accompanying  illustrations  show  a  design  of  intern al- 
oombustion  engine  of  the  type  in  which  radially  disposed 
cylinders  revolve  about  the  crankshaft,  the  joint  invention  of 
Lieut.-Col.  J.  S.  Ruston,  Aisthorpe  Hall,  Lincoln,  and  Mr. 
A.  E.  L.  Choi'lton.  The  engine  operates  on  the  six-stroke-cycle 
and  is  provided  with  eight  cylinders  and  a  single-throw  crank- 
shaft. The  cylinders  and  crankshaft  revolve  about  a  common 
axis,  and  in  opposite  directions,  gearing  being  interposed 
between  a  fixed  member  and  the  cylinders  on  the  one  hand 
and  the  crankshaft  on  the  other  so  that  the  speeds  of  rota- 
tion of  the  two  parts  are  in  a  ratio  of  not  less  than  two  to 
one.  The  fixed  】nember  carries  cams  from  which  the  valves 
are  operated,  the  nu mber  of  the  cams  and  their  arrangement 
being  such  as  to  allow  firing  of  tlie  charges  in  the  cylinders, 
not  consecutively,  but  in  cylinders  equally  spaced  apart  so  as 
to  give  power  fron.  all  the  cylinders  in  successive  continuity. 
Power  is  taken  either  off  the  cylinders  or  ol?  the  crankshaft. 

Fig.  1  is  a  longitudinal  section  through  the  crankshaft  of 
the  engine,  and  Fig.  2  is  a  somewhat  diagrammatic  section  on 
the  line  X  of  Fig.  1  looking  in  the  direction  of  the  arrows. 
The  cylinders  A，  which  are  only  indicated  in  chain  lines  in 
Fig.  2，  are  mounted  on  a  casing  B.  A  part  G  of  the  casing  B 
is  formed  as  a  bearing  which  rotates   on   a   fixed  bearing 
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lloTAUV  Intkunal-combustion  Engine. 

member  C  within  which  is  rotatably  disposed  a  crankshaft  D 
having  a  single-throw  crank  H.  Roller  bearings  are  arranged 
between  the  crankshaft  and  the  member  C，  and  between  this 
mem ber  and  the  casing  B.  Rigidly  mounted  within  the  casing 
B  is  an  internally  toothed  ring  J，  and  fixed  on  the  crankshaft 
adjacent  to  the  crank  web  K  is  an  externally  toothed  ring  L. 
On  the  bearing  member  C  is  formed  a  flange  M  which 
carries  a  series  of  pinions  N，  each  pinion  being  mounted  with 
roller-bearings  on  a  stud  O.  There  are  three  pinions  N  dis- 
posed equidistant,  as  shown  in  Fig.  2,  and  these  gear  with  the 
internally  toothed  cylinder  ring  J  on  the  one  hand  and  with 
the  externally  toothed  crankshaft  ring  L  on  the  other.  The 
arrangement  is  such  that  as  the  cylinders  A  together  with 
the  part  G  all  rotate  in  one  direction  with  relation  to  the 
fixed  member  C  so  will  the  crankshaft  D  be  caused  to  rotate 
in  the  opposite  direction.  The  gearing  is  so  arranged  that 
the  speeds  of  rotation  of  the  cylinders  and  crankshaft  are  in 
a  ratio  of  two  to  one.  The  valve  operating  cams  are  arranged 
as  follows  ：  On  the  part  Q  are  rigidly  mounted  eight  cams  E 
by  means  of  which  the  valves  are  operated.  This  valve 
operation  is  effected  by  valve  rods  F  sliding  in  sleeves  P 
carried  bv  the  cylinder  casing.  The  valves  are  successively 
operated  by  the  fixed  cams  as  the  cylinders  and  casing  B 
rotate  about  the  fixed  member  C.  With  eight  cams  suitably 
formed  and  disposed  on  the  fixed  member  the  firing  of  the 
charges  will  take  place  in  the  cylinders  in  the  following 
order ― ]，  4,  7，  2，  5，  8,  and  so  on  so  as  to  give  power  from  all 
the  cylinders  in  successive  continuity.  The  gearing  is  enclosed 
within  tlie  casing  B,  and  is  self-contained. 


SCIENTIFIC  AND  INDUSTRIAL  RESEARCH. 

Report  of  the  Advisory  Council. 

[Coniin utd  from  puyt  220,) 

Th ('  M ovrtntnt  totvards  Trade  Association, —— It  is  clear,  we 
think,  from  these  examples  that  we  may  expect  in  growing 
measure  to  have  the  help  and  sympathy  of  the  manufacturers 
in  the  work  that  lies  ahead.  It  is  natural  that  those  who  have 
felt  the  fires  of  adversity  should  be  the  first  to  welcome  the 
new  movement,  but  there  is  growing  evidence  that  many  of 
the  most  enlightened  firms  engaged  in  prosperous  industries 
are  alive  to  the  need  for  long  views.  The  engineering  trades 
have  always  been  able  to  hold  their  own,  yet  they  had  become 
convinced  before  the  war  that  association  was  necessary, 
especially  in  the  markets  of  China  and  Russia,  if  they  were 
to  compete  successfully  with  Germany.  We  understand  that 
the  British  Engineers'  Association,  like  the  British  Electrical 
and  Allied  Manufacturers'  Association,  intend  to  include  the 
prosecution  of  research  among  their  activities.  We  believe 
that  the  so-called  price  associations  are  likely  in  many  cases 
to  extend  their  functions  in  this  way.  In  other  cases  special 
organisation  may  be  necessary.  Representatives  of  over  100 
firms  engaged  in  chemical  industries,  assembled  in  meeting  at 
Burlington  House  the  other  day,  resolved  "  that  it  is 
desirable  that  British  firms  engaged  in  the 
chemical  and  allied  trades  should  form  an 
association  to  promote  closer  co-operation, 
and  to  place  before  the  Government  the 
views  of  the  chemical  trade  generally  ；  to 
further  industrial  research,  and  to  facili- 
tate closer  co-operation  between  chemical 
manufacturers  and  various  universities 
and  technical  schools."  The  association 
then  established  has  since  advertised  for  a 
secretary  at  a  salary  of  £1,000,  and  evi- 
dently intends  to  act  energetically.  A 
Council  for  organising  the  British  engineer- 
ing industry,  formed  in  Manchester  last 
year,  has  recently  combined  with  the 
British  Engineers'  Association,  This 
Council  appointed  a  committee  to  consider 
Engineering  Education  and  Research, 
which  has  put  forth  a  stimulating  and 
comprehensive  review  of  the  whole  ques- 
tion. It  is  declared  to  be  one  of  the 
functions  of  such  an  organisation  as  theirs 
" to  develop  co-operation  between  engi- 
neering firms  on  the  one  hand,  and 
universities  and  technical  colleges  on 
the  other,  so  as  to  establish  such 
' schools  of  thought '  as  exist  in  the 
research  departments  of  great  continental  and  American 
engineering  firms,  but  cannot  be  fostered  in  the  compara- 
tively small  establishments ― and  smaller  research  depart- 
ments― of  most  British  engineering  concerns.  '  This  sentence 
strikes  a  new  note,  for  it  bases  the  need  for  co-operation  upon 
the  comparatively  small  scale  of  British  commercial  enter- 
prises. 

The  Council  have  found  that  many  scientific  industries 
are  completely  without  any  effective  trade  associations 
til  rough  which  their  common  nianufacturing  interests  and 
difficulties  can  be  approached  Broadly  speaking,  it  may  be 
said  that  the  functions  of  trade  associations  in  this  country  are 
not  as  wide  as  those  of  similar  associations  in  Germany.  The 
movements  going  on  around  us  make  it  evident,  however, 
that  tlie  difficulties  of  tradition,  trade  organisation,  and 
national  temperament  which  stand  in  the  way  of  combination, 
and  which  extend  far  beyond  the  actual  sphere  of  the 
Council's  activities,  must  be  squarely  faced  if  progress  is  to 
be  made,  and  must  be  dealt  with  as  part  of  a  comprehensive 
plan. 

Bffjni  nnufx  of  licscurch  hi/  Tvdde  A  fisociatio/ts. — Even 
those  trade  associations  which  exist  have  hitherto  shown  but 
a  moderate  appreciation  of  the  necessity  for  research  as  a 
means  of  keeping  command  of  the  market.  So  long  as  an 
industry  was  prosperous  it  was  apt  to  take  short  views  and 
feel  little  enthusiasm  for  systematic  research,  especially  if  the 
firms  it  comprised  were  small,  or  if  the  capital  engaged  had  a 
speculative  value  on  the  Stock  Exchange.  But  there  are 
indications  of  a  change  of  attitude.      The  Scottish  shale  oil 
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maiiut'aci  uirrs,  wlio  liavc  hit  Ium  I  o  luu'n  coiit  oni  wil  li  ,'in  iiuli 
vidualisl i('  policy,  have,  we  intdcrst and,  est al)lisli('(l  a  joini 
research  committee,  and  arc  making  arrangenuMits  ior  a  coiii- 
biiied  research  into  some  of  the  i、r()l)l(、ms  affecting  Mieir 
iiuhisirv.  The  Federation  of  Master  Printers  liave  direcltHi 
t  he  atioution  of  the  Council  to  several  substances  used  in  their 
1  rado  wliicli  the  war  had  shown  to  he  supplied  solely  by 
enemy  countries,  and  which  they  urge  sliould  be  investigated 
wil h  a  view  to  the  creation  of  an  iiulepeiulent  source  of 
supply.  T:jere  are  also  si^inficanl  movt'iiienls  amotig  the 
f oxt ilo  ni-uiufacturers  of  both  1  Lancashire  ;uul  Yorksliire.  Wo 
think  a  ij^ood  deal  of  the  inertia  which  Hrilish  nuuiufact urers 
have  shown  towards  research  may  have  been  due  to  a 
re.'ilisalio»i,  partly  iiist  inctive,  perhaps,  but  partly  based  on 
experience,  that  research  on  i lie  small  scale  1  hey  <'<>ul(l  afi'ord 
was  at  best  a  doubtful  proposiUoii. 

I nrprd'nn r/tts  io  Indt/stritfl  /iV、〃〃r/' .  一 Our  experience  up 
to  the  ]) resent  leads  ns,  indeed,  to  think  that  the  small  scale 
on  which  most  British  iiidustiial  firms  have  been  planned  is 
one  of  the  jM'incipal  iin pediments  in  the  way  of  the  organisa- 
tion of  research,  with  a  view  to  the  conduct  of  those  long  and 
com  plicated  investigations  which  are  necessary  for  the  solution 
of  the  fundamental  problems  lying  at  the  basis  of  our  staple 
industries.  What,  for  instance,  is  the  exact  nature  and  con- 
stitution of  the  cotton  fibre,  or  of  rubber  or  of  the  resins  ？ 
How  does  the  structure  of  an  alloy  depend  on  its  chemical  com- 
position and  on  its  mechanical  and  heat  treatment,  and  what 
relation  is  there  between  its  structure  and  the  properties 
whicli  determine  its  utility  to  the  engineer  ？  These  are 
questions  which  none  but  the  greatest  of  individual  firms  or 
a  big  combination  of  firms  could  venture  to  attack. 

The  Council  are  not  unaware,  however,  that  there  are  sub- 
stantial considerations  in  the  minds  of  many  manufacturers 
which  lead  them  to  hesitate  in  expending  large  sums  for 
research  of  a  comprehensive  kind.  Tliey  liave  complained  to 
us  that  the  recent  substitution  of  the  joint  stock  bank  for 
private  banks  has  hampered  enterprise,  because  the  modern 
bank  authorities  are  not  acquainted  with  the  perfionnel  and 
policy  of  local  firms,  and  are  not  prepared  to  finance  new 
undertakings  and  developments  in  the  same  way  that  the 
private  banks  did.  We  have  been  told  by  other  manufac- 
tp urers  that  the  rapid  conversion  of  the  businesses  in  their 
trade  into  limited  liability  companies  has  thrown  the  control 
into  the  hands  of  salaried  works  managers,  whose  training; 
and  experience  have  been  confined  to  their  own  industry,  and 
who  are  therefore  apt  to  resist  proposals  for  improvement. 

The  Council  have  also  repeatedly  been  told,  when  thev 
have  urged  the  necessity  for  expenditure  upon  research  with 
a  view  to  improvements  and  developments,  that  there  is  no 
security  that  new  ventures  will  not  be  left,  when  peace  comes, 
to  shift  for  themselves  as  best  they  may  in  face  of  the 
highly-organised  competition  of  our  enemies.  We  do  not 
need  to  be  convinced  of  the  reality  of  the  danger,  but  we  are 
inclined  to  doubt  the  efficacy  of  any  single  device  for  remov- 
ing it.  Organisation  can  only  be  fought'  by  counter  organisa- 
tion, and  so  long  as  the  Englishnian  1  reats  his  business  house 
as  his  business  castle,  adding  to  its  original  plan  here  and 
there  as  necessity  or  inclination  diiccls,  wifli  his  hand  agaiiisl 
the  hand  of  every  other  baron  in  his  trade,  and  no  ])ersoiial 
interest-  in  tlie  foreign  politics  of  his  industry  as  a  whole,  il- 
will  be  as  impossible  for  tlie  State  to  save  him,  whether  by 
research  or  other  means,  as  ii  v/ould  have  been  for  King 
Stephen  to  conduct  a  campaign  abroad.  In  the  main  (he 
State  can  only  effectively  help  those  who  lielp  themselves. 

It  appears  to  be  incontrovertible,  however,  that  for  those 
industries  at  least  which  are  essential  to  the  conduct  of  otli er 
important  national  activities,  and  which  are  both  scientific 
in  their  character  and  relatively  small  in  bulk,  there  is  very 
little  chance  of  survival  unless  special  means  are  taken  by  tlie 
State  to  safeguard  them.  We  are  thinking  of  those  scientific 
industries ― sometimes  called  key  or  pivotal  or  master  industries 
― which  can  never  employ  a  large  proportion  of  the  population, 
because  the  bulk  of  their  products  needed  for  tlie  world  trade 
is  iiiconj'iderable  ；  rxiid  yet  without  them  many  other  trades 
would  laiitrviisli  or  die.  Such  industries  are  the  magneto 
industry,  the  watchmakers'  lathe  industry,  the  optical  gLi?s 
industry,  the  chemical  glass  and  porcelain  industries,  the  fiiio 
clicniical  industry,  the  dyostufT,  synthetic  drug  and  high- 
oxplosive  industries.  This  last  group  of  industries  is  rela- 
tively large.      Our  aiuiua]  ('cm^ul^^ptiou  of  clye-stuITs  befory 


t  lir  wai-  is  said  In  liavc  Im'cii  almuf  1  wo  iniliioiis  slcrliii;^.  But 
il  t  his  is  (，o"i|mml  with  t  he  t  W()  to  I  luce  limi(lr''<l 川 illio" 
|)mm<ls'  woiih  of  t.extiloH  produced  annually  in  U"，  Uiiiiod 
Kiii^doiu.  1  lie  (lye  st-ufT  indusl  17  is  seen,  after  all,  to  fall 
witliiii  our  definition.  We  do  not  necesHarily  eiidorHo  Mie 
view  sonielinies  expressed  thut  all  key  or  pivotal  iiid ust ries 
should  be  artificially  encouraged,  l>y  reHe;m:h  grant  s  or  ot  lu;r- 
wise,  to  establish  themselves  in  t his  country  irrespef^i ive 
altogether  of  the  ikU  ural  disad  vanta^'cs  under  wliicIi  1 1  icy 
might  be  carried  on. 

The  question  is  one  of  hahiiicing  the  various  coiiHideratioiis 
that  arise.  If  a  particular  pi'oduct  is  essetit iai  to  tliB  nat ioiwil 
safety,  the  case  for  State  action  will  l)e  stronger  than  if 
it  is  not.  If  the  trade  to  which  the  product  is  a  "  key  ，，  is 
I elaiively  unimportant,,  the  case  will  he  relatively  wrak.  On 
iliis  principle  t  lie  case  for  watchmakers'  hit  lie- making  in 
ibis  country  is  weaker  t han  tliat  for  dye-sf  ufTs.  On  ihe  other 
hand,  the  argument  based  on  natural  disadvantages  must  not 
be  pressed  too  liard  in  dealing  with  the  scientific  industries, 
for  these  industries  undoubtedly  show  a  tendency  to  arise  and 
flourish  ill  those  places  in  which  the  processes  used  in  ihe 
industry  were  developed.  Moreover,  it  is  undoubtedly  a 
misfortune  for  the  industrial  life  of  a  country  as  a  whole 
if  a  fair  proportion  of  the  most  highly-scientific  trades  is  not, 
iiicluded  among  its  industries.  The  general  tone  and 
spirit  of  its  manufacture  is  liable  thereby  to  be  】（）wtn'ed，  for 
the  best  scientific  men  will  not  find  openings  in  manufacture, 
and  ihe  status  of  the  industrial  man  of  science  will  tend  to 
fall.  We  think,  therefore,  that  it  may  be  desirable  for  the 
State  to  take  special  pains  to  encourage  those  scientific  indus- 
tries which  are  recognised  to  be  essential  to  the  national  well- 
being,  and  that  accordingly  the  State  may  be  well  advised  to 
assume  a  greater  responsibility  for  the  cost  of  the  necessary 
research  for  these  industries  than  would  in  ordinary  cases  be 
admissible. 

Other  industries,  though  not  so-called  "key"  industrievS, 
may  at  the  moment  need  special  support  or  encouragement 
either  because  they  are  languishing  or  because  they  are 
struggling  to  establish  themselves  for  the  first  time  with  a 
reasonable  prospect  of  success,  but  the  question  of  assisting 
tliese  will,  in  normal  times,  undoubtedly  raise  considerations 
of  some  difficulty. 

77/ e  Need  for  a  X r  ir  0 tffIool\—T\\e  Council  are  also 
persuaded  that  if  a  healthy  condition  of  enquiry  is  to  be 
fostered  in  the  scientific  industries,  thev  must  for  some  time  to 
come  expend  a  good  deal  of  attention  and  money  upon  con- 
vincing the  manufacturing  world  in  general  that  scientific 
research  is  a  paying  proposition.  They  believe  that  the 
shortest  means  to  this  end  is  an  attack  upon  the  pressing 
problems  of  manufacture  which  arise  in  the  course  of  the 
ordiiiarv  routine ― problems  which  the  manufacturers  ought',  110 
doubt,  to  solve  by  means  of  their  own  scientific  staffs,  but 
which  their  present  staffs  are  too  small  to  undertake,  often 
because  the  firms  are  too  small  to  bear  the  necessary  cost. 
It  was  ill  this  way  that  the  universities  of  the  Middle  States 
of  A]iieri(ra  convinced  the  ffiriners  that  science  was  useful  to 
agriculture. 

Indeed,  we  recognise  fully  that  unless  the  generality  of 
Hritish  firms  can  be  induced  to  alter  their  present  attitude 
we  shall  have  failed  profoundly  in  one  of  our  appointed  tasks. 
In  the  United  States  of  America  there  has  in  certain  indus- 
tries been  an  earlier  realisation  tliaii  in  this  country  of  the 
large  part  which  the  systematic  application  of  science  has 
playcid  ill  the  rapid  progress  of  German  trade.  Large 
American  undertakings  during  the  last  20  years  have  set  up 
research  laboratories  in  increasing  numbers,  and  the  Council 
hope  that  the  first  of  the  new  series  of  pamphlets  which  they 
intend  to  issue  under  the  title  of  "  Science  and  Industry  ，， 
will  show  their  fellow  countrymen  something  of  the  progress 
that  America  has  made,  and  give  some  indication  of  the 
competition  that  awaits  them  in  tlie  future.  Mr.  A.  P.  M. 
Fleming,  one  of  the  technical  staff  of  the  British  Westiiighouse 
Company,  collected  the  material  for  this  pamphlet  during 
a  recent  visit  to  the  States,  and  by  the  courtesy  of  his 
directors  has  been  enabled  to  prepare  it  for  publication. 

Not  less  worthy  of  careful  study  is  the  description  which 
is  given  in  the  second  pamphlet  of  our  series  by  Dr.  C.  E.  K. 
Mees,  director  of  research  laboratories  of  the  Eastman  Kodak 
Coiii})any,  Rochester,  New  York  State,  of  the  organisation 
jxccssary  for  successful  industrial  research.      In  this  paper 
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Dr.  Mees  points  out  that  three  grades  of  laboratory  are 
needed  by  every  manufacturer  who  wishes  to  get  the  best 
results  from  the  application  of  science  to  his  business.  First, 
he  needs  the  ordinary  routine  or  "  works'"  laboratory  for  con- 
trolling the  quality  of  raw  materials,  fmislied  products  and 
processes.  Next,  he  should  have  what  Dr.  Mees  calls  an 
" industrial  "  laboratory  or,  as  it  might  perhaps  be  described, 
an  "  efficiency  "  laboratory,  where  improvements  in  products 
and  in  processes  tending  to  lessen  cost  of  production  and  to 
introdiu-e  new  products  on  the  market  "  are  worked  out. 
Va】ual)le  as  this  type  of  work  is,  it  does  iiot^o  to  the  root 
of  tliiiio;s.     The  results  it  can    give    are    sfi'ictly  limited. 

" Fundamental  developments  in  the  whole  subject"  in  which 
a  firm  is  interested   require  "  something  very  different  from 

the  usual  works  laboratory  In  every  case  where 

the  effect  of  research  work  has  been  very  marked  that  work 
has  been  directed,  not  towards  the  superficial  processes  of 
industry,  but  towards  the  fundamental  and  underlying  theory 
of  the  subject,"  The  function  of  the  third  type  of  laboratory 
—— the  true  research  laboratory- ~ is  to  formulate  this  under- 
lying theory.  Without  it  Abbe's  work  on  lenses,  Abbe's  and 
Schott's  work  on  glasses,  or  the  establishment  by  a  firm  in  this 
country  of  the  three  alkaloids  that  go  to  make  up  ergot  and 
the  syntlietisino  of  two  of  them,  could  never  have  been  accom- 
plished. This  kind  of  research  work  involves,  Dr.  Mees  tells 
us,  "  a  laboratory  very  different  from  the  usual  works  labora- 
tory, and  also  investigators  of  a  different  type  from  those 
employed  in  a  purely  industrial  laboratory.  It  means  a  large, 
elaborately  equipped,  and  heavily  staffed  laboratory,  engaged 
largely  on  work  which  for  many  years  will  be  unremunerative 
and  which,  for  a  considerable  time  after  its  foundation,  will 
obtain  no  results  at  all  which  can  be  applied  by  the  manufac- 
turer/' The  shortest  period  in  which  any  considerable  results 
can  be  expected  is  five  years,  while  results  so  considerable 
as  to  affect  the  whole  industry  "  cannot  be  looked  for  in  less 
than  10  years'  consecutive  work." 

If,  then,  in  tlie  early  stages  of  the  scheme,  we  are  pre- 
pared to  recommend  assistance  to  certain  industries  for  the 
solution  of  some  of  the  pressing  problems  with  which  they 
are  for  the  moment  confronted,  we  do  so  under  no  mis- 
apprehensions. If  a  manufacturer  has  the  necessary  capital 
and  has  once  realised  the  value  of  research,  he  needs  no 
encouragement  to  continue.  L'appetit  vient  en  man g eon t. 
But  in  other  cases  we  believe  the  best  procedure  will  be  to 
demonstrate  the  value  of  research  to  industry  by  carefully- 
selected  object  lessons,  and  by  the  periodical  issue  of  the 
pamphlets,  which  will  contain  accounts  of  what  has  actually- 
been  accomplished  and  what  needs  doing  in  this  field.  In 
course  of  time  we  may  hope  to  be  able  to  abandon  these 
missionarv  efforts  and  leave  more  time  and  money  available 
for  the  big  national  problems  that  lie  ahead. 

Airfericnn  and  Gernurn  Practice. ― It  must  not  be  sup- 
posed that  all  American  industries  or  firms  are  as  progressive 
as  the  Eastman  Kodak  Company,  the  General  Electric  Com- 
pany, or  the  National  Electric  Lamp  Association,  which  pur- 
chased a  park  of  over  70  acres  in  which  to  build  a  series  of 
research  institutes  for  the  service  of  the  20  odd  factories 
included  in  their  combine.  America  is  still  in  the  stage  of 
experiment  in  this  matter,  and  the  experiments  are  worth 
watcliintr. 

Research  undertaken  exclusively  for  the  benefit  of  one 
among  a  number  of  competing  firms,  either  by  a  public  insti- 
tution or  at  the  cost  of  the  State,  is  indeed  always  likely  to 
give  rise  to  difficulties.  Universities  and  public  research 
institutes  are  maintained  by  endowments  and  public  funds 
for  the  common  good,  and  any  arrangement  which  gives 
exclusive  rights  or  benefits  to  a  single  firm  as  against  others  in 
the  same  industry  is  not  easy  to,  reconcile  with  the  puWic 
advantage.  Even  more  true  is  this,  as  a  general  principle,  of 
the  use  of  the  rates  and  taxes  for  such  a  purpose.  It  is  often 
said  that  other  countries,  and  Germany  in  particular,  have 
made  (grants  to  firms  for  research,  hut  so  far  as  we  can  ascer- 
tai"  there  is  only  one  authenticated  instance  of  a  grant  from 
public  funds  in  Germany  to  an  individual  maiuifacturer  for 
resea rch  or  any  allied  purpose.  The  Prussian  Government 
made  a  erant  of,  we  believe,  £10,000  to  the  firm  of  Schott, 
in  Jena,  to  enable  them  to  work  out  with  Prof.  Abbe  on  a 
practical  scale  the  researches  he  had  initiated  into  optical 
glasses.  But  Schott  was  at  that  time  the  only  firm  in  Ger- 
many which  made  optical  glasses,  i it  represented  the  whole 


industry,  and  this  is  a  material  point.  The  German  Govern- 
ments, no  doubt,  frequently  assist  a  whole  industry  by  suitable 
tariffs,  preferential  railway  and  canal  rales,  and  harbour  clues  ； 
and,  most  important  of  all,  the  German  States  spend  lavishly 
ii])on  education,  and  especially  upon  their  universities,  their 
great  technical  and  commercial  high  schools,  and  their 
natioiuil  research  laboratories,  such  as  the  Physikalisch- 
techiiische  Reichsanstalt  in  Charlottenbiirg  and  the  Chemische 
Reichsaiistalt  at  Dahlem.  They  have  not,  however,  save  in 
the  siiii^le  case  referred  to,  used  the  taxes,  either  local  or 
Imperial,  to  pay  for  research  in  the  interest  of  a  single  firm  ； 
nor,  so  far  as  we  are  aware,  have  their  universities  and  tech- 
nical high  schools  ever  given  exclusive  privileges  to  an  indi- 
vid ual  manufacturer. 

77/  f-  S  pit  ere  of  the  /'/〃.「"•.、///,-、'  "ml  TfrJinicaJ  (，"lh(jes. — 
The  question  of  the  part  which  universities  can  and  should 
take  in  the  application  of  science  to  industry  is  extremely 
important,  but  also  extremely  difficult.  We  know  that  British 
universities  have  been  criticised  for  not  doing  more  for  the 
industries,  although  in  certain  cases  their  technological 
departments  have  been  of  great  service.  We  know  that  diffi- 
culties have  arisen  over  the  question  of  academic  freedom 
when  a  firm  has  desired  to  retain  a  professor  and  his 
researches  for  it's  own  exclusive  advantage,  (It  is  this  kind  of 
difficulty,  among  others,  that  the  Mellon  Institute  of  the 
University  of  Pittsburg  is  intended  to  avoid.)  We  know 
that  the  universities  and  technical  high  schools  of  Germany, 
Austria,  and  Switzerland  have  played  a  leading  roh  in  the 
development  of  scientific  industry  on  the  Continent.  Yet  such 
an  experienced  observer  as  Dr.  Mees  is  strongly  of  opinion 
that  the  fundamental  theory  of  a  subject  upon  which  the 
development  and  maintenance  of  industry  chiefly  depend 
" cannot  possibly  be  carried  on  to  any  large  extent  in  collabo- 
ration with  a  university."  And  lie  gives  cogent  reasons  for 
his  belief.  What  is  the  explanation  of  these  seeming  contra- 
dictions ？  We  think  it  very  possible  that  an  enquiry  into 
the  actual  problems  that  have  been  dealt  with  by  the  Univer- 
sities of  Yale  and  Pittsburg  would  show  that  they  have  not 
been  of  the  fundamental  character  which  Dr.  Mees  has  in 
mind.  He  lays  stress  on  the  necessity  for  "  continuity  of  appli- 
cation by  the  same  investigators  over  long  periods  with 
special  apparatus  and  with  the  development  of  special 
methods,"  and  sees  in  this  the  chief  difficulty  in  making  use 
of  the  universities. 

German  experience,  when  more  closely  examined,  appears 
to  point  in  the  same  direction.  The  special  research  institutes 
recently  founded  in  Leipzig  and  Berlin  with  comparatively 
loose  connection  with  the  universities  of  those  cities  are 
intended  in  part,  at  least,  "  to  provide  for  special  investiga- 
tions of  a  longer  and  more  elaborate  kind  than  those  which 
can  be  undertaken  by  university  students  or  teachers/'*  The 
fact  is,  that  although  the  German  universities  and  teclinical 
hi^li  schools  have  been  able  in  the  past  to  do  mucli  for  the 
industries,  because  their  professors  have  had  little  routine 
work  to  do  in  comparison  with  British  standards,  the  increasing 
complexity  and  length  of  the  research  necessary  for  modern 
scientific  manufacture  is  making  it  increasingly  difficult  for  the 
professor  or  the  university  laboratory  to  take  a  dominating 
share  in  the  advance.  The  work  of  Abbe,  in  collaboration 
with  the  firm  of  Schott  30  years  ago  at  Jena,  epoch-mating 
as  it  was,  fell  far  short  both  in  time  and  complication  of  the 
20-year  long  series  of  researches  that  were  necessary  to  make 
synthetic  indigo  a  marketable  product. 

In  the  past,  no  doubt,  the  freedom  of  the  university 
professor  to  work  for  a  manufacturer  was  of  great  iinpor- 
tance  in  building  up  the  industries,  but  we  suspect  that  in 
present- day  circumstances,  unless  he  is  himself  a  patentee  like 
Nernst,  the  professor  of  physical  chemistry  in  the  University 
of  Berlin,  he  is  not  usually  more  than  a  consultant  to  the 
firms  who  are  interested  in  his  science.  One  important  func- 
tion which  he  has  exercised  throughout  he  is  never  likely  to 
lose  so  long  as  lie  keeps  in  touch  with  the  needs  of  the  manu- 
factiirer,  namely,  that  of  training  a  sufficient  number  of  young 
men  for  the  service  of  the  industrial  laboratories  in  methods 
of  scientific  research— and  not  only  in  methods  of  research. 
The  student  must  not  only  be  taught  how  to  master  the 
literature  of  a  subject  and  to  attack  some  fresh  point  in  the 
line,  he  must  be  trained  no  less  in  the  practical  routine  uses 

*  Royal  Commission  on  University  Education  in  London.  Final  Report,  page  30, 
section  73. 
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of  a  laboratory  and  in  the  way  to  do  things,  such  as  the 
making  of  simple  apparatus,  for  himself. 

The  universities  can  a! id  must  be  the  main  sources  of 
research  in  pure  science,  the  discoveries  in  which  lie  ui  the 
root,  of  all  pract iral  and  technical  applications.  Yet  univer- 
sities will  not'  be  able  to  do  their  fair  share  of  this  vital  service 
nil  loss  t  liey  can  at  I  met  more  students  ami  larger  I'lnuls.  Ihit 
t  h()Ui>h  some  proi^ress  has  been  made  in  (  he  t'ouiidution  of  uni- 
versities and  the  iiunil>er  of  professors  has  largely  increased,  t  he 
eiulowinent  of  professorsliips,  t  he  one  safe  means  iit 】luxley's 
view  of  endowing  research,  has  not  kept,  pace  with  the  inun- 
ber  of  foundations.  Until  our  universities  are  in  the  position 
to  offer  appointments  which  carry  with  them  real  freedom 
from  fmancial  anxiety,  it  is  certain  that  their  teachers  will 
not,  because  they  cannot,  take  the  leading  part  which  they 
should  ill  the  national  contributions  to  knowledge.  If  the 
universities  can  do  their  full  share  of  the  new  work  in  pure 
science  they  will  do  much,  but  they  can  do  more.  They  can 
also  with  their  existing  organisation  assist  smaller  firms  and 
less  important  industries  to  solve  the  problems  immediately  in 
front  of  them,  and  they  can,  no  doubt,  attack  those  funda- 
mental problems  of  research  in  applied  science  which  are  not 
too  complex  or  too  extended  in  their  nature.  The  chemical 
constitution  of  the  stilbeiie  dyes  was,  for  instance,  worked  out 
at  the  University  of  Leeds  ；  research  into  the  nature  and  con- 
stitution of  cellulose  fibres  has  recently  been  suggested  for 
the  School  of  Technology  at  Manchester  ；  the  de-gumming  of 
silk  is  being  investigated  at  the  Imperial  College  of  Science 
and  Technology  ；  the  design  of  steam  nozzles  for  turbines  has 
been  the  subject  of  research  both  at  the  Royal  Technical 
College,  Glasgow,  and  at  the  University  of  Manchester, 
(To  he  co/iti7iiie(/.) 


COMPOUNDING  AND  SUPERHEATING  ON  FRENCH 
RAILROADS. 

An  article  by  L.  Bade,  in  a  recent  issue  of  "  Le  Genie  Civil," 
discusses  the  economies  of  fuel  utilisation  in  France  through 
the  use  of  compounding  and  superheating  on  railroads.  The 
saving  through  the  use  of  compounding  and  superheating,  as 
compared  with  the  amount  consumed  in  saturated-steam 
operation  is,  he  states,  from  15  to  20  per  cent.,  the  average 
being  17  5  per  cent.  On  January  1st，  1914,  there  were  on  the 
French  trunk  lines  13,691  locomotives,  of  which  5,751  were 
equipped  with  eitlier  compoundiag  or  superheating  or  both 
of  them  simultaneously.  Locomotives  so  equipped  made  in 
the  course  of  the  year  runs  amounting  to  a  total  of  about 
300  million  kilometres  (roughly  200  million  miles).  The  coal 
consumption  of  modern  locomotives  on  the  Midi  railway 
system  (one  of  the  most  important  French  railroad  companies) 
amounts  to  about  15.67  kgs.  per  kilometre.  Locomotives 
having  the  same  output  but  working  with  saturated  steam 
and  without  compounding  would,  therefore,  under  the  same 
conditions  of  t^^ervice,  consume  about  19  kgs.,  or  an  excess  of 
about  3*33  kgs.  per  kilometre.  Applying  this  calculation  to 
the  entire  system  of  French  trunk  lines  with  their  total  runs  of 
300  million  kilometres,  one  gets  a  saving  of  about  one  million 
metric  tons  per  year.  In  view  of  the  fact  that  the  greater 
part  of  the  coal  consumed  on  the  French  railroads  comes  from 
England,  the  importance  of  this  saving  becomes  especially 
great  at  the  present  time  and  with  the  present  scarcity  of 
bottoms. 


THE  PROPER  BLAST  FOR  AN  EFFICIENT  AIR  FURNACE. 

BY  HAROLD  HEMENWAY. 

In  the  operation  of  the  air  furnace  for  malleable  work  it  is 
essential  to  consider  the  blast  required  to  maintain  the  furnace 
at  its  highest  efficiency.  The  coal  consumption,  time  of  heats, 
and  the  cost  of  firebrick  used  in  tiie  upkeep  of  the  furnace 
must  be  considered  in  trying  to  obtain  perfect,  combustion 
from  the  fuel.  It  is  impossible  to  establish  a  rule  to  govern 
operations,  as  furnaces  vary  in  size,  the  grate  area  changing 
in  proportion  to  the  size  of  the  melting  medium.  Almost 
perfect  results  can  be  obtained  if  operations  are  well  con- 
troll^L  This  is  of  great  importance,  since  good  combustion 
ensures  economies  in  fuel  consumption,  and  with  the  proper 
control  of  the  furnace,  greater  uniformity  of  product  ensues. 
The  setting  of  tlie  bungs  in  the  furnace  is  of  utmost  inipor- 


tam:(3，  if  eflicieiicy  in  operation  is  U)  he  attained.  Tlio  brirk 
iistM!  for  the  luuigs  are  laid  up  in  a  l>ox  cont aiiiinj^  a  frame 
cotifoririin^r  to  the  shape  of  the  Jiiif^le  bungs.  WIumi  plarfvl 
(>n  the  t'urriace,  the  conipleied  hunt's  are  in  a  sirai*(}it  line 
with  t ho  curved  sides  facing  eacli  otJicr.  An  arch  hrick 
l)('t  ween  iluMii  serves  io  key  tlieni  firmly  iii  placo.  Tlie  wind 
l)mi"'  is  set  in  a  slanting  position  next  to  the  aii^Ie  huiif^s.  The 
blast,  pipes  are  placed  at  approximately  the  correct  aiit^Io  in 
six  tapered  openings  in  the  wind  bung.  As  the  pipes  extend 
only  part  way  through  the  bung,  the  direction  of*  the  top 
blast  is  not  completely  controlled  by  their  position.  Tliis 
causes  tlie  blast  to  be  directed  a  (gainst  tlie  sides  of  the  bung, 
from  where  it  is  deflected  down  into  the  furnace  In  most 
cases  this  results  in  burninf^  holes  in  the  furnace  lining,  and 
invariably  it  produces  an  uneven  melting  action  upon  the 
metal.  The  uiiiiielted  iron  must  then  be  worked  down  into 
the  molten  portion,  making  it  necessary  to  sliut  off  the  blast. 
The  furnace  is  cooled  down  l)y  this  procedine,  aitd  riiucli  of 
the  value  of  the  fuel  is  wasted. 

These  conditions  may  })e  improved  by  directing  the  top 
blast  at  the  proper  angle  as  it  enters  the  furnace.  This  is  most 
easily  accomplished  by  placing  a  clay  pipe  inside  of  the  bung, 
so  as  to  throw  the  flame  down  against  the  bottom  lining.  In 
a  furnace  having  a  decided  slope  at  the  neck,  it  has  been  found 
that  when  the  clay  pipe  is  inclined  at  an  angle  of  43。，  the  blast 
flame  clears  the  bung  and  strikes  tlie  bottom  30in.  from  the 
angle.  The  pipe  i's 】nade  by  placing  clay  in  the  opening  in 
the  brick  in  which  the  blast  pipe  is  set.  By  making  the  inside 
diameter  of  the  clay  pipe  slightly  larger  than  that  of  the  blast 
pipe,  and  by  carefully  modelling  the  walls  to  properly  direct 
the  blast,  satisfactory  results  may  be  obtained.  A  second  set 
of  top-blast  openings  in  the  face  of  the  bridge  wall  at  the 
top  are  used  in  this  furnace.  These  openings,  which  alternate 
with  those  in  the  wind  bung,  are  set  at  an  angle  of  26。.  This 
allows  the  flame  to  clear  the  angle  bungs  and  to  strike  the 
bottom  at  a  point  about  4ft.  from  the  angle. 

After  the  volume  of  air  required  to  operate  tlie  furnace 
has  been  carefully  determined,  it  is  necessary  to  proportion 
the  amount  between  the  top  blast  and  the  grate  blast.  In 
most  cases  this  will  give  less  blast  under  the  fire  and  will 
increase  the  amount  of  top  blast  generally  used.  The  reduc- 
tion of  the  amount  of  air  entering  from  under  the  grate  slows 
down  combustion  in  the  firebox,  and,  with  proper  firing,  allows 
tile  gas  to  generate  and  enter  the  furnace,  where  it  mixes  with 
tlie  top  blast.  If  the  top-blast  pipes  are  inclined  at  the  proper 
angle,  the  blast  follows  tlie  course  of  the  flame  and  becomes 
part  of  it.  As  it  is  directed  low  in  the  furnace,  it  will  cut 
tlirough  the  pig  and  sprue  without  hurdling  over  it.  This 
will  cause  the  time  of  the  heat  to  be  shortened  considerably. 

Much  has  been  said  in  regard  to  the  importance  of  the 
radiation  of  lieat  from  the  bungs,  but  there  seems  to  be  some 
doubt  as  to  the  value  of  this  theory.  If  furnaces  were 
operated  on  the  assumption  that  the  radiated  heat  is  of  the 
greater  value,  the  flame  would  pass  high  up  into  the  furnace, 
and  while  the  metal  would  be  satisfactorily  melted,  the  opera- 
tion would  be  extremely  slow,  as  the  flame  would  not  sweep 
down  upon  the  bath.  The  cost  of  maintenance  of  such  a 
furnace  would  be  considerably  increased  because  a  high-grade, 
expensive  brick  would  be  required  for  the  bungs.  The  ordi- 
nary type  would  burn  out  rapidly  if  subjected  to  the  heat  of 
a  melting  unit  operated  according  to  the  radiation  theory. 

In  a  furnace  with  the  bung  blast  ])ipes  properly  set,  and  with 
the  top  and  bottom  blasts  carefully  regulated,  conditions  are 
ideal  for  prolonging  the  life  of  tlie  bungs.  Ordinarily,  in  such 
a  furnace,  the  angle  bungs  withstand  from  30  to  60  heats, 
cle})eiiding  largely  upon  whetlier  they  are  broken  by  iron  acci- 
dentally thrown  against  them  in  charging.  The  other  bungs 
in  tlie  furnace  proper  have  a  life  of  from  50  to  175  heats. 
The  bungs  on  the  waste-heat  flue  leading  into  the  stack  last 
inde(n)itely  and  frequently  go  through  an  entire  season  with- 
out showing  any  elfects  from  the  heat. 

The  use  of  clay  pipes  allows  the  outside  pipes  to  be  inclined 
toward  the  centre  slightly  so  that  the  flame  and  metal  will  not 
be  tlirown  against  the  side  walls.  This  prolongs  the  life  of 
the  brick  and  is  an  important  factor  in  economical  operation 
of  the  furnace.  The  blast  in  the  bridge,  which  enters  through 
the  second  set  of  pipes,  protects  the  bridge  from  extreme 
lieat,  and  prevents  it  from  cracking.    The  time  required  for 
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a  lOi-ton  heat  in  this  furnace  is  from  4  to  Ah  hours.  The 
metal  is  13?>iii.  deep.  It  is  believed  tliat  with  a  wider  furnace, 
in  which  the  depth  of  the  metal  could  be  reduced  to  about 
Bin.,  better  results  could  be  obtained.  Furnace  efficiency  seems 
to  be  greatest  when  the  blast  pipes  are  directed  so  as  to  hold 
the  flame  low  in  the  furnace,  and  when  the  proper  relation 
between  the  top  and  bottom  blasts  is  maintained.  Under  such 
conditions  one  grade  of  low-priced  firebrick  may  be  used  for 
both  walls  and  bungs  ;  also  the  time  of  heats  will  be  reduced 
to  a  minimuni.  Almost  perfect  combustion  may  be  obtained, 
the  losses  amounting  to  less  than  5  per  cent. —— （'The  Foundry." 


BOOKS  FOR  STUDENTS  IN  CAPTIVITY. 

The  ii rst  nieeliiiix  of  t he  iie、vl v-forme(l  comniitt ee  for  tlie 
ni anagenient  of  the  British  Prisoners  of  War  Book  Scheme, 
a  war  charitv  hitherto  carried  on  by  ]VIr.  A.  T.  Davies,  at  the 
offices  of  the  Board  of  Education,  but  now  being  registered 
under  the  War  Charities  Act,  1916,  was  recently  held 
at  Whitehall.  A  letter  was  read  from  the  Marquis  of  Crewe, 
President  of  the  Board  of  Education,  expressing-  his  apprecia- 
tion of  1  lie  work  done  in  the  past,  and  of*  the  in  valuable  ser- 
vices which  the  organisation  could  render  to  British  prisoners 
of  war  bv  giving^  them  the  opportunity  of  developing  serious 
interests  in  different  directions  during  the  hard  and  dreary 
months  of  their  detention.  His  Lordship  added,  that  he 
trusted  the  work  would  become  more  and  more  fruitful.  The 
following  officers  were  elected  :  Chairman,  Mr.  A.  T.  Davies 
(Board  of  Education)  ；  treasurer.  Rear- Admiral  J.  F.  Parry, 
C.B.,  Hyclrographer  to  the  Navv.  The  appointment  of  a 
secretary  was  held  over.  A  erratifving"  report  was  read  from 
the  Principal  Examiner  to  the  Board  of  Trade  (Marine 
Department)  on  the  result  of  the  recent  examinations  held 
at  the  camp  at  Groiiineen,  in  Holland.  Nineteen  candidates 
presented  themselves  for  examination  for  the  Second  Mate 
and  otlier  certificates,  and  all  passed,  in  a  liighlv  creditable 
ttiJi niier,  a  searching;  examination,  a  fact  which,  the  Principal 
Examiner  stated,  "bore  eloquent  testimony  to  the  value  of  the 
opportunities  for  self-improvement  afforded  at  the  camp.  As 
a  result  further  classes  are  now  being  formed  at  Groningen  for 
candidates  for  certificates  of  competency  in  the  Mercantile 
Marine.  Evidence  is  also  comins:  to  hand  from  camps  as  far 
distant  as  Asia  Minor  of  considerable  development  in  tlie 
orsjanisation  of  educational  work  am  one:  the  men  interned 
there.  From  these  camps  a  contiinious  stream  of  applications 
for  books  for  serious  studv  was  report ed  to  the  coniniittee,  who 
exDressed  the  hope  that  the  nnhlir  will  continue,  by  offers  of 
piiitahle  hooks  (new  or  second  handV  to  support  a  war  charitv, 
the  need  for  which  was  dailv  becomiiiP"  more  and  more  evident, 
and  the  niarhinerv  of  which  was  being  increasingly  taken 
ad  vail  t  a  ire  of  bv  tiie  friends  aiu]  relatives  of  prisoners  in  all 
pnrt.s  of  fl^e  "British  F,]jij)ire.  Furtliei'  partinilars  respecting 
this  war  charitv  and  its  work  can  he  oMained  on  a  r>nlication 
to  Mr.  A.  T  Davies.  at  the  Board  of  Education,  Whitehall. 
T.onrloi),  S.W  A)]  com niuiiications  should  have  the  wntvls 
" Prisoners  of  W;i r  '•  written  in  the  left-h and  corner  of  the 
envelope. 


NEW  PATENTS. 

Sprrifirnfinri'i  of  fhr  fnllov'in  <i  (ire  i)mr  ptihlhh  fd .  n  "rl  irr  shall 
hr  nlrnfirrJ  in  inward  rnriifs  unsf  frrr  "〃  rrrripf  of  ^rf.  Adrirrss 
" Mrrhnniral  Etiginrrr.^^         Nr\r  Jhi'tlr  }f  Shrrf,  Mn tichr.itrr. 

MECHANICAL,  1915. 

SriH'ltinti  fiiniaccs.     H uck.    82 (>."). 

Stfjiin  condensing  plant.    Morison.  SlMV). 

Process  for  atrtzlomwathi^  ores.     Fried.  K r  iipj)  Akt.  Gps.  (Ji-iison- 

werk.  10418. 
Steam  locoinoti ve.s.     rmrav.     1 1270. 

('arf)iirettors  for  i ii torn al  com bustioti  onjzines.    Longley.  12145. 
('l，；mup  gearing  for  iriacliinory.    Piatt  Bros,    and    Co..   &  Hal!. 
1  二 

Hailuay  l)rjikcs.    Focsoy.  125；}8. 

C; rates  tor  locoinr)ti ves.    Allen.  1*257(). 

A  Tea  lis  for  regulating  and  indicatiii<i;  toinperatnrcs.  1 1  12597. 
Carburetters   for   in  tern  a 卜 combustion   engines.     Tm'n'iis.  12()2i) 

and  12621. 
Stop  cocks  for  .stoain.    Lt^yslion.    1271 4. 

Valvo  gear  for  iiitorna!  combustion  ("igiia's.    Serex.  1272»J. 
Screu-cntting  dies.    Marks.  12817. 


Apparatus  for  cleaning  the  smoke  tubes  of  steam  boilers.  Parry. 
12829. 

Priming  devices  for  internal-combustion  engines.    Kopf.  1287,5. 
Stuffing  box  piston  packings.    Arthur  G.  Enock  &  Co.,  and  Enock. 
13012. 

Construct  if  )ii  of  ships.    Keid.  13030. 
Lathes.    Booth  &  Page.  14291. 

〖Ttilisati(m  of  Moiul  gas,  and  tlio  rorovcrv  of  bv  products  tliore- 

frorn.    Twyiiam.  14' 亂 
Charging  of  two-cycle  gas  enjj;iiies.     JNIatlier  A.   IMatt,  Ltd.,  and 

Davidson.  14639. 
Clutch  and  reversing  g(、ar  for    mariiie-niotoi-    shafts.  Langdon. 

15722. 

Taps  or  valves.    Downip.  15864. 

Attachnionts  for  operating  waving  tools  on  lathes.   Cole.  15975. 
CMutcli  inerhanisins.    Marks.  17190. 

(Jas  engines.  Travis,  and  National  Gas  Engine  Company.  17318. 
Aj  paratiis  for  heating  tho  feed  water  of  fuel  economisers.  Ogdoti. 

Two  stroke  cycle  internal  comI)nsti<)n  engines.  Robertson  &  Moss. 
17904. 

1916. 

Temperutnre  and  p^essii re  controlling  devices  for  hot  water  heat- 
ing systems.    Clark,  W.  E.  133. 

Switching  devices  for  starting;  internal conibustion  engines.  Bosch. 
K.    412.  1 

Jigs  for  use  in  (Irilling.    Barnes.  A.  797. 

Condensers.    Hough.  A.  2792. 

Tilting  furnaces.    Kitchen,  H.  J.,  and  Balmforth  &  Co.,  T.  3598. 
Method  of  and  apparatus  for  softening  water.    Linden,  L.  4562. 
Hydraulic  elevators.    Massey^  G.  4908. 

Apparatus  for  the  detection  of  leakages  in  the  water  jackets  of 

blastfurnaces.    Burt.  L.  S.  7683. 
Superheaters  for  marine  boilers.    Scliniidt'sclie  HeissdamDf  Ges. 

9811.  ' 

ELECTRICAL.  1914. 

Rojiulatiii^  moans  for  electrical  installations.  Soc.  Aiiou.  des 
Etablissenients  L.  Bleriot.  24(i20. 

1915. 

Polyphase  generator  for  high-frequency  nirreiits  with  polyphase 

tuned  spark  gap.    Ronzet.  519. 
Dynamo  electric  power-transmission  apparatus    of    the  unipolar 

type.    Breslaner.  8334. 
Printing  telogranli  systems.    Cardwell.  8451. 
Electric  testing  apparatus.    Crozier  &  AVhellei'.  12644. 
Electric  lighting  of  vehicles.     Smith  &  Robinson.  12781. 
Electric  inranclescent  lanins.    British  Thomson- Houston  Company. 

12792.  *  ' 

Means  for  regulating  the  outptit  of  dviiamos  driven  at  variable 

speeds.    Dnfty.  13283. 
Combined  electric  switches  and  plug  couplings.    McTmloe.  15427. 
Primary  galvanic  battery  cells.    Bronsted,  and  Hellesens,  Enke, 

and  V.  Lnclvigsen.  16471. 
Electric  batteries.    Beaumont.  K)51(). 

1916. 

Printing  telegraph  sy .stems.    Cardwoll.  A.  D.    8211.  ' 


METAL  QUOTATIONS. 

TUESDAY,  SEPTEMBER  i:6th. 

Aluminium  ingot   -   ―   per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  " 

,,        sheets  ,,    ―  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   per  lb. 

，，    tubes  (brazed)      1/5|  ，， 

"        ，， (solid  drawn)    l/3f  " 

，，        ，， wire   ，， 

Copper,  Standard    £116/—/-  per  ton. 

Iron,  Cleveland   ■   87/6  " 

，， Scotch   ―  " 

Lead,  English   £32/')/-  ，， 

，， Foreign  (soft)   £：}()/ 10/- ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb, 

"  "       ，，         medium    3/6  to  6/-  " 

，，  ，，       ，，         large    7/6  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    32^d.  per  oz. 

Spelter  (American)   £40/-/-  per  ton. 

Tin,  block    £172/-/-  per  ton. 

Tin  plates,  I.C   3()/(i  per  box. 

Zinc  sheets    £72  per  ton. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown* 

For  one  and  then  another  of  the  blessed  joints  bad  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand. 

Now  a  smile  he's  always  wearing,  he's  found  ••  NONLEAK  "  will  stand. 


WHY  NOT  WEAR  A  SMILEP 

NONLEAK 眉^ 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  I 


FRBB  FBOU  LE^I 

rUfFBOYES  WITH  AOB  1 
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The  Education  of  Mechanical  Engineers. 

Probably  no  subject  has  been  more  fully  discussed  during 
recent  years  than  the  education  of  mechanical  engineers,  and 
yet,  notwithstanding  all  that  has  been  said  and  written,  it  is 
far  from  having  reached  finality.  Probably  it  never  will  be, 
and  it  might  not  be  advantageous  if  it  did.  The  subject 
is  so  complex,  and  can  be  regarded  from  so  many  points  of 
view,  that  it  is  impossible  to  secure  uniformity  of  opinion. 
This  is  not  to  say  that  discussion  is  useless  or  to  be  deprecated. 
The  more  the  subject  is  searched  and  probed  the  more  are 
those  studying  it  likely  to  arrive  at  agreement  on  main  prin- 
ciples. Teaching  authorities  whose  experience  of  engineer- 
ing is  derived  solely  from  a  technical  school  or  college  course 
are  naturally  inclined  to  attach  undue  importance  to  the  advan- 
tages of  what  may  be  called  purely  theoretical  or  scientific 
training.  On  the  other  hand,  a  man  whose  experience  has 
been  gained  exclusively  in  the  workshop  has  a  tendency  to 
undervalue  what  he  contemptuously  dubs  as  "school-learning" 
with  results  that  are  even  more  detrimental  to  progress.  This 
type  of  individual  is,  however,  happily  becoming  extinct  in 
engineering  circles.  He  belongs  mainly  to  a  past  generation 
and  his  survivors  are  a  rapidly  dwindling  minority.  More  and 
more  it  is  becoming  recognised  that  engineering  is  applied 
science,  and  that  science  cannot  be  efficiently  applied  to  man's 
needs  without  an  intimate  acquaintance  witli  the  laws  and 
principles  by  which  it  is  governed.  The  question  of  education 
from  an  engineering  point  of  view  is  how  best  to  co-ordinate 
the  laws  and  principles  of  science  such  as  may  be  taught  in 
the  classroom  or  laboratory  with  the  experience  and  practice 
of  the  workshop,  where  discipline  and  responsibility  become 
new  and  yet  important  factors  in  the  training  of  the  young 
engineer.  Every  army  of  workers  must  in  the  main  consist 
of  privates  or  artisans.  Only  a  small  percentage  can  be  junior 
officers  in  the  shape  of  leading  hands  and  foremen,  and  fewer 
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still  can  liope  to  occupy  the  position  of  designer,  manager,  or 
employer.    A  small  highly-favoured  minority  may  possess  the 
social  means  or  influence   which    enable   them    to  undergo 
tlie  continuous  preparatory  school,  college,  and  shop  training, 
specially  designed  to  qualify  them  to  take  officer's  rank  right 
away,  but  any  scheme  of  training  for  the  engineering  army 
must  be  designed  in  the  main  for  the  great  majority  who  enter 
as  privates,  though  no  scheme  in  these  democratic  days  can 
be  considered  adequate  that  does  not  permit  and  encourage  the 
private  to  enter  the  higher  ranks,  even  to  the  highest,  if  lie 
has  the  requisite  energy  and  ability.    It  is  safe  to  say  that 
whatever  schemes  are  devised,  tliat  amongst  those  who  enter 
engineering,  with  all  the  privileges  and  advantages  which 
social  position  and  influence  can  give,  there  will  be  some  that 
will  end  by  becoming  humble  workmen,  while  others  will  find 
their  very  poverty  in  these  privileges  an  incentive  to  effort  that 
will  carry  them  to  the  top  of  the  profession.      This  is  as  it 
sliould  be.    Incentive  to  continuous  effort  is  the  only  key  to 
real  progress.      The  education  of  an  engineer  is  not,  in  its 
broadest  ami  deepest  sense,  that  wliicli  begins  at  the  elementary 
school  and  ends  at  the  technological  school  or  university  at  the 
age  of  manhood,  but  continues  throughout  his  life  until  lie 
ceases  practice.    In  March,  1914,  Principal  Ganiett,  of  the 
Manchester  Municipal   School  of  Technology,  read   a  paper 
lief  ore  the  Manchester  Association  of  Engineers  on  this  subject 
of  engineering  education.    The  paper  outlined  an  elaborate 
scheme  for  dealing  witli  boys  leaving  elementary  or  private 
preparatory  schools  at  the  age  of  12  or  13  up  to  their  becoming 
finally  dovetailed  into  the  profession  either  as  artisans,  fore- 
men, draughtsmen,  or  managers.    AVe  felt  at  the  time  that  the 
weakness  of  the  scheme  was  its  complexity,  but  it  had  the 
effect  of  bringing  about  a  very  full  discussion,  and  Principal 
Garnett,  in  his  reply,  suggested  that  the  Council  of  the  Asso- 
ciation should  make  public  the  existing  means  and  facilities 
afforded  by  engineering  firms  for  the  training  of  engineers  in 
tlie  Manchester  district.      Pursuant  to  this  suggestion,  the 
Council  appointed  a  small  committee  to  consider  the  subject 
in  the  light  of  the  paper  and  resulting  discussion  and  report 
the  result.    The  committee  then  appointed  has  completed  its' 
labours,  and   the  report,  which  has  been  approved  by  the 
Council,  has  just  been  issued.    It  is  a  valuable  document,  and 
its  suggestions  will,  we  are  sure,  meet  with  the  approval  of 
all  mechanical  engineers  wlio  have  given  the  matter  serious 
consideration.    The  defects  of  the  educational    scheme  pro- 
pounded by  1)1'.  Garnett  were  not  only  its  complexity —— which 
is  emphasized  by  a  "  flow-diagram  "  in  the  report  showing 
its  collective  and  distributive  features ― but  the  absence  of 
that  persistance  and  discipline  which  only  the  workshop  can 
provide.    This  is  a  defect  common  to  most  of  the  schemes  of 
engineering  training  that  have  been    proposed    by  educa- 
tionalists,    who    are     professors     rather    than  engineers, 
and  do  not  grasp  the  essential   difference   in    this  respect 
between  the  college  and  the  workshop.    It  is  only  when  a 
boy  enters  the  latter,  receiving   wages    instead    of  paying 
fees,  that  he  learns  for  the  first  time  the  full  meaning  of 
responsibility  and  discipline;  the  value  of  materials  and  time  : 
the  cost  of  mistakes,   and  the  necessity  of  avoiding  them . 
Another  serious  defect  in  tlie  sclieme  was  the  proposal  to  start 
boys  on  technical  courses  at  the  age  of  12  to  14.     At  this 
early  age  it  is  impossible  to  form  a  correct  idea  of  what  the 
boy  is  best  suited  for,  or  what  is  best  suited  for  tlie  boy. 
The  fundamental  weakness  of  British  education  is  the  lack  of 
sound  elementary  training,  and  the  committee  in  their  report 
set  out  with  this  fact  well  recognised,  and  further,  concentrate 
their  attention  on  the  fact  that  about  85  per  cent,  of  the 


apprentices  in  the  engineering  trade  commence  work  at  the 
age  of  14.    It  would  no  doubt  be  far  better  for  tlie  nation  if 
this  age  could  be  raised  a  couple  of  years,  but  under  present 
circumstances  it  is  probably  too  much  to  expect  so  great  a 
change,  and  therefore  any  scheme  must  be  based  on  existing 
conditions.    The  main  point  is  that  up  to  the  age  of  14  nothing 
in  the  nature  of  specialisation  should  be  attempted,  and  that 
attention  should  be  concentrated  on  a  sound  foundation.  Con- 
tinuity in  education  is  the  main  point  to  aim  at  for  boys  who 
enter  works  at  this  age,  and  this,  it  is  suggested,  should  be 
secured  by  blending  appropriate  education  with  workshop 
practice.    There  are  two  ways  in  which  this  can  be  done,  by 
part-time  day  classes  or  by  evening  instruction,  but  we  quite 
agree  with  the  committee's  suggestion  that  up  to  the  age  of 
17  evening  classes  should  be  avoided.    Strong  lads  can  attend 
them  without  suffering  physical  deterioration,  but,  speaking 
from  experience,  we  know  what  a  hard  drain  upon  strength  it 
is  to  get  lip  between  five  and  six  in  a  morning,  and  put  in 
two  hours'  schooling  at  night  after  workshop  hours.  Day  school- 
ing in  early  youth  is  far  more  efficient  than  night  schooling, 
and  though  the  absence  of  a  boy  during  two  half-days  a  week 
at  technical  classes  may  cause  a  little  inconvenience  in  tlie 
workshop,  it  is  no    more  than  can  be  overcome  by  a  little 
organisation,    and    would   be   more    than   compensated  by 
increased  efficiency,  while  tlie  payment  of  tlie  fees  by  the 
employer  would  retain  his  influence  over  the  boy.    At  the  age 
of  17  evening  classes  may  be  attended  with  much  less  risk  of 
physical  deterioration,  and  experience  shows  that  with  very- 
little  encouragement  the  best  boys  seek  it  from  self-interest, 
while  the  more  brilliant  could,  by  aid  of  the  many  scholar- 
ships and  exhibitions   available,   secure  an  opportunity  for 
entering  a  higher  technical  school,  or  if  sufficiently  clever,  a 
university.   Such  boys  would  in  fact  secure  the  best  chances  of 
becoming  designers,  managers,  and  eventually  employers  them- 
selves, although  they  may  have  started  on  the  lowest  rung  of 
the    engineering  ladder.     The    report    makes    other  useful 
suggestions  deserving  of  brief  reference.    For  instance,  much 
more  may  be  done  for  the  encouragement  of  bright  boys  in 
the  works  than  is  done  at  present  by  a  display  of  intelli- 
gent  and    generous    interest   in   their   welfare.     "  In  large 
works  a  man  of  suitable  ability,"  it  is  suggested,  ((  might 
devote  all  his  time  to  following  the  scholastic  and  practical 
work  of  the  apprentices  in  answering  questions  on  work  in 
progress,  in  giving   explanation^   of  .shop,  methods,  and  in 
inspecting  homework,  and   acting  as  a  judge  in  granting 
reward."    This  may  not  be  feasible  in  small  works,  but  even 
there  principals  might  often  take  more  interest  in  boys  than 
they  do.    What  should  be  aimed  at  finally  is  the  production 
of  intelligent,  contented  work  men  and  capable,  energetic  fore- 
men and  managers,  with  equal  opportunities  for  all  to  advance- 
ment, controlled  only  by  personal  ability  and  perseverance. 


U.  S.  Dreadnought   to   be   Propelled   by   Electricity. ― The 

super-dreadnought  "  Tennessee,"  now  under  construction  for 
llie  U.S.  Navy,  is  to  be  equipped  for  electric  propulsion  with 
apparatus  built  by  the  Westinghouse  Electric  and  Manufac- 
turing Company,  East  Pittsburg.  Instead  of  the  propellers 
being  mechanically  connected  to  driving  engines  or  steam 
turbines,  two  steam  turbines  developing  over  33,000  li.p.  will 
drive  electric  generators  which  in  turn  will  furnish  current 
for  four  6,700  h.p.  motors,  each  motor  coupled  to  a  propeller. 
By  this  arrangement  the  steam  turbines  may  be  located  in 
any  desired  part  of  the  ship,  and  the  propelling  machinery 
is  thus  better  protected  from  injury  than  otherwise  ；  and  full 
power  is  available  for  reversing,  besides  great  rapidity  in 
manoeuvring  being  possible.  Several  hundred  electric  motors 
will  be  required  for  supplying  light  and  power  throughout 
the  vessel,  and  electricity  is  to  be  used  for  cooking,  ice- 
making,  refrigerating,  and  other  purposes.  In  all  about 
37,500  h.p.  of  electricity  will  be  needed. 
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EFFECT  OF  BLASTFURNACE  GASES  ON  WROUGHT  IRON. 


M  K.  T.  11.  HvuoM,  ill  his  papei'  on  "  The  Carburisal  ion  ol' 
Iron  at  Low  Temperatures  in  Blastfurnace  Gases  "  ( Joui-nal 
of  the  Iron  and  Steel  Institute,  1915,  No.  II. ，  p.  10(>),  showed 
that  soft  steel,  when  exposed  to  the  action  of  the  gases  from 
blastfurnaces  at  the  Wigaii  Furnaces,  which  were  eniployod  in 
the  manufacture  of  ferro-manganese,  is  substantially  converted 
into  carbide  of  iron,  Fe.jC,  without  the  formation  of  any  free 
carbon  in  the  interior  of  the  mass.  The  temperature  of  the 
gases  varied  between  600"  and  70(V^  C. 

Sir  Lowthian  Bell,  previous  to  1872，  showed  that  when 
carbonic  oxide  is  passed  over  iron  oxide  at  400'、  C.  and  above, 
reduction  of  the  oxide  to  the  metallic  state  is  iiiore  or  less  com- 
plete, and  coiiicideiitally  the  carbonic  oxide  is  reduced  to  free 
carbon  in  the  spongy  mass. 

Jolni  Pattinsoii,  previous  to  1876，  working  in  conjunction 
with  Mr.  Charles  Wood,  proved  that  firebricks,  used  in  furnace 
linings,  if  they  contained  free  oxides  of  iron,  disintegrated  in 
course  of  time,  due  to  the  same  peculiar  reaction.  The 
carbonic  oxide  penetrating  the  porous  bricks,  attacked  the 
oxide  and  deposited  carbon,  which,  exerting  enormous  pres- 
sure, burst  the  bricks  into  pieces.  Pattinson  also  recorded  the 
results  of  an  examination  of  a  black  powder  found  in  the 
concrete  of  a  gas  flue  at  the  Tees  Ironworks.  It  contained 
the  following  : 

Per  cent. 

Carbon    91-76 

Iron    3*54 

Phosphorus    0'043 

Silica  oxygen    1'777 

Loss  on  drying  at  212°  Fall   2.880 

,  100-000 

D     ■      1,  ,  1  91-76    25  carbon. 

Ratio  01  iron  to  carbon  …       r  a  ~  t- . 

3-54       1  iron. 

Pieces  of  cast  iron,  having  all  the  properties  of  Cleveland 
pig  iron,  were  found  inside  the  mass  of  black  deposit.  In  tlie 
incombustible  part  of  the  black  substance,  excluding  the 
oxygen,  the  elements  were  found  to  be  associated  in  the  same 
ratio  as  they  exist  in  Cleveland  pig  iron.  It  was  assumed  that 
rusted  pieces  of  Cleveland  scrap  iron  had  accidentally  got  into 
the  concrete,  that  the  carbonic  oxide  had  attacked  the  rust, 
and  the  spongy  iron  produced  had  induced  the  continuous 
deposition  of  carbon  from  the  carbon  oxide. 

The  exact  reactions  which  actually  occur  are  far  from 
being  clear,  and  it  is  doubtful  whether  they  can  be  dismissed 
by  the  formula  usually  advanced.  The  question  as  to  whether 
the  lower  oxides  of  iron  play  any  part  in  the  reaction  is  not 
clear.  It  is  known  that  during  the  carburisation  of  iron  in 
the  cementation  process,  the  carbonic  oxide  gas  is  the  vehicle 
of  the  carbon  and  that  carbon  dioxide  and  iron  carbide  are 
the  products  : — 

+  (C0〉〃  =  Fe^C  +  (CO,)n  +  (C0)"， 

and  that  it  is  improbable  that  oxides  of  iron  play  any  part  as 
an  intermediary. 

Much  might  be  written  on  ilie  alleged  chemical  and 
catalytic  reactions,  but  it  is  not  proposed  to  do  this  at  present, 
the  object  being  to  show  that  apparently  the  oxides  imprisoned 
ill  wrought  iron  induce  carbon  precipitation,  and  the  partial 
disintegration  of  the  iron  itself,  when  such  iron  is  heated  in 
blastfurnace  gases  rich  in  carbonic  oxide.  It  has  been  shown 
that  at  5:)0。  C.  and  above,  gases  containing  about  30  per  cent, 
carbonic  oxide  and  3  to  4  per  cent  carbonic  acid  rapidly 
carburise  iron,  but  at  lower  temperatures  than  500°  C.  there 
is  no  carburisation. 

The  object  of  this  note  is  to  describe  the  effect  of  bias 卜 
"miace  gases  on  wrought  iron,  at  temperatures  between  400。 
and  500°  C,    The  phenomena  were  observed  quite  incidentally 

*  Papor  road  at  the  autumn  meeting  of  tho  Iron  and  Stool  Institute,  Scptt'iuber, 


Bhsier 


- Blister 


(— ).05  per  cent,  carbon,  a  fact  justifying  tlie  coiiclLi^;ioii  tliat  tlie 
ieuiperature  had  not  exceeded  about  SOC^  C. 

On  screwing  off  the  cap  to  get  at  the  bars,  a  considerable 
quantity  of  fine  dense  black  powder  fell  out  with  the  bars, 
and  the  lower  part  of  the  upper  Lube  contained  much  of  the 
same  substance  loosely  adhering  to  its  sides.  In  physical 
appearance  the  powder  resembled  lamp-black.  All  the 
blisters  on  the  tubes  were  filled  with  this  black  powder,  and 
some  had  deposited  on  the  inside  walls  of  the  thicker  tube  as 
well  as  the  walls  of  the  thin  tube.  Originally  these  walls,' as 
well  as  the  exterior  surfaces,  were  coated  with  a  thin  layer  of 
blue  scale,  as  is  usual  with  all  sucli  】iot-i'oUed  material. 
Carbon  seems  to  have  deposited  over  the  whole  interior  sur- 
faces, but  none  at  all  on  the  exterior  portions,  excepting  at  the 


when  im(、iitini(       1  lie  im:i^ii('1  ic  inojuTl  ics  (j|  tiiaiigaiie»e 

strrls  will)  t  lu;  ol)j('cl  of  asccrhiiiiiiiL;  I  1"'  dV(，("，  ol*  very  pro- 
loii!^r(、tl  luNit  iii^  at  relaLivtily  low  Uitn pcr-jit  ii res.  IJaiH  of  ilic  Hteeln 
、、'（"、'  placed  iiiHide  of  a  \vi'ougl"'-iron  l,ul)e  or  case,  nwA  the  cane 
wii  li  foiiients  was  placed  in  I  he  middle  ol*  a  gas  due,  where  tho 
lom|)e!-;U-ure  raii^^ed  1)elween  400"  and  500"  (:.，  and  was  allowed 
t  o  reriiain  there  for  nearly  two  year  s,  but  I  lie  case  and  ilie 
bars  were  removed  and  examined  at  intervals.  Fig.  ]  clcai'ly 
shows  ilic  nieUiod  of  susj)eiiding  the  case  in  the  gases. 

Alter  exposure  for  a  year,  the  wrouglit-iron  tubes  wero 
found  to  be  blistered  in  many  places,  and  at  certain  points 
layers  of  the  iron  had  been  torn  away  from  the  places  where 
the  screwing  terminated  and  were  beginning  to  curl  over  in 
the  way  illustrated  in  the  sketches  (Fig.  2).  As  one  had  the 
opportunity  of  exarniiiiiig  the  outside  of  the  case  at  intervals, 
the  gradual  progressive  tearing  action  was  followed.  From 
the  first  it  was  clear  that  carbon  was  bei ng  deposited  from  the 
gas  and  was  responsible  for  causing  the  disruption. 

Fig.  2，  a,  h,  r,  d ,  show  step  by  step  the  mechanical  effect  of 
the  carbon.  It  is  almost  certain  that  that  element  was  con- 
tinually deposited  along  the  line  of  cinder,  and  behaved  just 
as  if  it  were  the  point  of  a  planing  tool.  The  iron  itself  was 
not  caiburised,  as  was  proved  by  an  analysis  wliich  gave  only 
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parts  which  had  been  cold  distorted  at  the  screwed  portions 
beyond  the  terminations  of  the  caps. 

Fig.  3  represents  a  section  through  the  wrouglit-iron  case 
and  upper  tube  and  the  parts  marked  A  where  carbon  liacl 
deposited.  A  most  remarkable  circumstance  was  noted  about 
the  places  at  A.  Parts  of  the  screw-threads  had  been  removed 
by  the  disruptive  effect  of  the  carbon  from  the  gases. 
Originally  the  threads  were  continuous  to  the  end  B,  but  after 
two  years  only  the  black  deposit  remained,  together  with 
particles  of  the  iron  which  had  been  disrupted.  A  slight 
coating  of  black  deposit  was  found  on  the  bars  of  manganese 
steel,  even  on  the  faces  that  had  been  polished.  There  was 
not  sufficient  of  the  powders  to  make  thorough  analyses,  but 
both  free  iron  and  magnetic  oxide  were  isolated. 

The  free  iron  was  determined  by  finding  the  amount  of 
copi)er，  given  weights  of  the  powders  precipitated,  and  from 
that  the  iron  was  calculated.  Each  of  t lie  powders  on  treating 
w  ith  dilute  sulphuric  acid  gave  off  hydrogen  gas.  The  residue, 
after  dissolving  out  the  free  iron,  contained  carbon  and  a 
black  substance  readily  attracted  by  a  magnet,  and  after  this 
was  separated  the  carbonaceous  residue  contained  non- magnetic 
oxides  equivalent  to  about  20  per  cent,  of  non-magnetic  oxide 
on  the  original  sample.  The  partial  analyses  were  as 
follows  ： — 


Inside  the 
case. 

Inside  the 
upper  tube. 

Per  cent. 
27.8 
10.9 

1.3 
•2.9 

Per  cent. 
72.  (iO 
7-00 

Iron  13.5(1 

0.25 
0.90 

Non-magnetic  oxide  

Manganese  oxide  

44.4 

21.4 

The'  quantity  of  powder  from  the  upper  tube  was  not 
sufficient  on  which  to  determine  the  amount  of  magnetic  and 
other  oxides.  The  larger  amount  of  manganese  in  the  deposit 
found  in  the  case  itself  suggests  that  a  portion  of  it  had  come 
from  the  surfaces  of  the  manganese  steel  bars. 

As  the  caps  were  screwed  tightly  on  to  the  ends  of  the 
case,  it  was  supposed  the  case  was  quite  gas-tight  ；  and  if  it 
was,  one  is  forced  to  the  tentative  conclusion  that  carbonic 
oxide  passed  through  the  solid  iron.  That  it  is  capable  of 
penetrating  iron  to  a  depth  of  about  ！ in.  at  600°  to  650。  C. 
has  been  proved  hy  previous  experiment,  but  that  it  should 
penetrate  right  through  the  iron  and  deposit  carbon  on  the 
inside  walls  of  the  iron  tubes  at  under  500°  C.，  if  true,  is  very 
remarkable,  and  further  trials  are  being  conducted  to  confirm 
or  negative  these  observations. 

The  explanation  offered  for  the  disruptive  action  on  the 
screwed  portion  of  the  tube  is  that,  in  the  act  of  making  the 
screw,  the  enclosed  cinder  layers  and  threads  were  crushed 
and  made  very  porous  to  gases,  and  the  CO  gas  penetrated 
and  burst  away  the  metal  above  the  cinder  layers. 

On  testing  the  black  deposits  for  carbon  by  colour,  only 
traces  were  found  in  the  deposit  from  tlie  upper  tube  and  0"21 
per  cent,  in  that  from  the  lower  tube,  but  a  portion  of  this 
】iiay  have  come  from  the  manganese  steels,  which  contained  up 
to  2  per  cent,  carbon.  Incidentally,  it  may  be  remarked  that 
at  liigh  temperatures  spongy  iron  reduced  from  iron  ore  is 
rapidly  carburised,  and  it  is  justifiable  to  believe  that  as  ore 
is  reduced  and  descends  down  the  shaft  of  a  blastfurnace  it 
becomes  highly  carburised  before  it  reaches  the  melting  zone, 
and  not,  as  is  usually  assumed,  that  it  remains  as  spongy  iron 
till  it  begins  to  melt.  It  is  more  than  probable  that  before 
the  reduced  iron  is  half-way  down  to  the  hearth  it  will  have 
combined  with  at  least  2  per  cent,  carbon. 

Ill  reviewing  the  result  of  the  observations  and  experiment 
given  in  this  note  it  would  appear  ：  (1)  That  even  hard  and 
refractory  iron  scale  and  the  magnetic  cinder  enclosed  in 
wrought  iron  are  capable  of  reacting  with  carbonic  oxide  at 
temperatures  ))etween  400'」  and  500。  C.  (2)  That  wrought  iron 
containiiiff  free  oxides  is  capable  of  being  partially  broken  up 
by  the  action  of  carbonic  oxide  gas  on  the  enclosed  oxides  or 
cinder.  (3)  That  under  the  conditions  nam ed  even  initially 
non-oxidised  steel  acts  on  carbonic  oxide  gas,  inducing  carbon 
to  be  deposited  on  the  surface. 


THE  USE  OF  POWDERED  COAL  IN  METALLURGICAL 
PROCESSES.* 

BY  C.  J.  GADD.| 

The  process  of  burning  powdered  coal  is  the  best  method  by 
which  to  obtain  perfect  chemical  combination  of  tlie  air  and 
coal,  and  by  which  the  highest  degree  of  perfection  in  combus- 
tion may  be  obtained  if  properly  applied.  There  is  no  other 
fuel  so  responsive  to  correct  application.  The  greatest  pre- 
cision is  required  in  its  control,  and  it  may  be  said  that,  so  far 
as  the  art  of  burning  powdered  coal  has  been  developed,  it  is 
perhaps  in  too  great  a  measure  dependent  upon  the  human 
equation. 

Tiie  essential  features  necessary  for  success  in  the  use  of 
this  fuel  for  metalhirgiral  furnaces  are :  (1)  That  the  coal 
should  have  a  high  volatile  content ― low  in  ash.  (2)  Tliat, 
after  pulverising,  the  moisture  in  the  fuel  should  not  exceed 
three-fourths  of  1  per  cent.  (3)  That  it  be  pulverised  so  that 
at  least  95  per  cent,  will  pass  through  a  lOO-mesh  sieve  and 
over  83  per  qent.  through  a  200  mesh.  (4)  That  the  delivery 
of  the  coal  to  the  furnace  be  uniformly  controlled,  regardless 
of  tlie  quantity  required.  (5)  That  it  be  delivered  to  the 
furnace  in  a  tlioroughly  atomised  state,  and  that  combustion 
be  completed  while  the  coal  is  in  suspension.  (6)  That  in  the 
application  of  this  fuel  the  personal  eqaation  be  eliminated 
as  far  as  possible. 

The  use  of  powdered  coal  as  a  fuel  necessitates  the  installa- 
tion of  an  efficient  crushing,  drying,  pulverising,  conveying, 
and  distributing  equipment,  and,  in  addition,  ample  storage 
I'oom  for  coarse  coal.  Fig.  1  shows  a  plan,  side  elevation  in 
part  section,  and  four  cross-sections  of  a  coarse  coal  storage, 
drying,  pulverising,  and  conveying  equipment.  The  incoming 
coal  is  brought  up  an  inclined  plane  to  the  elevated  trestle  and 
discharged  from  cars  of  the  bottom-dump  type  into  the  track 
hopper.  A  pusher  feed  located  on  the  bottom  of  the  track 
hopper  controls  the  flow  of  coal  to  the  crusher,  the  crushed  coal 
falling  by  gravity  on  to  belt  conveyor  A,  which  discharges 
into  the  shoe  of  elevator  B,  Belt  conveyor  A  is  fitted  with  a 
Merrick  weightometer,  which  affords  an  accurate  check  on  the 
tonnage  received.  The  nature  of  the  coal  received  determines 
the  operation  of  the  crushing  rolls.  In  the  case  of  slack  coal, 
the  crusher  rolls  are  set  apart  and  tlie  coal  falls  by  gravity 
from  the  pusher  feed  through  the  crusher  to  the  belt  con- 
veyor A. 

The  discharge  from  elevator  B  is  so  arranged  that  it  can 
either  be  spouted  direct  to  conveyor  J，  which  feeds  the  coal 
storage  bin  over  the  dryer,  or  to  the  revolving  screen.  All 
coal  placed  in  storage  is  spouted  from  elevator  B  to  the  revolv- 
ing screen,  which  sizes  it  to  cubes  of  lin.  and  under,  the  finer 
coal  dropping  into  the  hopper  below  the  screen,  thence  on  to 
flight  conveyor  C，  which  distributes  the  coal  in  the  storage. 
The  coarser  coal  is  discharged  from  the  screen  to  the  cross 
flight  conveyor  D，  thence  on  to  the  flight  conveyor  E,  from 
which  point  it  is  spouted  to  cars  for  use  elsewhere.  Under  the 
storage  pile  two  concrete  reclaiming  tunnels  are  provided,  eacli 
equipped  with  a  flight  conveyor.  Chutes  equipped  with 
tunnel  gates  are  spaced  at  proper  intervals  on  each  side  of 
these  tunnels,  througli  which  the  coal  from  the  storage  pile 
travels  by  gravity  on  to  the  flight  conveyor  F  or  G,  and  dis- 
charges into  the  reversible  flight  conveyor  H，  which  in  turn 
discharges  into  elevator  B,  from  which  point  it  is  elevated  and 
spouted  to  conveyor  J，  distributing  the  fuel  in  tlie  storage  bin 
over  the  dryer. 

A  suitable  feeding  mechanism  is  located  in  the  bottom  of 
the  coal  storage  bin  over  the  dryer,  which  feeds  the  coal  at  a 
uniform  rate  into  the  upper  end  of  a  rotary  dryer.  The  coal 
passes  through  the  dryer,  which  removes  the  moisture,  and  is 
then  discharged  into  the  dust-proof  screw  conveyor  K，  thence 
into  the  dust-proof  elevator  L,  thence  to  the  dust-proof  screw 
c^onveyor  M，  which  distributes  the  dried  coal  into  the  dust- 
pioof  storage  bin  over  tlie  pulverisers.  From  the  dust-proof 
dried- coal  storage  bin  the  coal  travels  by  gravity  to  the  feeding 
niec'liaiiisni  on  the  pulverising  mills.  Tlie  powdered  coal  is 
discharged  from  tlie  pulverisers  into  the  dust-proof  screw  con- 
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veyor  N,  i'vom  which  point  it  is  convoyt>cl  to  II lo  woigliiug 
machine,  wliicli  automatically  registers  tlie  weight  of  fuel 
pulverised.  A  hv-pass  roniiectiiig  oonvoyors  N  ant]  P  pro- 
vides a  ri"  m",  for  the  \veigl、iiig  niacliine  and  adjustments, 
and  repairs  can  be  made  to  this  unit  without  shutting  clown 
the  sysiein.    The  weighing  machine  discharges  into  the  dust- 
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proof  screw  conveyor  P  connecting  with  the  distributing 
system. 

Fig.  2  sliows  a  plan  and  elevation  of  a  powdered -coal  dis- 
tributing system.  This  equipment  furnishes  powdered  coal  to 
four  50-ton  open- heartli  furnaces  and  five  double  soaking  pits. 
The  dust-proof  screw  conveyor  P  carries  the  coal  to  the  dust- 
proof  elevator  Q,  which  discharges  into  the  dust-proof  screw- 
conveyors  R  and  T.  The  powdered  coal  in  conveyor  R  travels 
in  tlie  direction  as  indicated  by  the  arrow  and  feeds  the  coal 
storage  bins  located  at  furnaces  Nos.  3  ami  4.  Any  coal  left 
in  this  conveyor  after  passing  the  coal  storage  bin  at  furnace 
No.  4  is  discharged  at  the  end  of  the  line  into  the  dust-proof 
screw  conveyor  S  below,  which  returns  the  surplus  coal  to  the 
spout  X,  and  thence  by  gravity  to  the  shoe  of  elevator  Q. 
With  this  arrangement  there  is  little  possibility  of  the  con- 
veying system  being  choked  through  careless  operation.  The 
powdered  coal  fed  to  conveyor  T  travels  in  the  direction  as 
indicated  by  the  arrow  and  feeds  the  coal  storage  bins  located 
at  furnaces  Nos.  2  and  1.  The  storage  bin  at  the  end  of  the 
line  into  wliicli  tliis  conveyor  discharges  eliminates  the  possi- 
bility of  stalling  the  conveyor.  In  addition  to  feeding  coal  to 
the  storage  bins  at  furnaces  Nos.  2  and  1，  all  the  coal  used  by 
the  soaking  pits  is  conveyed  over  this  line.  The  dust-proof 
screw  conveyor  U  feeds  the  powdered  coal  to  the  five  storage 
bins  located  at  each  of  the  five  double  soaking  pits.  Each 
storage  bin  at  the  open-hearth  fun'— aces  and  soaking  pits  is 
equipped  with  an  automatic  weighing  macliine,  recording  the 
weight  of  coal  fed  to  each  furnace,  and  the  coal  from  these 
scales  is  distributed  in  the  storage  bins  by  the  dust-proof  screw 
conveyors  W. 

From  tlio  time  tlie  coal  leaves  the  dryer  to  its  delivery  in 
the  furnace  tlie  whole  system  between  these  points  should  be 
dust-proof  and  the  greatest  care  should  be  taken  to  prevent 
leakage.    This  should  be  guarded  against  systematically,  as 


leaks,  liowovor  small,  may  pcM-inil  。"，  smrm'mlmg  air  in  iho 
room  lo  become  impregnatftd  with  coal  dusl  to  siidi  an  "xtent 
tliat  a  serious  explosion  rn;iy  res  ill.  aficM*  pulverising, 

should  be  handled  in  hulk.  All  types  of  aerial  propulsion' 
iUKl  transfer  in  the  form  of  dust  clouds  should  he  avoided  for 
the  reason  that  accidental  i n i I. i o 1 1  may  at  any  time  wreck  Uie 
■  whole  system.      Screw   conveyors  and 

lm"b't  elevators  (\()111|)|)0(1  with  (lust- |》ro(,f 
('iisings  are  best  adapted  to  handling 
powdered  coal  in  bulk.  Screw  conveyors 
of  9in.  and  12in.  diam.  should  not 
(exceed  250ft.  and  300ft.  respectively,  if 
Uie  best  results  are  to  be  expected. 
Where  transmission  lines  of  greater 
length  are  necessary  they  should  be 
divided. 

The  storage  of  powdered  coal  in 
large  or  small  quantities  for  any  length 
of  time  is  not  advisable,  owing  to  its 
tendency  to  fire,  collect  moisture,  and 
pack.  Powdered  coal  in  storage,  con- 
taining about  three-quarters  of  1  per 
cent,  moisture  and  1  per  cent,  sulpluu', 
will  invariably  fire  within  six  days.  If 
the  moisture  be  increased  to  over  1  per 
cent,  and  the  sulphur  to  4  or  5  per 
cent.,  spontaneous  combustion  may 
occur  within  24  hours.  Probably  the 
temperature  at  which  powdered  coal  is 
delivered  to  the  storage  bin,  and  the 
sulphur  content  of  the  coal,  influence 
the  rate  of  spontaneous  combustion 
rather  than  moisture.  Owing  to  the 
hygroscopic  nature  of  dried  powdered 
coal,  long  storage  is  not  desirable. 

In  its  normal  state  powdered  coal  is 
light  and  fluffy  ；  after  48  hours'  stand- 
ing in  storage,  however,  the  physical 
arrangement  of  the  particles  produces  a 
dense  packed  mass.  So  dense  does  the 
fuel  become  that  one's  fingers  cannot 
make  an  impression  even  Jin.  deep.  To 
meet  ideal  conditions,  powdered  coal 
should  be  kept  in  motion.  With  properly  designed  machinery 
and  storage  bins,  having  12  hours'  supply  placed  at  each  fur- 
nace, the  coal  may  be  kept  in  niotign  and  repairs  and  adjust- 
ments made  before  the  supply  becomes  exhausted. 

F lU'l, —— Low-grade  bituminous  coals,  anthracite,  lignites, 
and  even  coke  breeze  in  a  powdered  form,  can  be  burned  with 
good  results,  certain  types  of  heating  furnaces  now  being 
operated  with  such  fuels.  It  should  be  understood  that  the 
first  cost  of  fuel  used  is  not  the  correct  index  by  which  to 
judge  of  economy  when  fuel  must  be  prepared  and  ])ulverised. 
Low-grade  bituminous  coals,  being  high  in  iion-coiiibustible 
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content,  occasion  an  inordinately  high  ])ulverisatioii  cost,  as 
compared  to  liigh-gi'ade  bituininous  coals.  Equally,  anthra- 
cite coals  of  liigliesl  first  cost  not  only  add  to  the  pulverisation 
cost  on  account  of  their  hardness,  but,  although  having  little 
non-combustible  content,  their  economy  in  actual  use  is  not  to 
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be  compared  to  that  of  the  best  bituminous  coals,  because  of 
their  high  fixed  carbon  content,  resulting  in  much  slower 
ignition. 

One  of  the  disturbing  factors  in  the  use  of  powdered  coal 
is  that  of  the  large  accumulations  of  ash  deposited  within  the 
furnace,  only  a  small  proportion  escaping  through  the  stack. 
When  using  even  a  good  grade  of  coal,  ash  will  accumulate 


Fig.  3. 

rapidly,  and  therefore  fuel  of  low  ash  content  is  always  most 
to  be  desired. 

In  obtaining  the  best  economy  in  any  particular  case  there 
must  be  a  blending  of  plant  location  with  the  prices  of  avail- 
able fuels  of  varied  grades  and  of  the  results  of  tests  conducted 
under  operation.  Slack  coal  is  preferable  to  other  forms :  it 
costs  less,  requires  less  power  for  pulverising,  owing  to  its  fine 
state,  and  materially  increases  the  capacity  of  the  pulveriser. 
While  the  presence  of  sulphur  in  small  quantities  in  powdered 
coal  has  no  ill  effect  in  heating  and  annealing  furnaces,  it 
snould  be  given  careful  attention  when  used  in  the  reduction 
and  refining  of  metals  or  ores.  Generally  speaking,  therefore, 
the  fuel  available  for  burning  in  metallurgical  furnaces  has  a 
restricted  range  both  as  to  species  and  quality.  Only  the  best 
bituminous  coals,  high  in  volatile  content  and  low  in  both 
sulphur  and  ash,  are  desirable.  Coal  used  in  heating  and 
puddling  furnaces  should  closely  approximate  the  following 
analysis  : —— 
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three-fourths  of  1  per  cent.,  operating  troubles  result,  and 
these  become  intensified  the  liigher  the  percentage  of  moisture. 
Moist  coal  reduces  the  capacity  of  screen-type  pulverisers,  as 
moist  coal  will  clog  the  screens.  Also,  the  moisture  in  the  coal 
governs  in  a  large  measure  the  tendency  to  pack  and  to  arch 
in  the  storage  bins,  causing  an  intermittent  flow  of  coal  to  the 
feeding  device  and  the  consequent  loss  of  the  one  most  essential 
factor  ；  namely,  uniforni  feed  to  the  furnace. 

It  is  easier  to  dry  coal  to  h  per  cent,  moisture  or  less  than 
it  is  to  maintain  it  in  this  state.  This  is  explained  by  the 
fact  that  the  moisture  driven  off  from  the  coal  in  the  process  of 
drying  saturates  the  hot  air  contained  in  the  dryer  cylinder. 
In  this  highly  saturated  condition  the  air  follows  the  dried  coal 
through  the  dust-proof  conveying  system  to  the  enclosed 
storage  bin.  As  the  coal  and  air  cool,  moisture  is  precipitated 
and  the  volume  of  tiie  air  diminished,  with  the  result  that 
more  warm  saturated  air  is  drawn  from  the  dryer.  These  con- 
ditions, obviously,  meet  the  requirements  of  a  still  of  fair  pro- 
portion. 

The  precipitation  of  moisture  resulting  from  the  cooling 
process  of  the  coal  and  air  may  be  almost  entirely  overcome  by 
placing  ventilating  shafts  on  the  storage  bin  and  the  high 
points  of  the  conveying  system  connected  witli  the  outside  air. 
Each  shaft  should  be  equipped  with  a  ventilator  of  approved 
type,  and  proper  provision  should  be  made  to  collect  and 
deflect  any  condensation  in  the  ventilating  shafts,  so  as  to 
prevent  its  return.  It  is  thus  evident  that  in  the  process  of 
drying,  through  the  medium  of  heat,  a  small  quantity  of  the 
expelled  moisture  will  find  its  way  back  in  the  coal  after  cool- 
ing. For  this  reason  it  is  good  practice  to  gauge  the  dryer  so 
that  the  resultant  product  leaving  the  dryer  will  contain  less 
than  one-half  of  1  per  cent,  moisture. 

Fid veris'uuj, —- In  order  to  obtain  high  efficiency  of  com- 
bustion, powdered  coal  should  be  reduced  to  a  fineness  so  that 
95  per  cent,  will  pass  a  sieve  of  100  meshes  to  the  linear  inch 
and  so  that  83  per  ceut,  will  pass  a  sieve  of  200  meshes  to  the 
linear  inch.  Greater  degrees  of  fineness  will  undoubtedly  pro- 
duce liigher  efficiency  of  combustion. 

Macliiiieiy  for  pulverising  is  adapted  to  two  systems  of 
coal-dust  burning.  In  one  system  the  pulveriser  has  a  capacity 
sufficient  for  one  furnace  and  delivers  the  powdered  fuel 
directly  into  the  burner  without  intermediate  storage.  In  the 
other  system  tlie  pulverisers  liave  a  large  capacity,  and  one 
unit  will  pulverise  enough  coal  to  operate  several  furnaces,  the 
distributing  system  being  so  arranged  that  the  powdered  coal 
is  conveyed  to  storage  bins,  preferably  near  the  furnaces. 
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In  open-hearth  furnaces  a  still  better 
grade  is  desirable,  a  suitable  analysis 
being  as  follows  : ― 

Volatile  matter...  Not  under 

Fixed  carbon   Not  under 

Moisture   Not  over 

Ash    Not  over 

Sulphur    Not  over 


36-00 
52-00 
1-25 
6  00 
100 


Drying . 一 The  dryer  generally  used  for 
the  j)urpo.se  of  preparing  coal  before  pul- 
verising is  of  the  revolving  cylirulvT  type, 

provided  with  an  external  furnace,  usually  equipped  with  an 
automatic  stoking  device.  The  fuel  consumptioii  of  the  dryer 
will  vary  according  to  the  amount  of  moisture  to  be  removed. 
In  drying  coal  containing  about  1^  per  cent,  moisture,  to  be 
dried  to  one-half  of  1  per  cent,  or  less,  the  fuel  consumption 
siiould  not  exceed  261bs  per  ton.  The  power  consumption  for 
operating  the  ccmiplete  drying  unit,  which  includes  tlie  power 
consumed  by  the  coal -feeding  niechanisrii,  the  dust  fan,  the 
stoking  device,  and  in  revol viiij^  the  dryer  rylituler  for  a  lO-toii 
capacity  dryer,  figures  about  1 丄>  kw.-lionrs  per  ton  of  chied  coal. 

In  the  operation  of  the  dryer  care  should  be  taken  to  avoid 
overheating,  in  orJer  not  to  fire  tlie  coal  or  to  drive  off  part  of 
the  volatile  content.      If  tlie  moisture  is  allowed  to  exceed 


Pig.  4. 

Tliere  are  a  miniber  of  designs  of  pulverising  iiiacbines  of 
merit  on  the  market,  but  only  one  will  be  briefly  described  in 
this  paper.  One  of  the  pulverisers  largely  used  is  the  Fuller- 
Leliigh  mill.  The  material  to  be  reduced  is  fed  to  the  feeder 
hopper  of  the  mill  from  an  overhead  bin  by  gravity.  The 
feeder  is  mounted  on  top  of  the  mill  and  has  a  range  of  three 
speeds  ；  in  addition,  the  feeder  hopper  is  provided  with  a  slide, 
wliicli  permit's  the  operator  to  increase  or  decrease  the  aiitouiit 
of  material  oiiteritig. 

Tiio  pulverising  ]iiechanis!n  consists  of  four  uiiaitached 
steel  halls,  whicli  are  propelled  around  the  grinding  ring  by 
means  |)usli(、rs  attached  to  the  mill  shaft.  Above  the 
grinding  ring  and  Lhe  balls  is  a  fan  liaving  two  rows  of  blades, 
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om、  above  t lio  other.  Tlio  lower  set  of  fan  hlados  lifts  the 
finisluHl  pmlm't,  from  ilic  pulverising  zono  into  tJic  cliiunber 
above  the  gi'iudiiig  riiii^^,  where  it  is  held  in  suspension  by 
moans  o t'  t  ho  fiiii  act  ion  of  Mie  upper  row  of  blades  until  it  is 
(loatetl  out  tlmmgh  the  screen,  which  completely  encircles  the 
sr)>Jiratiiig  cli amber.  Tlie  finished  product  is  discharged 
through  a  spout  which  may  ho  placed  at  any  one  of  i'oui- 
(|Uai tors  of  t lie  mill.  All  nuitorial  disrluirgod  from  the  mill 
is  Iinislird  produrt  uiul  requires  no  subsequent  s(、reenint^. 
These  iiuicliinos  are  oiuinoiitly  suited  for  the  prodm'lioii  of 
finolv-groiuul  material.  Tliev  have  a  hii^^li  niechaniciil  cflici- 
tmcy  aiul  are  econmnit'al  in  cost  of  installation,  oporation,  and 
iDaijitonance. 

Ill  the  process  of  pulverising,  a  large  part  of  the  heat 
generated  is  absorbed  by  the  coal  and  contained  air.  The 
temperature  which  they  attain  is  high  enough  to  expel  part  of 
the  moisture  in  the  coal,  while  the  air  is  of  a  sufiioieiitly  liigh 
temperature  to  establish  satis- 
factory saturation.  The  coal 
and  air  cool  off  in  their  course 
through  the  dust-proof  distri- 
buting system  to  the  enclosed 
storage  bins,  and  a  similar  con- 
dition exists  as  in  the  case  of 
dried  coal,  as  heretofore  re- 
ferred to.  Similar  attention 
must  be  given  to  ventilation  ； 
otherwise  it  would  be  a  common 
occurrence  to  find  water  drip- 
ping from  the  bottom  of  storage 
bins  10  or  12  liou rs  after  filling. 
The  pulverisers,  after  being 
shut  down,  sweat  in  cooling, 
and  proper  ventilation  is  the 
only  preventive. 

The  power  consumption  of 
the  pulveriser  will  vary  accord- 
ing to  quantity  of  output  and 
degree  of  fineness  of  the  finished 
product.  Pulverising  mills  of 
the  type  described,  having  a 
capacity  of  about  4^  tons  per 
liour,  pulverising  to  a  fineness 
so  that  95  per  cent,  will  pass 
through  a  lOO-mesh  sieve  and 
83  per  cent,  through  a  200- 
mesh  sieve,  will  consume  about 
10"5  kw.  per  hour  per  ton  of  product.  In  a  plant  having  an 
average  output  of  200  tons  of  powdered  coal  per  day  the  cost  is 
as  follows : —— 

IVr  gross  ton  of 
coal  produced. 

Fuel  for  dryer    ijfO-OSO 

Repairs,  buildings,  machinery,  and  equipment  "200 

Labour   '150 

Power  and  light    *215 

Supplies    "005 


roferriii^r  io  the  soclioiial  elevation  it  will  l>e  noted  that  from 
Uic  Hopper  ilie  horizontal  conveyor  ncrew  (iclivers  a  stream  of 
coal  in  the  direction  of  the  arrow  mark,  wliicji  falls  as  a  con- 
tinuous sliower  past  the  air-blast  poi'tw,  and  is  picked  up  hy  a 
cross-stream  of  air,  which  delivers  the  mixture  Uirough  the 
coal-delivery  pipe  to  the  burner.  Tlio  quantity  of  fuel 
delivered  by  the  conveyor  screw  is  let^ulated  by  varying  the 
«pectl  of  rotation,  which  in  this  case  is  obtained  iliVou^li  a 
direct-coiuiet'ted  variable- speed  motor.  Tlie  arriomit  ol  fuel 
taken  up  by  the  cross-rurreiit  of  air  will  vary  witli  the  pressure 
of  the  air  blast,  whicli  is  controlled  by  a  suitable  valve  placed 
in  the  blast  line.  Any  excess  fuel  escaping  the  feeding  action 
of  the  air  blast  is  automatically  returned  io  the  hopper  by  the 
lower  inclined  conveyor  screw.  The  coal-delivery  pipe  dis- 
charges its  mixture  into  tlie  burner,  the  low-pressure  inlet  pipe 
furnishing  the  necessary  additional  air  for  combustion,  and  the 
resultant  niixture  is  discharged  into  the  furnace. 


.^0-600 

The  above  figures  include  all  costs,  from  the  receipt  of  the 
coal  in  the  cars  to  its  delivery  in  a  powdered  state  in  the 
fuj-iiaco.  No  allowance  has  been  made  for  overhead  and 
depreciation.  Shrinkage  in  the  coal  becomes  a  prominent 
factor,  and  must  not  be  lost  sight  of.  It  may  vary  from 
1501bs.  to  2701bs.  per  gross  ton. 

Feeders  and .  Hurncni. 一 Powdered -coal  feeders  are  of  two 
kinds —— one  type  consisting  of  a  mechanically -operated  screw 
or  flight  conveyor  having  a  variable  feed,  the  other  type  con- 
sistiiit^  of  a  siphon,  through  which  the  fuel  is  fed  by  the 
medium  of  compressed  air,  the  feed  being  regulated  by  the  air 
pressure.  Burners  for  powdered  fuel  are  operated  iiiuler 
citlier  low  or  bigli  pressure.  Low- pressure  burners  are  used 
witli  ail  air  blast  varying  fro  in  2  ozs.  to  8  ozs.  High-pressure 
burners  are  used  with  compressed  air  varying  from  401bs.  to 
lOOlbs.  pressure. 

Fig.  3  illustrates  a  sectional  elevation  of  a  meclianically- 
operated  low-pressure  feeding  apparatus  for  coal  dust,  also  a 
so (； iional  view  of  the  feeder  taken  across  the  air-blast  ports, 
^howiii^  the  method  of  its  connection  with  tlie  burner.  By 


Fig.  4  shows  a  sectional  elevation  of  a  mechanically- 
operated  low-pressure  powdered-coal  feeding  apparatus,  also 
a  sectional  view  of  the  feeder  taken  across  the  air-blast  ports, 
showing  the  method  of  its  connection  with  the  burner.  By 
reference  to  the  sectional  elevation  it  will  be  noted  th at  in 
this  device  an  endless  flight  conveyor  chain  is  used  for  feeding 
a  stream  of  powdered  coal  in  a  continuous  shower  across  the 
air- blast  ports,  and  the  excess  fuel  escaping  the  feeding  action 
of  the  cross- current  is  automatically  returned  to  the  hopper 
by  the  endless  flight  conveyor  chain.  Variable  fuel  feed  is 
obtained  through  a  direct-connected  variable-speed  motor,  and 
the  amount  of  fuel  taken  up  by  the  cross-current  of  air  will 
vary  with  the  pressure  of  the  air  blast.  The  air-blast  inlet 
nozzle  connecting  with  one  side  of  the  feeder  case  is  reduced, 
the  outlet  side  being  flared,  beyond  which  is  a  Venturi  tube 
used  to  induce  higher  velocity  of  the  mixture  leaving  the 
feeder,  thereby  causing  a  slight  vacuum  or  pull  througliout 
the  case,  the  mixture  continuing  through  the  coal-delivery 
pipe  to  the  burner.  The  cone  extension  on  the  hood  of  the 
burner  enters  the  flared  end  of  the  coal-delivery  pipe,  breaking 
the  solid  sliaft  of  coal  and  air  and  deflecting  it  around  the 
inner  periphery  of  the  burner  pipe.  The  mixture  takes  the 
form  of  a  hollow  ring,  in  the  centre  of  which  an  auxiliary  blast 
is  discharged,  giving  a  very  thorough  atoniisatiou  of  the 
particles  as  they  enter  the  furnace. 

Figs.  3  and  4  serve  to  illustrate  two  forms  of  low-pressure 
mechanical  feeders  and  burners  in  commercial  use,  modifica- 
tions of  which  are  also  in  successful  operation,  all  involving 
the  same  general  principle  ；  namely,  a  mechanism  which  will 
give  a  uniform  and  properly  proportioned  mixture  of  coa】  and 
air,  both  under  variable  control,  feeding  the  resultant  mixture 


260 


THE    MECHANICAL  ENGINEER. 


[October  6，  1916 


in  a  thoroughly  atomised  state  into  the  furnace.  Feeders  and 
burners  of  this  type  are  used  almost  exclusively  on  tlie  many 
forms  of  heating  furnaces  in  the  metallurgical  arts.  This 
method  of  burning  powdered  coal  with  low  velocity  of  both 
air  and  coal  produces  a  short  flame,  as  the  fuel  combusts 
almost  the  instant  it  leaves  the  burner,  and  the  heat  thus  pro- 
duced is  conveyed  by  the  gases  from  the  initial  point  of  firing 
with  less  cutting  action  upon  the  material  being  heated  and 
oil  the  brickwork. 

Powdered  coal  will  flush,  and  when  once  started  will  run 
like  water.  Screw  feeding  devices  should,  therefore,  be  made 
very  long  and  of  a  reasonably  fine  pitch  in  order  to  set  up 
enough  friction  and  baffling  action  to  prevent  the  coal  froMi 
flushing  through  the  feeding  mechanism  and  causing  irregular 
feed.  In  the  case  of  the  feeding  mechanism  shown  in  Fig.  3， 
long  screws  would  make  a  cumbersome  and  expensive  device, 
and  efficiency  has  been  sacrificed  in  this  form  of  feeder  for  the 
sake  of  compactness  and  cost,  as  feeders  of  this  design  in  use  at 
])resent  will  invariably  flood.  They  have  another  very  objec- 
tionable feature  ;  namely,  if  the  air  blast  is  not  turned  on  and 
the  feeder  started  up,  the  screws  will  jam  so  hard  that  the 
Ttiotor  is  stalled.  The  arrangement  of  the  inlet  and  outlet 
blast  through  the  feeder  case  sets  up  a  pressure  in  the  feeder, 
the  result  being  that  it  not  only  tends  to  arch  the  coal  in  the 
bin,  but  it  blows  the  coal  out  of  the  bin  or  the  feeder  case, 
wherever  a  leak  may  occur.  In  addition,  under  normal  run- 
ning it  consumes  considerable  power  to  operate. 

In  Fig.  4  the  vertical  flights  aud  the  conveyor  chain  have  a 
baffling  action  which  prevents  flooding.  Under  operating  con- 
ditions it  has  been  proved  that  the  coal  will  not  pack  in  the 
feeder  should  the  air  blast  be  cut  off.  The  air-blast  nozzle 
and  Venturi  tube,  producing  a  suction  through  the  case,  have 
a  tendency  to  prevent  arching  in  the  hopper,  thus  giving  a 
more  reliable  and  uniform  feed.  In  addition,  this  suction  pre- 
vents leakages,  as  there  is  always  an  inward  pull  on  the  case. 
This  type  of  feeder  takes  one-tenth  of  the  power  to  operate  it 
as  compared  with  the  same  capacity  of  screw  feeding  device 
shown  in  Fig.  3. 

Fig.  5  shows  a  sectional  elevation  of  a  mechanically- 
operated  high-pressure  powdered-coal  feeding  apparatus.  By 
reference  to  the  drawing  it  will  be  noted  that  in  this  device  a 
long  screw  of  fine  pitch  conveys  the  coal  from  the  hopper  and 
discharges  a  uniform  stream  of  powdered  fuel  into  the  coal 
pipe.  This  stream  falls  by  gravity  down  the  coal  pipe  and  is 
picked  up  by  a  cross-jet  of  compressed  air  as  it  enters  the 
burner.  The  expansion  of  the  compressed  air  in  the  larger 
diameter  of  the  burner  thoroughly  mixes  the  coal  and  air,  and 
this  mixture  is  injected  from  the  burner  into  the  furnace  at 
hicrh  velocity  by  the  compressed-air  jet  at  the  end  of  the  nozzle. 
By  varying  the  speed  of  rotation  of  the  conveyor  screw  vari- 
able fuel  feed  is  obtained. 

Fig.  6  illustrates  a  sectional  elevation  of  a  mechanically- 
operated  high-pressure  feeding  apparatus  for  powdered  coal, 
which  is  similar  in  every  respect  to  that  shown  on  Fig.  5， 
excepting  that  low-pressure  air  of  lib.  pressure  is  used  to  pick 
up  the  stream  of  coal  delivered  to  the  burner  by  the  feeding 
device. 

Fig.  7  illustrates  a  siphon-type  feeder  and  burner.  By 
reference  to  the  drawing  it  will  be  noted  that  the  coal  is 
siphoned  from  the  hopper  into  the  burner  and  discharged  at 
liigli  pressure  into  the  furnace. 

Fig.  8  illustrates  another  form  of  siphon-type  feeder  and 
burner.  By  reference  to  the  drawing  it  will  be  noted  that  a 
siplion  is  placed  in  the  coal  hopper,  discharging  a  mixture  of 
coal  and  air  into  the  burner,  and  the  siphon  in  the  nozzle  of 
the  burner  discharges  tlie  mixture  at  high  velocity  into  the 
f  urn  ace. 

Feeders  and  burners  of  the  liigli-pressure  type  produce  a  long 
flame  tlirough  progressive  combustion,  and  can  be  used  only 
where  the  form  of  the  furnace  and  the  character  of  the  work 
demand  that  an  elongated  cutting  flanie  be  developed  in  close 
proximity  to  the  work  done.  This  method  of  application  is 
adapted  to  open -hearth  furnace  practice,  and  ore  iiodulising. 
Til  the  type  of  feeders  and  burners  described  it  is  interesting  to 
note  that  the  results  obtained  in  the  combustion  of  the  fuel 
are  equally  good,  whether  the  powdered  coal  is  injected  into 
the  furnace  from  tlie  burner  at  a  velocity  of  1,500ft.  per 
minute  or  of  25,0()()ft.  j)er  minute. 

( To  /〃  ronl'iti  tied . ) 


THE  INTERNATIONAL  SYSTEM  OF  ELECTRIC  AND 
MAGNETIC  UNITS.* 

BY  J.  H.  DELLINGEH. 

Two  electric  units,  the  international  ohm  and  ampere,  have 
been  defined  in  terms  of  definite  standards  by  international 
congresses.  These  standards  are  maintained  by  the  national 
standardising  laboratories,  and  are  the  basis  of  all  electrical 
measurements.  The  units  of  the  various  electric  and  magnetic 
quantities  are  derived  in  practice  from  these  fundamental 
units  by  the  ordinary  equations  of  electrical  theory.  Thus  a 
complete  and  distinct  system  of  electric  and  magnetic  units  is 
in  use,  based  on  the  international  ohm  and  ampere,  the  centi- 
metre, and  the  second.  While  these  international  units  differ 
in  their  derivation  from  the  electrostatic  and  electromagnetic 
units,  they  nevertheless  represent  very  closely  the  theoretical 
electromagnetic  units.  The  very  slight  differences  in  magni- 
tude between  the  international  and  the  corresponding  electro- 
magnetic units  are  determined  by  absolute  measurements 
made  from  time  to  time.  The  electromagnetic  units  are  of 
much  less  practical  interest  than  the  international  units. 

One  of  the  reasons  why  the  international  system  is  the 
most  convenient  and  the  most  used  electrical  system  is  because 
it  is  centred  around  the  phenomena  of  electric  current.  Elec- 
tric current  is  more  familiar  and  of  vastly  greater  practical 
importance  than  electrostatic  charges  or  magnetic  poles,  upon 
wliicli  the  other  two  familiar  systems  are  based.  In  the  inter- 
national system  the  magnetic  pole  is  given  a  subordinate  posi- 
tion. Since  a  free  magnetic  pole  does  not  exist  in  Nature  and 
magnetic  pole  strength  does  not  appear  in  engineering 
formulae,  its  prominence  in  the  electromagnetic  system  has  not 
been  an  advantage  of  that  system.  Another  fortunate  aspect 
of  the  international  system  is  the  convenience  of  its  dimen- 
sional expressions.  They  are  very  simple,  and  directly  suggest 
the  ordinary  relations  of  electrical  theory  and  practice.  They 
are,  in  fact,  as  helpful  in  electricity  as  the  usual  dimensional 
expressions  in  length,  mass,  and  time  are  in  the  domain  of 
mechanics.  The  international  electrical  system  is  valuable 
only  in  electricity  and  magnetism,  having  no  utility  in 
mechanics  or  other  parts  of  physics.  It  gives  dimensions  as 
awkward  for  the  quantities  of  mechanics  as  the  electromagnetic 
system  gives  for  electrical  quantities,  and  is,  therefore,  not  of 
such  general  application  as  the  systems  in  which  length,  mass, 
and  time  are  fundamental. 

The  international  system  furnishes  no  justification  for  the 
use  of  the  word  "  gauss  "  as  the  name  for  both  the  unit  of 
induction  and  the  unit  of  inagnetisiag  force.  This  double 
usage  is  an  inconvenience  in  practice. 

New  systems  of  electric  and  magnetic  units  have  been  pro- 
posed from  time  to  time,  and  some  of  these  are  now  used  to  a 
limited  extent  in  certain  books  and  publications.  They  all 
involve  the  definition  of  new  units  of  certain  quantities  in  such 
a  way  as  to  redistribute  the  factor  An  in  the  equations.  An 
attempt  to  redistribute  the  Att'^  in  an  advantageous  manner 
has  been  called  "  rationalisation  "  in  tlie  literature  of  the 
subject.  A  careful  study  has  been  made  to  determine  whether 
the  advantages  of  these  proposed  systems  are  such  as  to  justify 
the  trouble  and  confusion  incident  to  a  general  change  of 
units.  No  such  advantage  has  been  found.  Of  course,  no 
system  eliminates  the  An  entirely.  All  of  the  proposals  except 
Heaviside's  involve  changing  the  unit  of  permeability  by  a 
multiple  of  Att.  While  Heaviside's  system  leaves  permeability 
unchanged,  it  makes  a  drastic  change  in  practically  every  other 
unit. 

A  strong  reason  against  a  general  change  of  units  for  the 
purpose  of  rationalisation  is  tlie  fact  that  a  rationalised  system 
is  obtained  merely  by  using  the  atnpere-turn  as  the  unit  of 
magneto-motive  force.  Upon  writing  the  equations  necessary 
to  make  this  widely  used  unit  fit  in  with  tlie  other  units,  the 
system  is  found  to  be  as  good  as,  or  actually  superior  to,  the 
various  proposed  systems  in  every  respect.  It  is  interesting 
that  the  units  which  have  undergone  the  evolution  of  actual 
use  are  not  wanting  in  academic  appropriateness. 

*  From  Scientific  Paper  No.  292，  issued  by  the  United  States  Bureau  of 
Standards. 
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DIE-CASTING  APPARATUS. 

The  ii(*coiu])unyint^^  stH't  ioiiui  view  shows  a  ('oiistnictioii  of  a|)|)a- 
rat us  for  oiial)liiig  ineUils  such  as  ahuniiiiuni  t'o  be  die-oast,  the 
invention  of  i\lr.  II.  11.  Wardle,  Reliance  Foundry,  Trafalt^ar 
Street,  Coventry.  The  crucible  A  is  provided  with  a  lid  H 
which  forms  a  gas-tight,  joint  and  is  secured  by  bolts  so  as  to 
withstand  the  required  internal  })ressiire.  This  lid  is  pro- 
vided witii  a  itianhole  for  access  to  the  interior,  and  it  carries 
the  delivery  pipe  D  upon  which  are  supported  the  dies  E,  the 
upper  of  which  is  held  in  place  by  a  clamj)  F.  The  lid  is  also 
provided  with  a  water  supply  pipe  G.  For  delivering  and 
controlling  the  water  a  cup  J  is  utilised,  between  which  and 
the  crucible  is  a  cock  K  of  the  measuring  type.  The  cock  is 
formed  with  a  recess  L  whicli  fills  with  water  when  in  the  posi- 
tion illustrated.  When  the  cock  is  turned  into  anotlier  posi- 
tion a  small  (juaiitity  of  water  is  delivered  at  a  uniform  or 
variable  lale  to  the  interior  of  the  criunhle.    The  size  of  tlie 


Dte-casting  Apparatus. 


recess  L  is  known  and  it  may  be  adjusted  by  the  screw  M. 
The  delivery  pipe  D  is  centrally  arranged,  and  it  is  tapered  as 
shown  so  as  to  facilitate  the  return  of  the  unused  metal  from 
the  dies  after  casting.  By  tapering  the  delivery  pipe  D， 
should  the  metal  solidify  it  will  fall  back  into  the  crucible. 
It  will  be  noticed  that  the  dies  are  carried  on  the  lid  B  and 
therefore  there  is  no  external  pipe.  Where  an  external  pipe  is 
used  the  metal  is  apt  to  solidify  in  the  pipe  and  it  is  difficult 
to  remove.  The  lid  B  is  provided  with  a  safety  valve  N，  and 
also  if  necessary  with  a  pressure  release  valve. 


British  Foundrymen's  Association. ― The  opening  meeting  of 
the  session  of  tlie  Lancashire  branch  of  this  association  will  be 
held  on  Saturday,  October  7th,  in  the  School  of  Technology, 
Manchester,  at  4  p.m.,  when  an  address  entitled,  "  Problems 
Ahead,"  will  be  given  by  Mr.  H.  Sherbuni,  Warrington 
(branch  president).  A  general  discussion  upon  the  subject  of 
Cupola  Practice  "  will  follow. 

Mineral  Oil  Production  in  Texas  in  1915. ― H.M.  Consul  at 
Galveston  reports  that  in  1915  the  production  of  oil  in  Texas 
amounted  to  24,825,832  barrels,  as  compared  with  19,990,509 
barrels  in  1914，  an  increase  of  4,835,323  barrels.  The  output 
of  the  oil  wells  in  Texas  in  1915  lias  been  only  once  exceeded 
and  that  was  in  1905.  In  1915，  new  oilfields  were  developed 
at  Thrall  in  Williamson  County  and  in  Palo  Pinto  and 
Stephens  Counties  near  Shawn.  It  is  reported,  says  H.M. 
Consul,  that  more  prospecting  wells  are  being  drilled  in  the 
Coastal  Counties  of  Texas  than  ever  before,  and  that  there  is 
ample  room  with  good  indications  for  the  discovery  of  pools  of 
oil  as  prolific  as  any  that  have'  already  been  opened.  The 
contract  price  of  oil  is  double  the  price  paid  for  the  same 
quality  of  oil  about  a  year  ago,  when  most  of  the  free  oil  could 
be  bought  at  from  50  to  55  cents  per  barrel,  payment  in  instal- 
ments of  three,  six,  and  nine  months.  The  prices  in  January, 
1916,  averaged  from  90  cents  to  1  dollar  25  cents  per  barrel. 


SOME  PROPERTIES  OF  INGOTS.* 

HV  A.   \V.  AM)  If.   KUKA  IM.KY. 
(「,〃〃'/,〃/,,/  ft'"", 

Th  i  7'〃〃'/'  "I  ///'〃'/  .1/ tmhls,  1 1'  it  is  assumed  111  at.  a  taper 
uigot  mould  with  the  narrow  end  upwards  is  full  of  fluid  metal 
at  a  uniform  temperature  the  act  of  setting  may  be  represented 
by  a  series  of  equidistant  lines  drawn  on  a  longitudinal  section 
of  tlie  mould  parallel  to  its  inner  su r face,  as  iu  Fig.  6，  A,  each 
line  being  made  shorter  than  its  predecessor  to  account  for  the 
continuous  shrinkage.  The  point  at  whicli  a  pair  of  these  lines 
meet  within  the  mould  may  be  taken  as  indicating  that  in  the 
horizontal  plane  passing  through  it  the  metal  has  solidified 
completely.  The  cavity  above  the  point  of  intersection  is  a 
pipe  pure  and  simple,  and  may  be  distinguished  as  primary 
pipe.''  But  there  still  remains  a  triangle  marked  K，  which, 
according  to  our  assumption,  contains  fluid  metal  and  is 
hermetically  sealed.  This  fluid  in  due  course  will  also  shrink 
and  freeze  and  contract,  but  there  is  no  possibility  of  the 
cavities  thus  formed  being  fed,  and  there  is  formed  thus  a 
more  or  less  discontinuous  extension  of  tlie  pipe,  wliich  may  be 
called  "  secondary  pipe." 

On  representing  in  the  same  manner  the  freezing  of  metal 
cast  into  a  taper  mould  with  the  wide  end  up,  but  with  shorter 
steps  down  because  the  shrinking  fluid  is  falling  from  a  wider 
into  a  narrower  part,  we  arrive  at  Fig.  6,  B.  Here  also  the 
lines  intersect  and  represent  similarly,  that  the  material  lying 
below  the  point  of  intersection  has  become  solid.  There  is  also 
a  triangular  residue  of  fluid  metal,  but  in  this  latter  case  the 
triangle  is  inverted  and  the  metal  within  it  will  freeze  earliest 
at  the  lowest  point,  any  shrinkage  being  meanwhile  fed  from 
above,  and  leave  finally  a  hollow  shrinkage  cavity  in  the  axis 
and  at  the  upper  end  of  the  ingot.  It  is  not  possib]e  in  this 
kind  of  ingot  to  have  a  secondary  pipe. 

The  assumptions  on  wliich  Fig.  6  are  based  take  into 
account  neither  the  speed  at  wliich  an  ingot  is  cast  nor  the 
cooling  effect  of  the  air  on  it's  upper  surface.  Ingots  are  not 
made  by  filling  moulds  at  the  greatest  possible  speed,  or  when 
they  are,  the  ingots  are  inferior  ones.  It  may  take  anything 
from  one-half  to  fifteen  minutes  to  cast  an  ingot  (depending  on 
its  size,  the  kind  of  steel  from  which  it  is  made,  and  the 
temperature  of  the  molten  steel),  and  during  that  time  the 
lower  part  of  the  ingot  is  cooling  and  the  upper  part  of  the 
ingot  mould  gets  heated  before  the  fluid  steel  reaches  it. 

The  cooling  effect  of  the  air  forms  a  cover  of  froze  a  steel  of 
greater  or  less  thickness  over  the  top  end  of  the  pipe.  In  large 
ingots  the  thickness  of  this  cover  may  be  several  inches  ；  in 
small  ingots  it  may  not  persist  at  all  ；  but  in  either  case  the 
atmospheric  cooling  thickens  also  the  metal  about  the  upper 
part  of  the  pipe.  If，  however,  the  influence  of  these  variations 
be  added  to  tlie  hypothetical  case  represented  by  Fig.  6  it  will 
not  be  modified  out  of  all  recognition. 

Nothing  can  be  done  to  prevent  the  shrinking  of  fluid  steel 
as  it  passes  from  the  liquid  to  the  solid  state;  and  the  only 
means  of  providing  against  the  inconvenience  of  it  is  to 
arrange  for  fluid  metal  to  be  kept  at  a  higher  level  ready  and 
able  to  flow  into  what  otherwise  would  be  a  shrinkage  cavity. 
This  means  that  an  ingot  must  always  solidify  from  the  bottom 
upwards,  which  it  does  naturally  when  cast  into  a  taper  mould 
with  tlie  wide  end  up  ；  or  in  general  terms,  the  metal  in  any 
plane  must  solidify  earlier  than  the  metal  in  any  higher  plane 
if  shrinkage  cavities  are  to  be  avoided. 

A  fluid  ingot  cast  with  the  wide  end  up  shortens  less 
rapidly  than  one  cast  with  the  narrow  end  up,  and  it  is  there- 
fore more  likely  that  the  upper  crust  of  frozen  metal  will  resist 
the  pressure  of  tlie  atmosphere  when  the  fluid  underneath 
ceases  to  support  it.  This  to  some  not  very  great  extent  will 
lielp  to  keep  the  upper  and  interior  part  of  the  steel  fluid  ；  it 
is  more  valuable,  however,  because  it  may  prevent  oxidation  of 
the  interior  of  the  pipe  and  thus  facilitate  its  welding  when  it 
comes  later  to  be  rolled  or  forged.  In  one  case  the  pipe  may 
take  the  form  of  a  long  pointed  cavity  and  in  anotlier  a  short 
cavity  with  rounded  end.  Apart  from  the  relative  volumes 
of  material  thus  made  unsound,  and  likely  to  be  scrapped,  the 
former,  occurring  in  ingots  cast  with  the  narrow  end  up,  is 

*  Abstract  of  paper  read  at  the  autumn  ineoting  of  the  Iron  ami  Steel  Institute. 
September,  1916. 
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niore  likely  to  cause  ingots  to  clink  in  the  reheating  furnaces. 
These  are  all  points  of  minor  inipoitaiu'e  in  themselves,  but 
experience  shows  that  they  lead  sometimes  to  grave  conse- 
quences, and  it  is  therefore  woitli  while  to  note  that  in  these 
minor  I'esperts  the  soundness  and  reliability  of  the  ingot  is 
improved  by  casting  with  the  wide  end  up. 

The  disadvantage  of  a  shrinkage  cavity  whose  surface  lias 
been  oxidised  by  exposure  to  the  atmosphere  is  recognised  no 
matter  in  what  kind  of  steel  it  occurs  ；  but  it  is  widely  believed 
that  other  kinds  of  shrinkage  cavities  will  weld  up  without  the 
steel  being  any  the  worse.  Such  a  view  is  not  quite  in 
harmony  with  actual  experience,  and  it  in  ay  be  said  that  the 
question  is  not  and  cannot  be  quite  settled,  as  has  been 
inferred,  by  boring  holes  into  ingots  or  cogged  bars,  and  then, 
after  sealing  hermetically,  observing  their  behaviour  on 
forging. 

A  hole  made  with  a  drill  is  smooth  and  perfectly  clean. 
The  interior  of  an  luioxidised  shrinkage  cavity  is  uneven,  and 
its  walls  aie  often  lined  with  small  crystallites,  which  make 
sharp  angles  with  each  other  and  form  very  favourable  starting 
places  for  internal  clinks  when  the  ingot  is  reheated  too  rashly. 
On  the  surface  of  such  cavities  one  may  sometimes  find  a  fine 
coating  of  alumina  which  has  been  floated  there  on  the  decreas- 
ing mass  of  mother  liquor,  and  left  high  and  dry  as  the  last  of 
the  fluid  falls  to  a  lower  level.      It  appears  to  be  on  this 


Fig.  6.— Fill-  kzing  in  Tapek  Fig.  7.— Sections  of  "  Bottom 

Moulds.  and  **  Top  "  Cast  Ingots. 


account  that  blisters  raised  on  thin  sheets  during  hot  rolling 
are  occasionally  found  to  be  coated  on  their  inner  surfaces  by 
a  layer  of  alumina  of  a  pale  yellow  colour.  This  also  has 
something  to  do  with  the  lamination  of  saws  and  other  articles 
cither  during  stamping  or  in  the  subsequent  hardening 
operation. 

The  central  and  unoxidised  shrinkage  cavities  lying  in 
straight  sided  ingots  below  the  feeder  liead  were  at  one  time 
during  tiie  progress  of  setting  filled  with  liquid  steel  which  fed 
the  crystallites  of  purer  metal  growing  from  the  walls  of  the 
cavity.  But  whilst  the  fluid  metal  sank  downwards  the 
crystallites  ren:ained,  and  when  the  ingot  becomes  a  billet  or 
bar  that  part  of  it  formed  by  the  free-standing  crystallites  is 
purer,  i contains  less  carbon  and  other  segregating  elements 
than  t!:c  sui  rounding  material.  This  means,  of  course,  that 
so  Tie  part  of  the  bar  or  bars  will  have  a  soft  centre  and  cause 
disajjpointment  if  made  into  chisels  or  drills,  or  if  made  into 
amimtely  drilled  objects,  such  as  rifle  barrels.  This  kind  of 
defect  is  most  clearly  vijdble  to  the  naked  eye  in  the  fracture 
of  steels  containing  between  0*90  and  I'l  per  cent,  of  carbon, 
but  it  can  also  be  cktected  in  lower  and  higher  carbon  steels  by 
polishing  and  etching.  The  position  of  a  soft  centre  in  a  steel 
bar  is  the  same  as  that  of  a  hard  centre,  and  the  one  may  occur 
not  far  heliind  the  other. 

The  harder  the  steel  tiie  more  important  it  becomes  that 
the  ingot  should  be  free  from  these  axial  cavities,  and  that  not 
only  because  the  clanger  of  clinking  is  greater  and  the  chances 
of  weldint^  up  the  cavities  are  less,  but  because  the  harder 
material  at  forging  or  rolling  temperatures  is  less  ductile,  and 
under  distortion  the  cavities  may  actually  extend.  Tins 


observation  is  notably  verified  by  the  behaviour  of  liigli-speed 
steel,  and  on  that  account  ingots  of  high-speed  steel  ought 
always  to  be  cast  in  taper  moulds  with  the  wide  end  up  and 
fed  by  means  of  a  white  hot,  sleeve  or  dozzle.  The  neglect  of 
this  precaution  is  one  of  the  contributory  causes  to  which  the 
well-known  splitting  along  their  length  of  high-speed  steel 
tools  may  be  ascribed. 

The  inverted  taper  mould  is  not  generally  used  for  ingots 
whose  wider  end  is  less  than  4m.  across  ；  the  reason  being  that, 
with  the  usual  taper,  the  narrower  end  becomes  too  small  to  be 
struck  directly  by  the  molten  stream  without  fear  of  its  having 
previously  impinged  on  the  side  of  the  mould.  When  a 
stream  of  molten  steel  strikes  the  side  of  the  mould  the  ingots 
are  said  to  be  "  catched."  A  catched  ingot  is  regarded  as 
objectionable  because  it  scars  the  surface  of  the  ingot  and  may 
lead  either  to  a  lamination,  akin  to  a  lap，  or  a  roak  on  the 
surface  of  the  bar.  On  the  surface  of  very  hard  steel,  notably 
on  self-liard  steel  ingots,  a  ''  catch  ，，  may  lead  to  deep  trans- 
verse cracks  in  the  forged  bar. 

In  many  cases  part  of  the  fluid  steel  which  strikes  the  side 
of  the  ingot  mould  adheres  to  it,  and  is  not  only  solidified  but 
comparatively  cold  before  the  steel  rising  in  the  mould  reaches 
up  to  and  covers  it.  The  cold  strip  of  steel  then  adheres  and 
becomes  part  of  the  ingot,  and  may  be  regarded  as  an  inlaid 
strip  of  metal  whose  inner  surface  is  more  or  less  in  contact 
with  the  ingot.  The  strip,  however,  never  melts,  and  its 
temperature  does  not  become  equal  to  that  part  of  the  ingot  in 
which  it  lies.  As  therefore  the  ingot  shortens  in  length  by 
contraction,  the  strip,  unless  it  contracted  at  the  same  rate, 
which  owing  to  variation  in  temperature  it  does  not,  will 
locally  resist  the  ingot's  contraction,  and  small  cracks  in  the 
ingot  may  be  formed  underneath  or  about  the  strip.  What 
happens  is  really  a  pull  on  a  small  scale,  but  the  hardly  dis- 
cernible cracks  on  the  ingot  develop  into  obvious  cracks  in  the 
bar  forged  from  it.  The  material  immediately  beneath  a  catcli 
is  spongy.  The  spongiiiess  is  caused  by  oxidation  of  the  sur- 
faces of  the  strip  of  steel  before  the  metal  rising  in  the  ingot 
mould  covers  it.  The  oxide  film  reacts  with  the  carbon  of  the 
fluid  metal,  as  soon  as  the  two  come  into  contact,  and  small 
quantities  of  carbon  monoxide  or  dioxide  gases  are  liberated 
just  as  tliough  that  part  of  the  ingot  mould  were  rusted 

So  find  Ifff/ofa, 一 Sir  Robert  Had  field  has  already  exten- 
sively studied  the  question  of  producing  sound  steel,  and  has 
drawn  attention  to  the  importance  of  obtaining  sound  ingots. 
One  speaks  of  sound  ingots  in  a  comparative  sense.  Absolute 
soundness  is  never  attained,  but  the  imperfections  which  give 
rise  to  no  blemish  or  defect  in  the  intermediate  or  final  stages 
of  manufacture  are  disregarded  ；  and  if  they  are  also  equally 
unobjectionable  in  the  use  of  the  article  they  are  commercially 
negligible.  It  may  happen,  however,  that  apparent  trifles 
arising  in  the  course  of  manufacture  grow  into  serious  defects 
or  causes  of  defects  in  service,  and  to  trace  their  origin  and 
fix  the  responsibility  becomes  a  lengthy  and  delicate  matter. 
If,  therefore,  an  ingot  works  up  into  apparently  faultless 
plates  and  bars  and  general  forgings,  it  does  not  follow  that 
the  ingot  was  a  sound  one,  but  only  that  any  unsoundness 
present  was  of  small  obvious  consequence. 

Thousands  of  tons  of  ingots  known  definitely  to  be  unsound 
in  the  absolute  sense  are  rolled  into  girders,  plates,  rails,  and 
other  forms,  and  appear  to  yield  no  worse  service  on  that 
account.  Some  others  break  and  involve  loss  of  life  and  other, 
misfortunes  as  a  set-off  to  the  lower  costs  of  manufacture 
arising  froTi  the  use  of  material  which  is  thought  to  be  good 
enough,  but  not  so  good  as  it  could  possibly  be  made.  In 
producing  steel  at  what  is  called  "  tlie  market  price,"  these 
" insignificant  "  defects  in  ingots  are  made  as  harmless  as 
possible.  In  respect  to  piping  and  shrinkage  cavities  this  is 
accomplished  by  cropping  the  top  end  of  an  ingot,  or  by  avoid- 
ing oxidation  of  the  surfaces  of  the  cavities  in  order  to  increase 
their  chances  of  welding  up.  To  a  certain  extent  this  latter 
aim  is  secured  by  bottom-casting,  but  direct  attempts  to  secure 
its  success  have  been  made  in  other  ways,  e.f/.,  inverting  the 
partly  solidified  ingot. 

Tiidivid ual  steelmakers  are  to  be  found  who  contend  that 
bottom-cast  ingots  can  be  made  perfectly  sound  in  the  usual 
mould  by  using  a  long  ti  ii mpet  and  feeding  it  with  hot  metal. 
This,  on  tlte  face  of  it，  is  highly  improbable,  however  long  the 
trumpet  is  made,  as  the  steel  in  some  parts  of  the  runner  brick 
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will  rertainly  freeze  across,  and  thus  hennet ifally  seal  u\)  tlie 
ingot  before  the  interior  parts  of  the  ingot  liave  solidified. 
As  to  volume  of  shrinkage  cavity,  tliere  is  not  a  great  deal  to 
cl loose  between  a  bottom-cast  and  top-cast  ingot  wliirh  have 
been  poured  at  the  same  rate  ;  the  advantage  enjoyed  by  the 
former  is  that  its  cavities  are  likely  to  be  sealed  from  atmos- 
pheric oxidation. 

If  the  feeding  of  a  bottom -cast  ingot  through  the  trumpet 
be  left  out  of  account  and  we  imagine  the  mould  to  have  been 
instajitly  filled  with  fluid  metal,  then  it  does  not  matter 
whether  the  filling  took  place  from  the  top  or  the  bottom. 
The  position  and  size  of  the  shrinkage  cavity  would  be  the 
same  in  either  case,  except  that  with  a  closed  top  mould  a 
thicker  upper  crust  would  form  and  there  would  be  small 
chances  of  bridges  forming  beneath  it.  The  first  advantage 
then  of  bottom-cast  ingots  is  tiiat  shriiikage  cavities  are  more 
likely  to  be  clean  and  weld  up. 

The  metal  rises  in  tlie  mould  more  slowly  on  bottom - 
casting  both  on  account  of  the  mass  of  grouped  ingots  and  also 
because  each  mould  is  filled  against  the  pressure  of  the  column 
of  metal  in  it.  The  steel  freezes  through  contact  with  the 
mould  whilst  it  is  being  cast,  and  at  the  end  of  the  casting 
period  the  solid  shell  would  be  thicker,  if  bled,  than  the  shell 
of  a  top -cast  ingot  of  the  same  size  :  this  is  all  to  the  good  so 
far  as  volume  of  shrinkage  is  concerned.  Moreover,  the  ingot 
is  fed  under  pressure  by  metal  from  the  trumpet  so  long  as 
the  runner  bricks  remain  open,  and  this  again  lessens  the 
volume  of  shrinkage  cavity. 

As  steel  rises  slowly  in  the  mould,  beyond  the  disturbing 
influence  of  the  incoming  stream,  it  heats  up  the  sides  of  the 
mould  and  becomes  itself  colder,  so  that  wlien  the  mould  is  full 
and  the  trumpet  pressure  can  avail  nothing,  the  freezing  of 
the  ingot  is  completed  downwards  from  the  narrower  top  end 
containing  colder  metal  to  the  wider  bottom  end  containing 
hotter  metal.  The  ingot  therefore  may  have  two  infected 
areas  :  one  at  the  top  occupied  by  a  pipe,  and  one  in  the  lower 
third  of  the  ingot  occupied  by  spongy  metal.  Sections  of  top 
and  bottom-cast  ingot  (12in.  square)  are  reproduced  in  Fig.  7. 

The  slower  rate  at  which  grouped  ingots  are  cast  is  an 
advantage  so  long  as  the  rate  of  casting  is  not  too  slow.  Under 
normal  circumstances  the  rate  will  be  determined  by  the 
number  of  moulds  to  be  filled  througli  one  runner,  their  cross- 
sectional  area,  the  height  of  the  trumpet,  the  amount  of  metal 
coming  through  the  ladle  nozzle,  and  the  area  of  the  passages 
in  the  runner  bricks.  To  these  must  be  added  the  temperature 
of  the  steel  and  its  freezing  point. 

The  clean  skin  expected  on  ingots  cast  from  the  bottom  is 
not  always  realised.  When  cast  too  slowly  the  ingots  are 
folded  on  the  surface,  and  when  steel  is  run  down  the  trumpet 
too  quickly  to  begin  with  it  rises  like  a  fountain  through  the 
bottom  and  splashes  the  sides  of  the  moulds.  When  cast  at 
average  speed  the  molten  metal  runs  rather  sluggishly  to  begin 
with  along  the  cold  runner  bricks,  and  when  first  sighted,  at 
the  bottom  of  the  mould,  appears  as  a  nodule  of  pasty  metal. 
By  pressure  from  the  increasing  head  of  fluid  in  the  trumpet 
pipe  the  nodule  is  forced  out  of  the  hole  and  the  metal  enters 
more  or  less  quietly. 

As  the  area  of  the  opening  in  the  trumpet  pipe  is  less  than 
that  of  the  combined  openings  in  the  runner  bricks,  the  steel 
having  once  properly  entered  the  moulds  feeds  quietly  into 
them.  Later,  however,  a  head  of  metal  must  form  in  the 
trumpet  to  overcome  the  fluid  pressure  inside  the  moulds  and 
break  througli  any  crust  fonning  on  the  upper  surface  of  the 
ingots.  The  heavy  fluid  thus  pressed  through  a  circular  open- 
ing  is  expected  to  travel  up  the  axis  of  the  ingot  mould  and 
diffuse  itself  into  the  surrounding  metal  as  it  rises  ;  there  is 
reason,  however,  to  believe  that  it  often  acts  otherwise.  The 
thickness  of  the  runner  brick,  where  the  vertical  opening  is 
made,  is  approximately  half  an  incli.  Even  if  this  opening 
were  made  and  set  niatheniatically  true  the  stream  would  not 
make  headway  vertically  through  the  moving  mass  of  metal  ; 
it  would  be  diverted  first  to  one  side  and  then  the  other  by 
xuicontiollable  incidents. 

But  runner  bricks  are  made  and  laid  in  the  casting  plate  bv 
human  agencies  ；  and  sometimes  the  opening  is  sloped  and 
sometimes  it  is  chipped  or  has  a  fash  on  one  side.  Either 
incident  will  cause  the  metal  delivered  under  pressure  to  be 
diverted  from  the  vertical,  and  that  part  of  the  mould  in  direct 


line  with  tlie  sloped  oponin^  in  the  nm，"，r  l""'ks  will  he 
washed  bv  tlie  incoming  steel,  and  rnay  liave  a  cavity  melted 
(mt  of  it.     This  is  represeiitod  dia<^M';imrriati('ally  in  F\^.  8. 

The  mould  is  attacked  in  this  niaiuier  at  varying  lieigh", 
sometimes  as  iiuich  as  16iii.  from  its  base.  If  tlie  opening  lies 
centrally  under  the  mould  the  steelmaker  may  liesitate  to 
believe  that  the  cavity  when  disclosed  can  have  arisen  from 
any  defect  in  the  casting  arrangement.  It  is  much  easier  for 
him  to  think  that  the  mould  as  delivered  by  tlie  ironfoinider 
contained  such  a  defect 川 ore  or  less  consciously  concealed,  and 
the  view  seenis  to  be  justified  by  the  fact  that  troubles  of  this 
kind  arise  more  frequently  in  new  than  in  old  moulds.  The 
reason,  however,  for  this  apparent  justification,  apart  from  the 
fact  that  new  moulds  are  more  carefully  scrutinised,  lies  in  a 
difference  between  new  and  old  moulds,  the  inner  surfaces  of 
tlie  latter  being  protected  to  some  extent  by  the  deposit  of 
oxidised  metal  which  thickens  on  them  by  use. 

Deflection  of  hot  metal  to  one  side  of  the  mould  favours  the 
formation  of  cracked  ingots.  This  remark  ought  to  be 
decorated  like  a  recurring  decimal  when  applied  to  the  casting 
of  hard  steel  ingots.  If  the  runner  brick  does  not  open  in  the 
axis  of  the  mould  the  incoming  streams  cannot  possibly  form 
an  ingot  whose  temperature  is  uniform,  and  the  chances  of  the 
surface  of  the  mould  being  cut  are  increased.  If  the  mould 
rests  cornerwise  on  the  runner  brick,  so  that  the  stream  of 
metal  before  entering  the  mould  runs  along  a  diagonal  of  the 


Fig.  8.— Effect  of  Sloped  Opening  in  IU  nnkr  Brick. 

ingot,  which  owing  to  bad  design  of  the  bottom  plate  or  con- 
siderations of  space  may  occur,  then  the  corner  of  the  ingot  to 
which  the  moving  stream  is  directed  is  very  apt  to  crack  ；  and 
if  not  cracked  on  that  corner  the  ingot  will  certainly  not  be 
cracked  on  any  other.  In  such  cases  cracks  are  to  be  found 
only  in  the  lower  parts  of  the  ingot  ；  higher  up  the  force  of 
the  stream  is  dissipated  as  the  head  of  metal  increases. 

The  most  advantageous  arrangement,  within  the  authors' 
experience,  for  casting  groups  of  ingots  is  a  solid -bottom  mould 
having  a  central  hole  provided  with  a  small  taper  fireclay 
sleeve  as  shown  in  Fig.  9.  This  arrangement  ensures  tlie 
formation  and  feeding  of  the  ingot  by  a  stream  of  fluid  steel 
entering  on  and  passing  up  the  axis  of  the  mould.  The  fireclay 
sleeve  is  also  long  enough  to  give  direction  to  the  incoming 
fluid,  and  both  damaged  ingot  moulds  and  longitudinal  cracks 
in  ingots  are  practically  eliminated.  When  cast  in  this 
manner  tlie  mould  must  necessarily  stand  with  the  wide  end 
uppermost. 

If  we  assume  a  mould  to  be  full  of  fluid  steel  at  a  uniform 
temperature,  then  the  solid  ingot  could  be  sound  only  if  it 
had  been  cast  with  its  wide  end  uppermost.  But  in  all  top- 
cast  ingots  tlie  fluid  occupying  the  lower  part  of  the  mould  is 
colder  at  the  moment  casting  is  finished  than  is  the  metal 
occupying  the  upper  part  of  the  mould,  and  this  to  a  certain 
extent  depending  on  the  dimensions  of  the  ingot  and  the  speed 
of  casting,  is  favourable  to  sound  ingots  independent  of  the 
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direction  of  taper  of  the  mould.  Also  the  quantitative  effect 
of  a  taper  of,  say,  lin.  to  the  foot  is  not  the  same  on  the  freez- 
ing of  a  large  as  a  small  ingot.  In  a  small  crucible  mould, 
for  example,  the  area  of  transverse  sections  a  foot  apart  might 
be  in  tlie  proportion  of  4-  to  5-  and  in  a  larger  ingot  in  the 
proportion  of  20-  to  21"  ；  but  in  the  latter  case  the  speed  of 
casting  would  naturallv  be  】nore  favourable  to  the  production 
of  sou nd  ingots  than  in  the  former  if  both  were  top-cast. 
For  these  and  similar  reasons  it  is  not  permissible  to  apply 
ritjidly  the  results  of  observations  made  on  small  ingots  with 
a 川 pie  taper  to  much  larger  insjots  cast  with  so  small  a  taper 


Fig.  6  — Dktail  of  Mould  for  Bottom  Castixg. 

that  they  can  be  stripped  only  with  a  machine.  Much  varia- 
tion of  opinion  and  a  great  deal  of  the  recent  controversy 
about  sound  ingots  arise  from  neglect  of  this  important  diffe- 
rence. The  difference,  however,  is  one  of  detail,  not  one  of 
principle,  and  tlie  inverted  mould  should  be  adopted  as  the 
safest  means  of  securing  freezing  of  the  ingot  from  the  bottom 
upwards  whatever  may  be  the  size  of  the  ingot. 

As  a  means  of  feeding  the  unavoidable  shrinkage  cavities 
in  the  upper  part  of  an  ingot,  the  simplest  and  most  effective 
device  is  the  white-hot  fireclay  head  or  dozzle  used  by  the 
crucible  steel  iiiaker.  No  feeder-head  and  no  system  of  pro- 
ducing really  sound  ingots  involves  so  small  a  percentage  of 
waste.  But  the  device  has  not  been  applied  to  very  large 
ingots,  nor  to  groups  of  ingots  cast  through  the  bottom  from 
a  common  runner.  A  refractory  head  in  the  form  of  a  brick 
lining  in  the  upper  part  of  the  mould  or,  more  economically  in 
some  cases,  as  a  superimposed  piece,  as  indicated  in  Fig.  10， 
can  be  operated  with  a  discard  of  10  to  15  per  cent,  of  unsound 
and  segregated  material. 

Apart  from  shrinkage  cavities  the  inverted  mould  is  advan- 
tageous in  another  important  respect.  When  steel  is  cast  on 
the  cold  side,  as  certain  kinds  should  be  to  facilitate  cogging  in 
the  forge  or  mill  without  cracking,  there  forms  on  the  upper 
surface  of  the  fluid  steel  a  crust  of  crystals  which,  as  previously 
explained,  may  be  broken  and  thrown  back  on  to  the  sides  of 
the  mould,  or  pieces  thereof  may  be  washed  into  the  ingot  and 
form  l)Iowiioles  ami  other  centres  of  weakness.  In  the  ordinary 
form  of  mould  this  frozen  sur face  is  being  pushed,  as  the  steel 
rises,  into  a  coiisiaiitly  decreasing  area,  and  it  must  ultimately 
break  up  or  allow  the  steel  Lo  flow  over  it.  In  the  inverted 
mould,  on  the  other  hand,  the  frozen  crust  is  rising  always  into 
a  larger  area,  which  keeps  its  edges  free  and  permits  it  to  grow 
without  becoming  thicker  and  stronger  ；  consequently  there  is 
less  danger  of  the  crust  being  broken,  and  it  is  possible  to 
produce  groups  of  ingots  at  a  lower  casting  temperature. 

The  principles  of  ingot-making  already  briefly  described 
are  applied  in  the  followinc^  pages  to  a  few  of  the  problems 
arising  in  ordinary  works  practice.  One  of  the  most  (liffitnilt 
of  these  is  segregation  and  the  occurrence  of  ghost  lines  in 
large  ingots.  1  f  an  ingot  can  be  made  to  consist  entirely  of 
long  narrow  crystals,  the  segregates  are  crowded  into  the 
centre  and  towards  the  top  of  the  ingot.  But  a  large  ingot 
could  not  be  made  to  consist  entirely  of  such  crystals,  and 
somewhere  between  the  outside  and  centre  of  a  cross-section 
there  is  a  more  or  less  clearly  defined  boundary  between 
crystals  growing  inwards  from  the  outer  shell  of  solid  steel, 
owin (；  to  heat  cojuiuctioii,  and  crystals  deposited  f loin  the 
iiiot iici-  !if|U()r  whoso  loni])or;it lire  has  fcilleii  to  freezing  point. 


This  boundary  line  can  often  be  seen  on  a  well-made  sulphur 
pi  i lit  of  common  steel.  The  chill*  crystals,  which  extend 
inwards  from  the  already  solidified  shell,  form  a  compact  mass. 
They  grow  into  close  contact  witli  each  other,  pressing  the  less 
pure  and  more  fluid  material  from  between  their  faces  and 
confining  it  within  a  receptacle  which  becomes  continuously 
narrowed.  When  tlie  temperature  of  the  fluid  metal  within 
this  receptacle  falls  to  freezing  point  then  "free"  metallic 
crystals  form  and  sink  towards  the  bottom  or  adhere  to  the 
inner  surface  of  the  solid  walls  ；  and  such  crystals  lie  loosely 
together  like  thistledown  and  allow  the  liquid  metal  to  pass 
between  tlieni. 

Talbot  has  shown,  and  Neii  also  at  an  earlier  date,  that 
when  tiie  sides  of  a  partially  solidified  ingot  are  squeezed 
together  to  form  a  rough  bloom,  the  cross-section  of  such  a 
bloom  shows  purer  material  in  the  centre  and  outside  than  on 
a  median  area.  The  area  which  is  thus  found  to  be  occupied 
by  the  segregate  corresponds  to  the  boundary  between  the 
(( chill  "  crystals  and  the  "  free  "  crystals  ；  or  more  correctly, 
it  should  be  said  that  the  outer  edge  of  the  segregated  area 
cannot  lie  nearer  tlie.  face  of  the  ingot  tlian  the  said  boundary 
line,  the  reason  being  that  the  fluid  squeezed  from  tlie  interior 
can  penetrate  the  solidified  wall  only  until  it  reaches  the  more 
compact  chill  crystals.  The  purer  interior  of  such  blooms 
consists  of  the  free  crystals  already  formed  in  the  fluid  ingot 
metal  and  suspended  therein  or  attached  to  the  walls.  If, 
therefore,  it  were  thought  desirable  to  move  the  segregates  in 
a  Talbot  ingot  towards  the  centre,  it  could  be  done  by  increas- 
ing the  chilling  effect  of  the  mould  and  raising  the  casting 
temperature,  i.e.,  by  increasing  the  thickness  of  the  solid  shell 
before  the  fluid  it  contained  had  readied  a  temperature  at 
which  crystals  began  to  form  freely  within  it. 

By  reasoning  along  similar  lines  we  observe  that  in  very 
large  ingots  (such,  for  example,  as  are  used  in  making  gun 
tubes)  the  wall  of  compact  crystals  starting  from  the  interior 
of  the  mould  drives  before  it,  as  it  thickens,  a  fluid  envelope 
of  impure  metal  which  diffuses  readily  with  the  hotter  metal 
nearer  the  centre,  as  long  as  both  remain  quite  liquid.  When 
this  interior  liquid  reaches  the  upper  limit  of  its  freezing 
temperature  tlie  more  flocculent  kind  of  crystal  begins  to 
adhere  to  the  compact  walls,  and  thus  restrains  somewhat  the 
free  movement  of  tlie  liquid  segregate  which  at  that  moment 
occupies  the  same  position.    Unless  we  are  prepared  to  assume 


Fiti.  10.— Superimposed  Feeder-head. 

a  somewhat  violent  movement  of  the  interior  liquid  it  must 
lia])pen  that  tlie  segregated  fluid  becomes  imprisoned  and 
solidified  where  the  two  kinds  of  crystals  meet,  and  as  a  matter 
of  fact  it  is  from  that  position  inwards  tiiat  ghosts  are  found. 
As  a  natural  sequence  one  would  expect  to  find  the  lower  part 
of  an  ingot,  wliicli  receives  most  of  the  deposited  free  crystals, 
to  be  either  alios^etlier  or  relatively  free  from  ghosts.  Also  it 
Jiiight  be  predicted  tliat  a  line  drawn  on  a  longitudinal  section 
parallel  to  the  side  of  an  ingot  would  cut  simultaneously  the 
outer  ends  of  a  number  of  ghost  lines. 

Tlie  explanation  given  may  be  confirmed  both  deductively 
and  by  actual  observation,  but  before  applying  these  methods 
it  should  be  said  that  the  maker  of  gun  tubes  first  trepans  a 

*  For  the  sake  of  l)revity  those  crystals  whicli  form  at  tbo  inner  surface  of  the 
mould  and  i^row  into  the  liquid  ste ？ 1  tire  called  "chill  "  crystals  ：  and  those  wliich 
lor  in  unattached  in  the  cooler  fluid  and  tend  k>  fall  on  to  the  bottom  or  sides  of  the 
solid  shell  are  called  *'  free  "  crystals, 
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core  Froin  the  contro  of  I  lie  iiii^ot  ，>r  t'loni  llic  centre  of  ； i  lart^o 
billot  made  from  tlie  iii、ii;o「.  I  \r  山"、 s  not  care  vt、ry  iiiucli 
whotlier  t lio  discarded  vorc  contains  gliosis  or  not ,  hut  il  is 
very  ituportaiii  ('ommrr('i;illv  to  no  ^-liosts,  (>r  as  t'tnv  as 

possible,  on  that  \)ix\  t  of  1  lio  in^ol  wliicli  will  lie  nil imately 
near  the  bore  of  t lie  ^iin. 

( 1 )  I  M  a  large  iiigot'  cast  in  ； i  Inain  mmihl  llic  <;li()sts  were 
t'ouiul  to  be  dislributed  almost  to  it's  edj^'e,  and  it  was  not 
possible  t'l om  any  part  of  the  tube  to  secure  test  pieces  which 
would  pass  ins])ec'tion.  This  condition  arose  obviously  from 
the  fact  that  circumstances  were  \ui favourable  to  the  fonnation 
of  chill  crystals. 

(2)  As  the  result  of  extensive  exj)erituent  it  lias  been 
cininned  that  much  better  remits  are  obtained,  h'"  there  is  less 
trouble  with  transverse  test  pieces  cut  fioni  a  gun  forging, 
when  the  casting  temperature  is  liii^h.  Tiiis  arises  from  the 
fact  that  a  high  casting  tein])erature  is  favourable  to  the 
growth  of  oh  ill  crystals  ；  but  it  may  arise  also  because  non- 
metallic  impurities,  not  strictly  due  to  segregation,  have  a 
better  chance  of  escaping  to  the  centre  and  top  of  the  ingot 
when  the  casting  te:ii])erature  is  high.  A  portion  at  least  of 
such  impurities  may  be  eliminated  in  the  furnace  by  careful 
working. 

(3)  Other  makers  of  large  ingots  have  been  known  to  affirm 
that  cracks  on  the  corners  of  such  ingots  (generally  due  to  high 
casting  temperature)  may  be  taken  as  a  sure  sign  that  the 
ingot  is  a  good  one,  good  in  respect  to  freedom  from 
ghosts  outside  the  trepanned  core.  The  effects  of  higli  casting 
temperature  in  the  direction  indicated  may  be  admitted,  but 
the  remedy  is  a  desperate  one,  and  it  may  well  be  asked 
whether  it  were  not  better  "  to  bear  tiie  ills  we  have  than  fly 
to  those  we  know  not  of/'  If  we  bear  in  mind  the  difficulty  of 
controlling  casting  temjieratures  these  remarks  will  suggest, 
without  further  coninieiit,  why  gun  ingots 】i 化 de  under  appa- 
rently identical  conditions  are  diversely  satisfactory. 

The  net  effect  of  a  high  cast  temperature  is  harmful,  and 
it  is  doubtful  whether  an  exception  should  be  made  of  gun 
ingots.  It  increases  the  amount  of  total  shrinkage  ；  it 
increases  the  number  of  contraction  cavities  and  iiitercrvstal- 
line  cracks  ：  it  adds  to  the  weakness  of  the  ingot  along  planes 
which  lie  between  the  corners  and  centre  of  the  ingot,  and  it 
heightens  the  danger  of  clinking  in  the  relieating  furnace. 

The  assumption  that  an  ingot  is  a  homogeneous  piece  of 
inetal,  apart  from  piping  or  segregation,  is  not  supported  by 
observation.  Take,  for  example,  the  well-worn  statement  that 
the  extension  of  a  round  bar  of  iiot  steel  by  a  method  which 
includes  the  revolution  of  the  bar  on  its  own  axis  will  cause 
the  centre  of  the  bar  to  become  hollow.  There  certainly  is  a 
tendency  at  all  times  for  the  bar  to  split,  and  it  will  no  doubt 
actually  do  so  if  the  working  is  sufficiently  drastic  and  pro- 
longed, because  the  simultaneous  revolution  and  elongation  of 
the  bar  produces  a  transverse  shearing  moment  through  its 
centre.  But  whether  it  will  occur  or  not  in  an  operation 
carried  out  always  in  the  same  way  depends  on  the  properties 
of  the  steel,  and  experience  shows  that  it  occurs  invariably 
with  some  bars  but  not  with  others  made  from  the  same  ingot. 

Use  lias  been  made  of  a  method  which  secures  the  simul- 
taneous revolving  and  extension  of  bars  under  well-defined 
conditions  as  a  means  of  cotn])aring  the  streiigtli  of  the  central 
axis  of  ingots  cast  under  different  conditions.  Tlie  ingots  were 
rolled  into  bars,  and  these  were  cut  into  lengths  for  testing 
purposes.  From  the  usual  form  of  ingot  only  those  bars 
corresponding  to  the  lower  third  would  stand  the  test  without 
splitting.  When  cast  into  an  inverted  mould  about  three- 
fourths  of  the  ingot  would  produce  bars  capable  of  withstand- 
ing the  test :  but  if  cast  very  hot  even  tlie  inverted  ingot  would 
not  make  satisfactory  bars. 

Some  tests  were  made  on  bars  prej)ared  as  follows  ：  The 
ingot  was  cogged  into  a  slab,  this  was  sawn  longitudinally 
down  the  centre,  and  each  half  was  rolled  into  test  bars.  In 
these  tests  the  axis  of  the  bar  would  not  correspond  either  with 
the  axis  of  the  ingot  or  any  plane  of  weakness  existing  in  the 
ingot,  and  it  is  notable  tliat  out  of  300  tests  not  a  single  piece 
disclosed  a  split  centre. 

It  is  not  so  easy  to  make  (|u;iii.titativ (；  tests  acn.ss  the 
planes  of  weakness  originating  at  tlie  corners  of  ingots,  and  the 
steelmaker  is  well  ])le;ised  if  lie  can  avoid  any  obvious  defects 


arising  from  tliom.  Tlicir  prtrscMico,  however,  slioiiM  not  be 
lu^i^leclod  hy  ilic  st.(M'! tiiakcr  nor  i 扒' imml  by  llio  iiis|"，（'t"ig 
t'ligii'eer.  They  arc  ii iiavoidaM y  pM^-cnt  Id  ^reatci"  or  leswer 
degree,  clepeiuliiig  on  ilu*  sliapt;  (,i  iwv.  mould  and  Uie  riianiier 
ill  which  tlie  steel  is  j" 川 red  into  il,  and  more  especially  on  ilie 
tci»i])cratiire  of  the  steel.  】）efe(,ts  arising  I'rojn  tlie  said 
|)laiies  of  weakness  are  well  known  ；  lliey  a])j)ear,  for  example, 
ill  the  tyre  blanks  during  the  be^'king  operation  or  earlier. 

Owing  to  the  higher  coefficient  of  shrinkage  of  stearino  as 
compared  with  steel,  and  its  smaller  resistance  to  tensile 
stresses,  it  is  possible  to  exaggerate  the  defects  likely  to  occur 
in  steel  ingots.  Stearine  can  be  used  also  to  illustrate  ilie 
general  principles  of  segregation,  and  to  demonstrate  some  of 
the  cause's  of  spongy  and  blown  ingots,  wliile  its  value  for 
teaching  purposes  can  liardly  be  over-estimated. 


PROPOSED  DEPARTMENT  OF  MINERALS  AND  METALS. 

The  following  letter  liat-.  been  addressed  to  Sir  William  S. 
M'Corinick,  chairman  of  the  Advisory  Council  for  Scientific 
and  Industrial  Research  : —- 

Sir ，一 On  behalf  and  by  authority  of  the  Councils  of  the 
following  institutions  : —— 

The  Iron  and  Steel  Institute  (Incorporated  by  Royal 
Charter  as  representing  the  iron  and  steel  industries) : 

The  Institute  of  Metals  (Incorporated  as  representing 
the  users  and  manufacturers  of  non-ferrous  metals  and 
alloys) ; 

The  Institution  of  Mining  Engineers  (Incorporated  by 
Royal  Charter  as  representing  coal  and  iron  ore  mining  and 
allied  industries)  :  and 

The  Institution  of  Mining  and  Metallurgy  (Incorporated 
by  Royal  Charter  as  representing  the  mining  of  niiuerals 
other  than  coal  and  iron  ores  and  the  production  of  metals 
other  tliau  iron  and  steel) ； 
We,  the  undersigned,  liave  the  honour  to  submit  the  following 
considerations  and  recommendations  in  the  hope  that  through 
the  intervention  of  the  Committee  of  the  Privy  Council  for 
Scientific  and  Industrial  Research,  measures  may  be  taken  to 
provide   the    necessary   machinery   for  the    protection  and 
advancement  of  the  economic  welfare  of  the  mineral  and  metal 
industries  of  tlie  Empire. 

The  absence  of  effective  co-ordination  of  the  organisations 
of  tliese  vital  industries  has  been  demonstrated  and  brought 
into  prominence  by  the  war,  in  many  directions.  The  grave 
results  to  the  national  interests  are  generally  admitted. 

There  are  highly-organised  Geological  Surveys  and  Depart- 
ments of  Mines  in  nearly  all  foreign  countries,  and  their  influ- 
ence ill  the  development  of  mineral  resources  is  a  factor  uf  the 
first  importance.  There  are  similar  well-organised  depart- 
ments in  some  of  the  Britioli  Dominions,  but  there  is  no  con- 
necting link  or  central  "  clearing-house  "  in  the  Metropolis  of 
tlie  Empire  to  co-ordiaate  information  on  its  mineral  resources, 
to  stimulate  their  development,  and  to  safeguard  Imperial 
interests. 

Various  Departments  of  tlie  Home  Government,  such  as 
the  Geological  Siu'veys  and  Museiun  of  Practical  Geology,  the 
Board  of  Trade,  the  Home  Office,  the  Imperial  Institute,  and, 
since  tlie  outbreak  of  the  present  war,  the  Foreign  Office,  the 
Admiralty,  the  War  Oflice,  and  the  Ministry  of  Munitions, 
have  all  been  coucernecl  with  the  collection  of  infonnatioii 
bearing  on  the  sources  of  supply  of  minerals  and  the  produc- 
tion of  metals.  There  does  not  appear,  however,  to  have  been 
any  serious  attempt  to  co-ordinate  and  render  available  even 
such  iiil'oi  matiou  as  has  been  collected  by  these  Departments, 
and  it  is  certain  that  there  lias  been  considerable  overlapping 
and  duplication  of  effort,  with  corresponding  waste  and  con- 
fusion. 

It  is,  we  submit,  obvious  that  the  overlapping  and  confu- 
sion will  be  seriously  increased  if  the  various  Technical  Com- 
mittees appointed  by  the  Advisory  Council  attempt  to  collect 
the  information  wliicli  is  essential  to  enable  the  beneficent, 
object  of  the  Couitiiittee  of  the  Privy  Council  to  be  attained, 
ill  its  wider  aspects,  in  regard  to  the  mineral  and  metal 
industries. 

We  respecU'idlv  urge  this  view  u])on  tlie  serious  attciilioii 
of  the  Advisory  Council,  as  already  tlicve  are  evidences  of 
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increasing  overlapping  and  consequent  waste  of  time  and 
energy,  which  we  believe  it  is  one  of  the  main  purposes  of  the 
Committee  of  tiie  Privy  Council  to  eliminate  as  far  as  possible. 

In  the  opinion  of  the  Institutions  represented  by  us  the 
organisation  of  a  central  Department  of  Minerals  and  Metals 
is  imperatively  necessary  in  the  public  interest,  and  the  work 
of  organisation,  which  will  necessarily  take  nim'h  time  to  com- 
plete, should  be  comniem'ed  at  the  earliest  possible  moment. 

It  cannot  be  doubted  that  if  a  properly-organised  and 
efficiently- conducted  Department  of  Minerals  and  Metals  had 
been  in  existence,  much  valuable  time,  many  lives,  and  vast 
sums  of  money  would  have  been  saved  to  the  nation  in  the 
conduct  of  the  present  war,  and  much  of  the  cost  and  incon- 
venience to  British  industries  (lepeiidiiig  largely  for  their  raw 
materials  ov  mineral  products  would  have  been  saved,  with 
corresponding  advantages  to  the  prosecution  of  the  wai'  and  to 
many  industries. 

A  Department  of  Minerals  and  Metals  should  not  only  be 
in  intimate  relationship  with  the  Geological  Surveys  and 
Mines  Department  of  the  Dominions,  but  also  with  the 
organisations  representing  the  different  brandies  of  the  mining 
and  metallurgical  industries,  whose  co-operation  in  the  work 
of  the  Department  should  form  a  vital  part  of  its  machinery. 

The  Geological  Surveys  of  Great  Britain  and  Ireland,  and 
the  Museum  of  Practical  Geology,  should  also  form  an  integral 
part  of  the  Department. 

The  functions  of  the  Department  should  be  active  and  con- 
structive. All  overlapping  by  other  Home  Government 
Departments,  and  also  by  tlie  Institutions  representing  the 
industries,  should  be  absolutely  prevented. 

The  duties  of  a  Department  of  Minerals  and  Metals  would 
include  : —— 

( 1 )  Arrangements  for  expediting  the  completion  of 
mineral  surveys  of  the  United  Kingdom  and  of  the  Crown 
Colonies  and  other  British  Possessions. 

(2)  The  systematic  collection  and  co-ordination  of 
information  bearing  on  the  occurrence,  ii^es,  and  economic 
value  of  minerals  and  their  products  :  special  attention  being 
devoted  to  securing  industrial  applications  for  newly  dis- 
covered minerals  or  metallurgical  products,  and  to  finding 
mineral  materials  required  for  new  metallurgical  products 
or  inventions.  Some  of  this  information  should  be  promptly 
and  widely  disseminated  in  summarised  form  to  those  inte- 
rested in  the  industries,  through  the  medium  of  the  existing 
publications  of  the  Institutions  directly  concerned. 

(3)  The  investigation  of  all  questions  and  problems  relat- 
ing to  the  utilisation  of  the  mineral  or  metallurgical 
resources  of  the  Empire. 

(4)  The  co-ordination  and  disseniination  of  information 
on  mining  laws,  development  of  mineral  areas,  output,  pro- 
cesses of  extraction,  plant,  capital  employed,  markets, 
&c"  &c. 

(5)  A  general  review  from  time  to  time  of  the  developed 
and  undeveloped  mineral  resources,  and  of  the  position  of 
each  mineral  or  metal,  to  ensure  that  the  mineral  wealth 
of  the  Empire  is  being  exploited  with  due  regard  to  Imperial 
interests. 

(6)  Generally,  to  advise  the  Imperial  Government  on  all 
questions  bearing  on  the  rniiiijig  and  metallurgical  indus- 
tries. To  perform  this  function  efficiently,  it  is  essential 
that  complete  information  should  be  available,  and  also  tliat 
the  industries  concerned  should  be  consulted  tli rough  their 
respective  organisations. 

We  feel  sure  that  the  Advisory  Council  will  fully  appreciate 
the  urgency  of  the  question,  and  the  necessity  for  prompt 
a<'tioii,  so  that  the  process  of  co-ordination  may  be  inaugurated 
at  once. 一 We  are,  Sir,  Your  obedient  Servants, 

Wm.  Bkardmork,  President,  1  The  Iron  (tiul  Sicrl 
G.  C.  Lloyd,  Secretary,  f  ///sfifu/r. 

George  Beilby,  President,      )  77/'  of 
G.  Shaw  Scott,  Secretary,       j  .1/',〃/,、'. 
W.  TnoRNEYCROFT,  President,  )  ,,，,,,  ,〃 
L.  T.  O'Shea,  [loii.  Secretary,       l/',: V/"  二、 
P.  Sth/elf.cki,  Secretary,         J    '   〃〃〃〃  乂 
C.  McDekmid,  Secretary,         ]  The  Insiitution  oj 
EuoAU  Tay[.oi!,  President, 


SCIENTIFIC  AND  INDUSTRIAL  RESEARCH. 

Report  of  the  Advisory  Council. 
{('o/t eluded  from  ]Mf(/c  Jol,) 
P(/ssi hi f  Sjfhere  of  Speckd  Research  I it^f if ufe><, —— Many 
other  examples  might  be  given  of  the  kind  of  work  we  mean  ： 
but  wneu  the  scientific  bases  of  a  wliole  trade  are  in  question 
some  other  machinery  must  be  devised.  Dr.  Mees  in  his 
pamphlet  expresses  the  view  that  at  this  point  the  university 
ceases  to  be  a  suitable  agent.  It  may  be  that  in  America 
this  is  80,  though  there  is  no  country,  we  imagine,  in  regard 
to  which  it  is  less  safe  to  generalise,  and  certainly  German 
practice  tends  to  confirm  his  doubts.  Yet  we  are  not  sure  that 
under  the  conditions  prevailing  in  the  United  Kingdom  a 
place  may  not  be  found  for  the  universities  in  some  at  least 
of  these  more  comprehensive  and  complicated  researches.  We 
must  not  forget  how  much  they  have  done  already  by  means 
of  separate  technological  departments  closely  related  to  the 
industries.  The  metallurgical  department  at  Sheffield,  the 
de])artments  of  tinctorial  chemistry  and  of  leather  at  Leeds, 
the  engineering  departments  of  the  Royal  Technical  College, 
Glasgow,  the  departments  of  economic  botany  and  of  engi- 
neering at  the  Imperial  College,  the  departments  of  mining 
and  of  brewing  at  Birmingham,  are  obvious  examples.  But 
we  believe  that  the  present  organisation  of  sucli  departments 
will  need  modification  and  development  if  they  are  success- 
fully to  carry  the  burden  that  will  be  put  on  them.  But  tlie 
advantages  are  obvious,  especially  at  the  present  stage  of  our 
scientific  development.  In  the  first  place,  it  will  be  easier  to 
attract  the  support  of  the  trades  if  provision  is  made  for 
training  their  higher  staff  as  well  as  for  investigating  tlieir 
difficulties.  In  the  next  place,  it  ensures  the  continued  con- 
tact of  the  research  worker  with  advanced  students —— an 
inestimable  benefit  in  the  opinion  of  all  the  best  authorities. 
Finally,  it  enables  us  to  use  to  the  utmost  advantage  the  very 
limited  number  of  original  workers  available  either  for 
research  or  for  teaching.  This  is  a  consideration  of  very- 
practical  importance,  for  if  research  institutes  were  in  all 
cases  to  be  established  independently  of  our  universities  and 
colleges  we  s^lioulcl  be  in  grave  danger  of  depleting  our  educa- 
tional institutions  before  they  have  had  time  to  produce  the 
number  of  workers  which  the  industries  will  need  if  progress 
is  to  be  made.  At,  the  same  time,  we  are  far  from  thinking 
that  the  u Diversity  connection  will  always  be  either  practi- 
cable or  to  be  desired.  In  some  cases  now  before  us  it  will 
probably  be  the  best  way  of  proceeding  ；  in  other  cases,  where 
a  powerful  industry  and  very  complicated  problems  are  con- 
cerned, it  may  not.  We  shall  approach  eacli  case  with  au 
open  mind,  and  so  far  as  possible  reserve  to  ourselves  the 
opportunity  of  reconsidering  at  ruiitable  intervals  any  arrange- 
ments that  we  recommend  to  the  Committee  of  Council. 

Ju  sfftrclt  "ml  (1  overnineiif  ])e  part  mentx. ^ We  have  con- 
fined our  remarks  so  far  to  those  aspects  of  our  work  which 
are  specially  emphasized  in  the  White  Paper,  and  wliicli  are 
undoubtedly  the  most  urgent  ；  but  scarcely  less  important 
than  the  encouragement  of  research  in  our  educational  insti- 
tutions and  our  factories  is  a  due  correlation  of  the  research 
activities  of  the  Government,  or ― as  we  should  rather  say ― 
of  the  Goveriiinents  of  the  Empire.  We  believe  this  can  best 
be  achieved  by  the  free  exrhange  of  information  given  in  a 
spirit  of  hearty  co-operation.  Accordingly  Mr.  Henderson, 
realising  that  tlie  activities  of  the  Conimittee  of  the  Privy 
Council  and  its  Advisory  Council  might  create  serious  confu- 
sion and  overlapping ― especially  at  the  present  time ― if  they 
proceeded  in  ignorance  or  neglect  of  the  work  done  by  the 
departments  of  State  in  the  same  field,  announced  in  the 
White  Paper  that  arrangements  would  be  made  on  which  the 
Council  would  "keep  in  close  touch  with  all  Government 
Departments  concerned  with  or  interested  in  scientific 
research."  The  means  adopted  to  this  end  lias  been  of  the 
greatest  assistance  to  our  labours,  and  we  liope  lias  been  con- 
venient to  tlie  departments  concerned. 

Resmrrh  "m!  the  Empire, — The  Secretary  of  State  for  the 
Colonies  who  appoints  an  assessor  on  our  Council  was  in  prac- 
tice responsible  for  the  a,dniiiiistration  of  the  Imperial 
Institute  iiiKlcr  an  arrangement  with  the  Board  of  Trade,  to 
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whom  tlio  nianat^onient  had  been  entrusted  uiulor  the  Act  oC 
This  arraiii^oment  has  siiico  received  legislative  sauc- 
iioM  in  llie  Imperial  Institute  (Mamii^'omeiit)  Act,  191  (i,  and 
an  Executive  Council  of  25  members  has  taken  the  place  of 
the  Advisory  Committee  set  up  by  the  Act  of  Among 
the  nietnbers  of  the  new  Executive  Council  of  the  Institute 
is  Mr.  Riciiard  Tlireli'all,  a  inemher  of  our  Coiuiril,  and  for- 
merly Professor  of  Physics  in  the  University  of  Sydney,  who 
has  been  appointed  by  the  Secretary  of  State  for  the  Colonies, 
oil  the  noiiiination  of  the  Lord  President  of  tiie  Council. 
There  is  now  accordingly  a  double  link  between  the  Imperial 
Institute  and  ourselves,  which,  i»i  itself,  has  opened  up  at 
least  the  possibility  of  relations  with  the  doininions  over  the 
seas.  Almost  simultaneously  the  Imperial  College  of  Science 
and  Technology  applied  for  and  was  granted  an  amendment 
of  its  cliarter  in  order  to  enable  the  overseas  doininions  to  be 
represented  on  its  governing  body.  But  the  needs  which  led 
tiie  mother  country  to  formulate  a  sell  erne  for  the  organisa- 
tion and  development  of  scientific  and  industrial  research  had 
been  realised  with  equal  conviction  in  other  parts  of  the 
Empire.  The  Victorian  Governnieiit,  in  a  dispatch  dated 
October  5th,  1915,  to  the  Secretary  of  State  for  the  Colonies, 
stated  that  they  were  desirous  that  the  scheme  described  in 
tlie  White  Paper  [Cd  8005]  should  be  "  extended  to  the 
dominions,  in  order  that  tlie  State  of  Victoria  may  receive  the 
benefit  of  this  most  important  movement,"  a  proposal  which 
was  endorsed  by  the  Premier  of  New  Soutli  Wales,  and  the 
Commonwealth  Government  at  a  later  date  decided  to  work 
out  a  plan  for  the  whole  of  Australia.  A  strong  committee, 
appointed  by  the  Coinmonwealtli  Government,  reported  in 
favour  of  the  establishment  of  a  national  Research  Institute, 
under  the  charge  of  three  directors,  with  an  Advisory  Council, 
and  the  Government  accepted  the  proposal  in  its  main  out- 
lines. Meantime  the  Committee  of  Council  had  subn'itted  a 
mejnorandum  to  the  Colonial  Office  for  communication  to  tlie 
dominions,  containing  suggestions  as  to  the  various  ways  in 
which  the  home  organisation  might  co-operate  with  similar 
organisations  in  other  parts  of  the  Empire.  During  his 
recent  visit  to  this  country,  Mr.  Hughes,  the  Prime  Minister 
of  Australia,  honoured  the  Advisory  Council  by  attending 
one  of  our  meetings  and  explaining  the  intentions  of  his 
Government  and  their  desire  for  a  free  exchange  of  views 
with  the  Council  and  its  officers.  On  that  occasion  tlie  great 
importance  of  the  establishment  of  a  central  clearing  house  of 
information  as  to  research  was  urged  upon  us,  and  it  will  be 
clear  from  what  we  have  said  already  that,  subject  to  the 
approval  of  the  Com niittee  of  Council,  we  are  prepared  to  do 
what  we  cau  to  supply  this  need. 

In  Canada  a  similar  movement  has  begun,  and  an  Order 
in  Council  was  issued  on  June  6tb  establisliing  niachinery 
similar  to  that  in  this  country  for  the  eucoiiragement  of 
scientific  and  industrial  resecircli.  Sir  George  Foster,  the 
Canadian  Minister  of  Trade  and  Conunerce,  kindly  attended  a 
recent  meeting  of  the  C-ounoil  and  explained  the  proposals  of 
his  Government,  whicli  are  based  on  their  conviction  that  each 
part  of  the  Empire  should  organise  its  present  machinery  for 
research  before  attempting  collaboration  with  the  Mother 
Country.  The  Canadian  Pacific  Railway  has  also  recently  set 
up  a  department  for  the  scientific  investigation  of  the  mineral 
wealth,  and  the  hydro-electric  and  chemical  resources  of  the 
Dominion,  especially  in  those  districts  served  hy  the  railway. 
It  proposes  to  encourage  the  utilisation  for  industrial  purposes 
of  minerals  which  have  hitherto  been  neglected  or  exported  to 
foreign  countries  for  manufacture,  and  to  investigate  the 
by-prod  nets  in  existing  industries  heretofore  wasted  or  insuffi- 
ciently utilised.  This  company  lias  resources  adequate  for  the 
conduct  of  research  on  a  fundamental  scale,  and  we  shall  watch 
with  interest  the  development  of  its  plans.  The  New  Zealand 
Government  also  have  the  matter  under  consideration,  for  they 
have  referred  the  memorandum  of  the  Committee  of  Council 
to  a  board  constituted  under  the  Science  and  Art  Act,  1913， 
" for  opinion  and  advice/'  We  have  not  yet  had  an  oppor- 
tunity of  considering  in  detail  tlie  possibility  of  co-operatioii 
with  tlie  Indian  Government,  but  the  Messrs.  Tata,  the 
generous  founders  of  the  Tiulian  Institute  of  Science  at  Banga- 
lore, have  assured  us  of  their  desire  to  co-operate  in  any 
researches  which  we  may  wish  to  initiate  in   India.  The 


organisation  of  reseanrli  wiLliiii  llu;  Kinpiro  must  inevitably  h (！ 
； I  |>laiil  of  slow  ^rowlli,  yet.  we  tliiiik  it  au^'urs  for  the 

t'nture,  that,  tliou^lii  should  niovo  in  parallel  lines  in  places  ho 
remote  and  uiulor  coiHlilions  so  various.  It  is  obvious  that 
the  oxislence  of  such  organisations  throughout  the  P 二 mpire 
would  immensely  facilitate  our  own  task  by  enabling  uk  to 
enlist  the  best  brains  for  tlie  attack  on  problems  of  Imperial 
significance  irrespective  of  the  researolier's  domicile. 

Tt  seems  probable  that  one  of  the  first  and  most  iiGcessary 
preliminaries  to  joint  research  in  the  stricter  sense  will  ha 
found  to  be  the  making  of  a  systematic  survey  of  tlie  mineral 
and  other  resources  of  tho  Empire.  Our  attention  has  already 
been  drawn  to  tliis  need  from  many  sides.  The  right  organisa- 
tion for  the  purpose  is  not  easy  to  devise,  ami  it  is  not  yet  clear 
where  the  responsibility  should  rest  for  ro-ordiiiatiii^  the  work 
of  the  several  Government  surveys,  and  for  collecting  unofricial 
information  which  may  often  be  of  great  value.  We  me  dis- 
posed to  think  that  no  machinery  less  independent  than  that 
of  a  Government  office  would  suffice,  but  the  whole  question 
will  doubtless  be  considered  by  the  Committee  under  the  chair- 
manship of  Lord  Balfour  of  Burleigh,  appointed  by  the  Prime 
Minister  to  consider  the  commercial  and  industrial  policy  to  be 
adopted  after  the  war,  with  special  reference  to  the  conclusions 
reached  at  the  Economic  Conference  of  the  Allies,  and  to  a 
number  of  other  questions  among  which  are :  To  what  extent, 
and  by  what  means,  the  resources  of  the  Empire  should  and 
can  be  developed  :  and  to  what  extent,  and  by  what  means,  the 
sources  of  supply  within  the  Empire  can  be  prevented  from 
falling  under  foreign  control. 

('onclndoHii, ― We  have  not  attempted  in  this  report  to 
describe  or  even  to  make  reference  to  all  the  various  researches 
whicli  we  have  recommended  the  Committee  of  Council  to  aid, 
still  less  to  detail  the  larger  and  more  comprehensive  plans 
which  are  under  consideration,  for  it  seemed  to  us  more  impor- 
tant ill  this,  our  first  report,  to  explain  the  principles  whicli 
have  guided  us  in  our  work,  to  call  attention  to  some  of  the 
difficulties  which  will  have  to  be  overcome,  and  to  record  the 
spirit  of  goodwill  and  co-operation  with  which  we  have  been 
met.  The  experience  we  have  already  gained  in  dealing  with 
these  researches,  and  other  applications  and  proposals  now 
before  us,  enables  us  to  trace  the  main  directions  in  which  the 
work  of  the  Committee  and  tlie  Advisory  Council  will  probably 
lie  during  the  coming  years,  and  to  foresee  some  of  the  more 
important  conditions  which  will  need  to  be  secured  if  the 
object  for  which  the  Committee  of  Council  was  established  is  to 
be  attained.  It  may  be  useful  in  conclusion  to  summarise 
those  that  appear  to  us  necessary  for  the  success  of  our  work. 

If  we  were  asked  to  state  these  conditions  in  the  shortest 
possible  terms  we  should  reply :  First,  a  largely  increased 
suj)ply  of  competent  researchers  ;  secondly,  a  hearty  spirit  of 
co-operation  among  all  concerned,  men  of  science,  men  of 
business,  working  men,  professional  and  scientific  societies, 
universities  and  technical  colleges,  local  authorities,  and 
Government  Departments.  And  neither  condition  will  be 
effective  without  the  other. 

The  first  condition  of  success  cannot  be  secured  rapidly  at 
any  time,  and  for  the  moment  is  out  of  the  question.  Before 
the  war  the  output  of  the  universities  was  altogether  insuffi- 
cient to  meet  even  a  moderate  expansion  in  the  demand  for 
research.  The  annual  number  of  students  graduating  with 
first  and  second-class  honours  in  science  and  technology 
(including  mathematics)  in  the  Universities  of  England  and 
Wales  before  the  war  was  only  about  530，  and  of  these  but  a 
small  proportion  will  have  received  any  serious  training  in 
research.  We  have  frequently  found  on  enquiry  that  the 
number  of  workers  of  any  scientific  standing  on  a  given  subject 
of  industrial  importance  is  very  limited. 

It  is  in  our  view  certain  that  the  number  of  trained 
research  workers  who  will  be  available  at  the  end  of  the  war 
will  not  suffice  for  the  demand  that  we  hope  will  then  exist. 
We  are  too  apt  to  forget  in  thiy  country  that  witli  industry  as 
with  war,  a  brilliant  group  of  field  officers,  and  even  a  well- 
organised  general  staff,  needs  armies  of  well-trained  men  in 
order  to  produce  satisfactory  results.  Our  people  have  no 
reason  to  fear  or  envy  the  scientific  pioneers  of  other  races. 
They  have  had,  and  will  probably  continue  to  have,  their  full 
share  of  tlie  outstanding  minds  to  which  each  century  gives 
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birtli,  but  as  time  goes  on  the  sphere  of  the  solitary  worker 
tends  to  become  relatively,  if  not  absolutely,  smaller.  Effec- 
tive research,  particularly  in  its  industrial  applications,  calls 
increasingly  for  the  support  and  impetus  that  come  from  the 
systeniatised  delving  of  a  corps  of  sappers  working  intel- 
ligently, but  under  orders.  We  have  not  yet  learned  how  to 
make  the  most  of  mediocre  ability ― particularly  in  things  of 
the  mind ― yet  without  the  scientific  rank  and  file  it  will  be 
impossible  to  staff  the  industrial  research  laboratories  which 
are  coming,  as  to  fight  a  European  war  with  seven  divisions. 
There  is  as  much  place  and  need  for  plodding  labour  in 
scientific  research  as  in  other  kinds  of  work. 

The  responsibility  for  dealing  with  the  grave  situation 
wliicli  we  anticipate  rests  with  the  education  departments  of 
the  United  Kingdom.  We  shall  be  able  to  do  something  to 
encourage  a  longer  period  of  training  by  the  offer  of  research 
studentships  and  the  like  ；  but  that  will  not  suffice.  It  is 
useless  to  offer  scholarships  if  competent  candidates  are  not 
forthcoming,  and  they  cannot  be  forthcoming  in  sufficient 
numbers  until  a  larger  number  of  well-educated  students  enter 
the  universities.  That  is  the  problem  which  the  education 
departments  have  to  solve,  and  on  the  solution  of  which  the 
success  of  the  present  movement,  in  our  opinion,  largely 
depends. 

As  regards  the  second  condition  of  success,  progress  in 
co-operative  effort  is  undoubtedly  being  made  in  many  direc- 
tions, and  we  have  mentioned  some  instances  of  it.  But  we 
wish  to  point  out  that  there  are  specially  strong  rea^^ons  for 
more  co-operation  between  the  various  British  firms  in  each 
industry,  and  between  the  industries  and  the  State,  in  the 
furtherance  of  research.  The  par- 
ticular difficulties  encoinitered  in 
the  day-to-ciay  routine  of  manu- 
facture, the  possibility  of  improving 
a  process,  of  diiniiiishing  cost  of 
working,  enlarging  output  or  en- 
hancing the  quality  of  a  product , 
are  matters  which  we  may  expect 
t  he  individual  firm  to  attack  directly 
it  begins  to  believe  at  all  in  the 
application  of  science  to  its  own 
trade.  But  this  is  not  enough. 
We  are  looking  to  the  growth 
of  a  demand  for  fundamental 
research,  and  fundamental  re- 
search, as  we  have  seen,  requires 
a    very    large     expenditure  on 

brains  and  equipment.  It.  also  requires  continuous  effort. 
The  firm  that  starts  out  upon  this  quest  must  either  be  very 
powerful  or  it  nuisL  find  the  necessary  strength  in  association 
with  others.  If  the  general  level  of  manufacture  can  be 
rapidly  raised  by  co-operative  effort  in  the  exchange  of 
information  between  firms,  and  in  the  support  of  national 
trade  institutes  for  research,  as  well  as  in  the  improvement  of 
the  conditions  and  efficiency  of  labour,  tliis  country  will  have 
gone  far  towards  establishing  its  industrial  prosperity  on  a 
ii  rm  basis. 

The  econoiiiic  problem  lies  outside  our  pi'ovim'e,  but  it  is 
an  important  aspect  of  the  great  issue  with  which  we  are  con- 
cerned, and  we  do  jiot  believe  that  issue  can  be  met  effectively 
unless  a  co-orclinated  advance  is  made  siiiuiltaiieously  on  the 
whole  front.  We  tliink  it  possible  that  the  voluntary  efforts 
of  manufacturers  in  friendly  union  which  enabled  the  problem 
of  munitions  to  be  rapidly  solved,  may  lead  to  a  new  kind  of 
reciprocity  be  I  wee  ii  firms  wliicli  will  avoid  the  evils  both  of 
monopoly  and  of  individualism.  We  think  that  as  people 
liave  learned  to  combine  against  the  risk  oC  fire  or  shipwreck 
without  losing  either  initiative  or  freedom,  so  firms  may  come 
to  Icok  upon  expenditure  for  research  as  a  necessary  kind  of 
insurance.  It  is  certain  that  the  costs  to  be  met  will,  on  any 
adequate  estimate,  have  to  be  counted  not  by  tens  of  thousands, 
nor  even  by  hundreds  of  thousands. 

We  have  repeatedly  spoken  in  the  pages  of  this  report 
about  the  initiation  of  paiticnilar  researches  and  the  solution 
of  particular  problems.  Tt  has  been  the  inevitable  con- 
coinitaiit  of  the  liiie  of  procedure  we  have  advisedly  selected. 
But  if  it  is  supposeJ  that  nto.Ieni  industry  can  be  developed  or 
even  maintained  by  a  process  of  detailed  investigations,  a 


series  of  particular  enquiries,  however  careful,  tiie  time, 
trouble,  and  expense  involved  will  be  largely  wasted.  Such  a 
sui)position  is  based  on  fallacious  conceptions  of  the  manner  in 
wliicli  scientific  research  proceeds,  and  of  the  way  in  which  the 
great  scientific  industries  have  been  built  up.  It  is  impossible 
for  the  most  acute  investigator  to  be  sure  that  a  particular 
line  of  research  will  lead  to  a  positive  result :  on  the  other 
hand,  it  will  often  suggest  a  diverging  enquiry  that,  if  fol- 
lowed up,  may  produce  results  even  more  valuable  than  the 
original  question.  Such  loose  ends  litter  the  laboratories  of 
firms  which  confine  themselves  to  questions  of  the  moment. 
They  lead  straight  to  the  basic  theory  of  a  subject,  to  the  roots 
that  strike  down  into  pure  science.  They  are  infinite  in 
number,  and  interminable,  as  the  man  of  pure  science  knows 
well  :  but  tliey  also  often  yield  results  that  revolutionise  those 
industries  which  are  empirical  in  their  methods ― as  what 
industry  is  not  ？ ― and  give  that  control  over  nature  which  it 
is  the  object  of  all  science,  whether  pure  or  applied,  to  secure. 
The  discovery  of  tlie  structure  of  the  indigo  molecule  led  not 
merely  to  the  synthetic  maniifacture  of  this  blue  dye,  but  has 
enabled  the  chemists  to  produce  a  number  of  new  substances  of 
analogous  structure  and  different  shades  of  colour. 

Research  of  this  order  does  not  cease  when  a  problem ― 
even  if  it  be  as  complicated  as  synthetic  indigo —— has  been 
solved.  It  must  be  continuous  in  its  operation,  and  its  rami- 
fications will  spread  as  knowledge  grows.  It  will  inevitably 
tend  to  briijg  industries  into  intimate  relation,  which  are  at 
present  independent  of  eacli  other,  to  transform  what  has 
hitherto  been  crafts  into  scientific  industries,  and  to  require 
co-operation   not  only  between    different  firms  in  the  same 
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Fig.  3.  Fig.  4. 

Ch.uioixg  of  Two-cyclk  Gas  Engines. 

industry,  but  between  groups  of  industries  in  a  continuously 
widening  series  of  inter-related  trades.  The  forces  which  are 
at  work  in  this  direction  have  elsewhere  found  their  expression 
in  connection  with  the  trust  and  the  combine ;  but  we  believe, 
if  the  real  nature  of  these  forces  is  clearly  grasped,  that  it 
will  be  possible  to  organise  tliem  for  the  benefit  not  only  of  the 
industries  but  of  the  nation  as  a  whole. 


CHARGING  OF  TWO-CYCLE  GAS  ENGINES. 

A  PATENT  recently  granted  to  Messi\s.  Mather  &  Piatt,  Ltd., 
and  John  Davidson,  of  Park  Works,  Manchester,  relates  to  the 
distribution  of  the  working  fluid  for  two-cycle  interiial-coni- 
bustiou  engines,  and  particularly  to  the  valveless  type  of 
engine  in  which  two  pistons  are  used,  one  of  which  controls 
the  admission  and  the  other  the  exhaust.  The  main  object  of 
the  invention  is  to  provide  a  simple  means  of  distributing  the 
air  and  gas  so  as  to  ensure  a  pure  air  scavenge,  under  all  con- 
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(Hlioiis  load,  ami  a  proportioned  tlol ivory  of  niixtuio  、、lii('l» 
can  he  entirely  uiulor  conlrol  of  the  "u)v("'mir.  Kii;s.  1  to  4 
show  a  double-acting  with  gas  and  air  H»;"""ng  pumps 

ooinhined  witli  the  engine.  A  and  B  are  the  two  working 
cylinders,  with  connecting  passages  at  C.  The  two  pistons  I) 
and  E  work  together  and  are  coupled  to  the  same  crank,  but 
the  crank  to  which  the  exhaust  piston  E  is  coupled  leads 
slightly,  in  order  to  open  the  exhaust  ports  F— and  so  relieve 
the  pressure  in  the  oylinders— before  tlie  scavenge  air  is 
admitted.  Around  the  inlet  cvliiuler  A  a  belt  containing 
three  separate  passages  J，  L,  N  is  formed.  Three  rows  of 
ports  are  also  formed  in  the  cylinder  barrel  as  shown.  The 
centre  row  G  are  the  mixture  ports,  and  the  outer  rows  II  and 
T  are  the  scavenge  ports.  Tlie  scavenge  })orts  are  in  direct 
cominunicatiou  with  the  air  pump  by  means  of  the  passage  J 
round  the  belt,  and  the  connecting  passage  K.  Tlie  mixture 
ports  G  admit  both  gas  and  air.  The  passage  L  round  the 
belt  is  in  direct  communication  with  the  air  pump 一 but 
entirely  separated  from  the  passage  J ― by  means  of  connecting 
passage  M.  The  gas  is  delivered  from  the  gas  pump  through 
passage  O  to  belt  passage  N，  and  escapes  through  the  small 
perforated  pipes  P  into  the  mixture  ports  G，  where  it  mixes 
with  the  air  delivered  from  passage  L  at  the  entrance  to  the 
cylinder.  Another  belt  Q  is  formed  round  the  exhaust 
cylinder  B,  to  carry  away  tlie  exhaust  when  escaping  from 
ports  F-  R  is  the  gas  pump,  and  S  the  air  pump,  the  inlet 
and  outlet  to  same  being  controlled  by  means  of  piston  valves 
driven  from  eccentrics  fixed  to  the  crankshaft.  Between  the 
piston  valve  of  the  air  pump  and  the  inlet  cylinder  A  is  placed 
another  piston  valve  V,  driven  from  the  same  spindle  as  the 
gas  piston  valve.  The  object  of  this  valve  is  to  distribute  the 
air  to  the  scavenge  passage  K  and  the  mixture  passage  M. 
Delivery  from  the  air  pump  takes  place  through  ports  W  to 
the  space  around  valve  V,  and  the  cut  off  edges  of  valve  V  at 
X，  Y，  Z  control  the  passage  of  air  to  the  passages  K  and  M. 

Assume  that  tlie  working  pistons  D  and  E  are  Hearing  the 
end  of  their  downward  stroke.  The  exhaust  piston  E  first 
uncovers  the  exhau&t  ports  F  a  little,  and  the  pressure  in  the 
cylinders  is  reduced.  Immediately  afterwards  the  inlet  piston 
D  uncovers  the  scavenge  ports  H,  and  pure  air  is  admitted  to 
drive  out  the  remaining  exhaust  gases.  As  the  piston  D 
moves  further  downward,  it  uncovers  the  mixture  ports  G，  and 
a  charge  of  gas  and  air  flows  into  the  cylinder.  Almost  at  the 
same  moment  the  delivery  of  air  through  the  scavenge  ports  H 
is  cut  off，  as  the  edge  X  of  valve  V,  which  is  now  moving 
upwards,  cuts  off  the  supply  of  air  to  passage  K  and  so  to  the 
scavenge  passage  J  in  the  belt.  While  the  edge  X  closes 
passage  K,  edge  Y  opens  the  supply  of  air  to  mixture  air 
passage  M，  and  so  to  passage  L  in  the  cylinder  belt.  The 
charge  continues  to  flow  into  the  cylinder  until  the  piston  D 
closes  tlie  ports  G  on  tlie  upstroke,  but  just  before  it  closes  the 
scavenge  ports  H,  the  edge  Z  of  piston  valve  V  slightly 
uncovers  the  scavenge  air  port  U  and  allows  pure  air  to  flow 
through  the  passages  K  and  J，  and  so  clear  out  any  mixture 
which  may  have  been  pressed  into  the  scavenge  ports  H  of  tlie 
inlet  cylinder  A.  The  object  of  this  second  blow  through  is 
to  ensure  a  pure  air  scavenge  when  the  ports  are  again 
uncovered.  The  order  of  events  for  the  top  half  of  the 
cylinders  only  has  been  described,  as  for  a  single-acting  engine, 
but  precisely  the  same  events  take  place  on  the  bottom  side  in 
the  case  of  a  double-acting  engine  as  shown  in  the  illustrations. 


INDUSTRIAL  APPLICATIONS  OF  ZINC* 

BY    ERNEST    A.     SMITH,    A.R.S.M.,    M.INST. M.M. 

The  zinc  obtained  by  the  distillation  process  in  America  is 
generally  sufficiently  pure  for  industrial  purposes,  but  in 
Europe  it  may  contain  from  2*0  to  3  0  per  cent,  of  lead,  about 
0'3  per  cent  of  iron,  and  small  ainounts  of  cadmium.  To 
remove  these  impurities  the  metal  is  liquated  in  large  rever- 
beratory  furnaces  with  sloping  hearth,  holding  from  20  to 
30  tons  of  metal.  The  refined  metal  is  cast  into  slabs  about 
ITiin.  by  8iin.  by  2iin,,  weighing  from  451bs.  to  501bs.，  and 
bearing  the  name  of  the  smelting  company.      The  following 

•  From  a  paper  entitled  "The  Development  of  tlie  Spelter  Industry."  read 
before  the  Institute  of  Metals,  September  20tli,  1916. 


iiialysos  of  brands  of  vir^i  spell  rr,  hy  .) .  S.  (1  IVimn'se,  iruiy 
K'  taken  as  typical  : -一 


Brand. 

Lead. 

Iron. 

Cadmium. 

Tin. 

Per  ecui. 

Per  cent. 

Pen  (！ ent. 

Per  cent. 

I'PI'rr  Hunk  (Ki»«;lish)  

2.55 

O-lf) 

().()« 

0.1)5 

\',M.(;.  (Hrl^Murn)  

<Mm 

0.2(» 

Nil. 

().<)：{ 

Mi)iUa>ni('  (  Mi'l;_^ium ) .... 

0.04 

(».07 

Nil. 

1.()；{ 

0-04 

ih(}2 

0-07 

La/yliuttc  ( rpjuT  Silesia)  

1.12 

0.(»2 

().()I7 

Nil. 

I'ipiiK'  Elect I'olylic  (Upper  Silesia) 

0*()(> 

0.01 

().(H)r> 

thif'2 

It  is  necessary  to  differentiate  between  spelter  and  iiiie 
zinc,  for  which  latter  there  is  a  growing  demand.  The 
highest  grades  of  zinc  are  generally  prepared  by  tlie  einplov- 
meiit  of  pure  ores,  and  redistillation  of  ordinary  spelter, 
but  some  are  prepared  by  electrolysis.  Zinc  intended  for  the 
manufacture  of  brass  which  has  to  undergo  severe  mechanical 
treatment,  as  in  the  manufacture  of  cartridge  cases,  should  be 
of  good  grade  and  contain  not  more  than  O'l  per  cent,  lead, 
and  0'05  per  cent,  of  iron. 

The  galvanised  iron  industry  probably  accounts  for  about 
60  per  cent,  of  the  world's  consumption  of  spelter,  while  the 
manufacture  of  brass  probably  utilises  another  20  or  even 
25  per  cent.,  the  remaining  15  to  20  per  cent,  being  used  for 
conversion  into  sheets  and  for  minor  uses,  such  as  the  produc- 
tion of  allovs.  Formerly  the  onlv  process  adopted  for 
galvanising-  was  that  invented  by  Crawford  in  1837  which  con- 
sisted ill  dipping  the  sheets,  wire,  or  manufactured  goods  into 
a  bath  of  molten  zinc,  after  preliminary  treatment  by 
'' pickling  "  or  "  sand-blasting  '， 一 the  method  being  known  as 
" hot  galvanising."  During  the  last  few  years,  however,  this 
method  of  obtaining  a  zinc  coating  has  had  formidable  com- 
petitors ill  the  deposition  of  zinc  electrolytically,  and  the  pro- 
cess known  as  "  Sherardising." 

The  advantages  of  the  electrolytic  method  are  mainly : 
(1)  greater  economy  in  tlie  use  of  the  metal  ；  (2)  more  com- 
plete control  of  the  thickness  of  the  coating  on  various  sur- 
faces ； and  (3)  its  applicability  to  the  covering  of  iron  or  steel 
articles  which  have  been  subjected  to  any  special  heat  treat- 
ment-thus  necessitating  coating  at  the  ordinary  temperature 
of  air  and  not  at  that  of  molten  zinc.  On  the  other  liand,  the 
surface  is  dull  or  dead,  and  not  so  pleasing  in  appearance  as 
that  obtained  by  the  older  method.  The  hot  galvanising 
process  was  responsible  for  the  production  of  practically  all  of 
the  850,000  tons  of  galvanised  sheets  and  wire  exported  from 
the  United  Kingdom  in  1913. 

The  dross  obtained  at  galvanising  works  is  frequently  con- 
centrated to  about  9  per  cent,  iron  by  remelting  and  skimming 
off  the  purer  spelter  from  the  top,  after  which  it  is  redistilled. 
The  enormous  prices  of  zinc  of  the  past  year  have  practically 
brought  galvanising  to  a  standstill,  and  has  led  to  the  adoption 
of  substitutes,  such  as  '、  galvanising  ，'  with  lead,  which  may  in 
some  cases  prove  to  be  permanent.  Although  it  is  not  easy 
to  alter  the  current  of  consumption  of  a  world-wide  conimoditv 
like  galvanised  sheets,  the  possibilities  of  substitutes,  once  tlie 
buyer  is  familiarised  with  them  and  finds  them  cheaper,  is 
obvious.  Experience  to-day  sugg^ests  that  substitutes  for  zinc 
are  having  their  opportunity,  and  will  doubtless  hold  some  of 
the  ground  they  have  temporarily  gained. 

The  electro-deposition  methods  of  'galvanising''  are  now 
prominently  to  the  fore  and  their  use  is  increasing,  since  Ihev 
possess  several  important  advantages  over  hot  galvanising. 
Although  a  large  number  of  solutions  have  been  tried  for 
electi'o-zincing,  the  general  consensus  of  opinion  amongst 
practical  operators  is  that  solutions  of  the  sulphate,  either 
alone  or  with  other  salts,  give  for  general  purposes  the  most 
reliable  results  obtained  up  to  the  present,  with  the  minimum 
of  trouble  in  working. 

In  the  process  of  dry  galvanising,  known  as  Sherardising, 
which  is  growing;  in  importance,  the  iron  and  steel  articles, 
after  being  thoroughly  cleaned  by  pickling,  are  heated  in 
metal  drums,  or  boxes,  in  contact  with  zinc  dust  at  a  tempe- 
rature of  from  26(F  C.  to  425°  C.  Partial  vaporisation  of  the 
zinc  dust  takes  place,  the  vapour  condensing  on  the  surface  of 
the  iron  articles.  It  is  stated  that  the  best  results  are 
obtained  when  the  zinc  dust  contains  50  per  cent,  of  metallic 
zinc.  The  inner  layers  of  the  coating  are  said  to  consist  of  a 
zinc-iron  allov.    The  Sherardised  surface  is  light  grey,  with 
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liiatle  finish,  but  it  is  capable  of  receiving  a  high  polish  and 
made  to  resein'ole  nickel  plate.  The  SheraixHsiiig  process  is 
economical,  ai)d  yields  a  superior  prodiu-t .  This  process  will 
doubtless  receive  more  attention  in  the  future  than  has 
hitherto  been  accorded  to  it. 

Zinc  exhibits  its  greatest  degree  of  ductility  and  malle- 
ability between  100*^  C.  and  150  C.，  between  which  tempe- 
ratures it  is  rolled  into  sheets.  The  metal  used  for  this  pur- 
pose must  not  be  too  high  in  lead  and  iron.  According  to 
Prost  and  Van  de  Casteele,  lead  does  not  interfere  with  the 
lolling  qualities  when  below  125  per  cent.,  but  that  any 
increase  above  this  is  injurious.  Cadmium  is  injurious  if 
above  0'25  per  cent.,  whilst  arsenic  and  antimony  are  harmful 
from  0  02  per  cent-,  upwa rds,  arsenic  in  particular  having  a 
very  hardeiuii*)^  effect.  As  little  as  0  01  per  cent,  of  tin  has 
a  bad  effect.  Copper  below  O08  per  cent,  has  no  effect,  or 
iron  below  0.12  per  cent. 

In  the  maiuit'acture  of  rolled  zinc  the  usual  practice  is  to 
cast  the  metal  into  thin  plates,  or  ingots,  which  while  still  hot 
are  rapidly  passed  through  rolls  until  the  desired  thickness  is 
attained.    Most  of  the  zinc  rolling  is  done  on  the  Continent, 


tin,  especially  the  two  former,  accelerated  very  proiioiiiicedly 
the  rate  of  corrosion,  more  or  less  independently,  of  the  actual 
percentage  of  impurity  present. 

The  employment  of  zinc  for  the  manufacture  of  seamless 
pipes  for  water  supply  has  been  advocated  in  recent  years. 
The  pipes  are  made  from  pure,  "hard"  zinc,  and  have  a 
diameter  up  to  80  mm.  They  can  be  tin-lined  if  required. 
Two  pipes  can  be  joined  in  the  usual  manner  by  widening 
the  end  of  one  and  inserting  the  end  of  the  other,  or  by 
covering  the  adjacent  ends  with  a  sleeve,  and  soldering.  Tin 
solder  is  used,  preferably  with  a  stearine  flux.  The  manu- 
facture of  the  pipes  is  simple,  and  1  heir  l)ending  is  easy.  The 
pipes  ai e  as  useful  for  water  supply  as  lead  pipes,  and  have 
the  advantage  of  being  much  safer  from  a  hygienic  standpoint, 
as  no  injury  has  been  found  to  arise  from  the  traces  of  zinc 
which  a  re  dissolved  by  water.  Zinc'  is  cheaper  than  lead  for 
this  purpose,  and  on  account  of  its  lightness  the  pipes  do  nou 
require  such  strong  wall  supports  as  lead  pipes.  A  pressure 
of  500  atmospheres  is  required  to  burst  the  pipes.  These  pipes 
cannot,  however,  be  used  for  a  hot  water  supply,  on  account 
of  the  great  expansion  of  zinc.    In  some  recent  tests  by  Rinct, 
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Alloy. 


Anti-triction  Metals ― 

Auti-fnction  metal  . 

Babbita'  metal  (so  called)  . 

Bearing  metal  . 

hard  . 

M         "     medium  hard  . 

Lumen  bearing  metal  . 
SpA^al       ,,        ,,        •  , 
Vaucher'a  alloy      ,       ,        ,  . 
Brasses — 

Alumioium  brass  . 
Best  yellow  brasa  . 
Brasa  .  . 

,，       to  be  machined  . 
C'aat  brass  {so  called),  very  variable 
Nttval  brass  . 
Ordinary  braaa  . 
Aich'tj  metal  . 

Delta  metal  {average  composition) 
Mimtz  metal  . 
Paraon'a  white  •'  bras.*^  "  . 
St«rro  metal  . 
Brazing  solder  . 
Bronzes —— 
Coinage  bronze  (British)  . 
Uun  metal  . 

Manganese  broiize  . 
" Qerman  Silvers  "  (so  culled) ~ 

Fireta  

Seconds         .  . 
Thirds 

Fourths         .  . 
Fifths  ； 
Af  iac  dla  neous  一 

Atlmiralty  metal  , 
Ash  berry  int^tal  , 
Motor  alloy  . 
White  buttoa  motAl 


CompositioD  per  Cint. 


Zinc. 


380 
30-0 


4:i.O 


360 
28-6 


Nickel-^. 


30 


25 


Iron. 


2-6 


Alu- 
minium, 


50 


20 


Remarks. 


For  locomotive  axles. 
Daintier  motor- bus  bearings. 
For  jouroal  lining. 


Sheet,  wire,  tubes,  cartridges,  &c. 
―  adea. 
Qdeoser  tubes.    Adtniiulty  spociiicatio 


Higl 


b-presdure  turbiDti 


880 


Admiralty  apecificatioii. 
Wires,  sheeU*  Ac. 

Sheatliing. 


Admiralty  No.  1. 

Admiralty  No  2a.  to  reaist  high  pressure. 
0-5  Mn  (composition  varies). 


For  work  under  water. 
Other  metals  3  per  cent. 
Light  alloy  for  motor-car  work . 


Compiled  from  tables  in  Law's  Alloys,  and  other  sources. 


where  the  sheet  metal  is  largely  used  for  roofing.  The  chief 
rolling  mills  are  in  Silesia  and  Belgium.  Zinc  rolling  is  also 
carried  on  to  a  limited  extent  in  America  and  in  this  country. 

Within  recent  years  thick  rolled  zinc  plates  have  been  used 
to  prevent  corrosion  of  the  plates  in  marine  boilers.  For  this 
purpose  they  are  drilled  and  bolted  into  position.  Owing  to 
its  i)eiiig  highly  electropositive  the  zinc  is  first  attacked  by 
the  corrosive  influences,  ami  can  be  renewed  when  necessary. 
Rolled  zinc  plates  of  specially  liigh  quality  find,  according  to 
Moulden,  important  use  in  the  photographic  reproduction  pro- 
cesses known  as  photo-zincography,  and  in  photo-etching. 
Thill  zinc  sheeting  stamped  with  varied  ornamental  designs  in 
relief  lias  of  recent  years  found  a  very  considerable  use  for 
ceilings. 

Mention  may  also  be  made  of  the  use  of  thin  sheet  zinc  for 
domestic  articles,  such  as  bath-tubs,  pails,  toys,  &c.  Zinc  rods 
fiml  application  in  battery  cells  for  electrical  work.  They  are 
jjioparecl  for  this  purpose  by  casting,  rolling,  or  extruding  the 
metal.  Tt  is  stated  that,  the  life  of  rods  made  from  fine  zinc 
is  much  longer  than  those  made  from  ordinary  spelter.  In 
t his  connection  it  may  be  noted  that ,  as  the  result  of  a  series 
of  tests  on  the  corrosion  of  commercial  zincs  of  various  com- 
posiiions,  E.  Prost  arrived  at-  the  following  conclusions.  The 
presence  in  zinc  of  lead,  cadniiuin,  or  iron  in  larger  proportion 
than  usually  f()i"i(l  in  refined  zinc  leads  to  increased  corrosion 
by  acids.    Mi  nut  e  quantities  of  arsenic,  antimony,  copper,  or 


tap-water  of  medium  hardness  was  sealed  up  in  large  zinc 
pipes  with  air  excluded.  After  a  year  the  amount  of  dissolved 
zinc  was  'J  to  3  milligrammes  per  litre.  Physiological  tests 
over  a  long  period  with  water  containing  7  to  8  milligrammes 
of  zinc  per  litre  gave  no  indications  of  injurious  results. 

Amongst  the  applications  of  metallic  zinc  must  be 
included  the  use  of  so-called  zinc  dust,  or  blue  powder.  In 
addition  to  Us  use  in  the  Sherardising  process,  it  is  now  largely 
used  as  a  precipitant  for  gold  in  the  cyanide  method  of  gold 
extraction,  and  is  gradually  replacing  the  zinc  shavings 
formerly  used  for  this  purpose.  Zinc  dust  is  also  largely  used 
as  a  reducing  agent  in  the  dyeing  and  textile  industries,  and  is 
useful  as  a  jirecipitant  for  the  removal  of  impurities,  such  as 
copper,  antimony,  &c.，  from  electrolytic  solutions.  The  com- 
mercial value  of  zinc  dust  depends  upon  its  content  of  zinc  in 
the  metallic  state,  and  the  best  grades,  according  to  Moulden, 
contain  from  86  per  cent,  to  92  per  cent,  of  zinc  in  the  metallic 
condition.  In  13  samples  of  commercial  zinc  dust  from  diffe- 
rent sources,  examined  by  Herz,  the  percentages  of  lead, 
cadmium,  and  zinc  oxide  varied  between  015  and  5"20,  0*00 
and  3"90,  and  6'30  and  1 7*85,  respectively. 

Metallic  zinc  is  also  used  in  the  Parkes  process  for  the 
desilverisation  of  argentiferous  lead,  and  for  the  reduction  of 
silver  chloride  produced  in  the  refining  of  gold  bullion.  Small 
percentages  of  zinc  also  enter  into  the  composition  of  a  large 
lumiber  of  conimercial  alloys.    In  Inuja  it  has  long  been  used 
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bv  na(  ivo  silvtMsmil  lis  for  alloy iiiL^  wil  h  silver  lor  I  lie  |>ni 山 i(' 
ti'ou  (、r  silvor  waros.  Alloys  used  t'(»r  t  his  purpose  oxarniiiod 
by  tl"、  mil  hor  I'ont  aiiiod  on  iin  ;ivt'r;i"e  (')(>  |>("'  cent,  silver  and 
1()  j)or  cent.  ziiu*. 

Tiio  ;u'conij)anyini»;  table  shows  tlic  composition  ol"  typical 
industrial  alloys  in  which  zinc  is  an  important  const iliient. 
AiHono'st  the  newor  zinc  alloys  imwt  he  iiieiiiioiiod  those  ol 
jilumiiiiiun-zinc,  which  are  largely  used  for  Hgl"  castings 

in  the  autoiuohile  iiulustry.  For  tliLs  purpose  the  alloys  con- 
tain usually  t'roin  10  to  20  per  cent,  of  zim'，  with  the  addilion 
of  a  siiiiiU  quantity  of  copper.  The  alloys  in  t,he  aluminium: 
zinc  series  ooalainiiig  more  than  40  per  cent.  a])|)our  to  ho  of 
no  practical  value.  The  alloys  comparatively  high  in  aluriii- 
niiun  are  very  light  and  strong.  Those  coiitaiiiiiig  up  to 
If)  per  coul .  of  zuic  are  soft  enough  to  be  rolled  or  drawn, 
while  heyoitd  this  amount  the  alloys  are  hard  and  more  suit- 
able for  castings,  as  they  are  easily  worked. 

In  ahutiiiiiiuii  foiuuling  zinc  is  largely  used  as  an  alloying 
metal,  up  to  one-third  the  weight  of  the  aluminium  ；  it  assists 
in  the  production  of  sound  castings,  and  incidentally  raises  the 
tenacity  very  materially.  In  the  opinion  of  a  recent  writer, 
the  sii<i;gestion  that  the  ahniiiiuuni-ziiic  alloys  are  unreliable 
and  likely  to  break  down  tliroiigh  disintegration,  has  not  been 
proved  to  be  a  serious  difficulty.  The  writer  further  points 
out  how  essential  it  is  to  control  the  casting  teni])erature  of 
such  alloys.  From  tests  made  by  Bancroft,  it  appears  that 
with  the  addition  of  zinc  to  aluminium  the  tensile  strength 
gracluallv  rises  to  15*5  tons  per  square  inch  at  30*0  per  cent, 
zinc.  There  is  tlien  a  steady  fall  to  110  tons,  with  96  per 
cent,  zinc,  and  with  further  additions  the  decrease  in  strength 
is  very  rapid.  The  ductility  of  aluininium  is  lowered  by  zinc, 
falling  to  5*0  per  cent.,  when  10  per  cent,  of  zinc  is  present. 
All  alloys  containing  more  than  10  per  cent,  of  zinc  give 
approximately  the  same  ductility,  namely,  about  2*5  per  cent. 
The  industrial  importance  of  the  aluminium-zinc  alloys  is 
gradually  being  more  fully  recognised. 

With  regard  to  zinc  in  alloys  for  bearings,  it  may  be  stated 
that  at  least  75  per  cent,  of  the  car  journal  bearings  in  use  on 
United  States  railways  contain  upwards  of  2  per  cent,  of  zinc. 
In  a  recent  investigation  on  the  effect  of  zinc  on  the  mecha- 
nical properties  of  copper-tin-lead  bearing  alloys,  Clanier  con- 
cluded that  alloys  containing  not  less  than  65  per  cent,  of 
copper,  and  approximately  5  per  cent,  of  tin,  up  to  20  per 
cent,  of  lead,  and  up  to  5  per  cent,  of  zinc,  should  be  satis- 
factory for  all  classes  of  car  journal  bearings.  With  an 
increase  in  the  amount  of  lead,  the  zinc  content  should  be 
correspondingly  diminished. 

In  the  author's  opinion,  the  extension  of  the  use  of  zinc  in 
the  future  will  be  dependent  in  no  small  degree  on  the  dis- 
covery of  new  alloys  suitable  for  industrial  purposes.  Much 
work  yet  remains  to  be  done  in  studying  the  influence  of  the 
addition  of  metals  such  as  nickel,  cobalt,  and  chromium  on 
commercial  zinc  alloys.  Thus  research  has  shown  that  the 
properties  of  certain  brasses  are  considerably  improved  by  the 
addition  of  small  amounts  of  nickel. 

Of  the  various  com  pounds  of  zinc  of  commercial  value, 
zinc  oxide  is  by  far  tlie  most  important.  It  is  largely  used 
as  a  pigiiient,  under  the  name  of  ziiic-white,  and  is  valued  for 
its  lack  oi'  discoloration,  as  it  is  not  blackened  by  sulphuretted 
hydrogen  like  white  lead,  for  which  it  is  a  substitute. 
Although  it  lacks  the  body  and  opacity  of  white  lead,  and  is 
non-poisonous,  it  has  good  covering  power.  The  zinc  oxide  of 
commerce  is  frequently  adulterated  with  barium  sulphate, 
sometimes  to  a  very  considerable  extent.  Considerable  quan- 
tities of  zinc  oxide  are  also  used  in  rubber  and  linoleum 
manufactures,  and  in  medicine  it  appears  in  zinc  ointment. 
The  bulk  of  the  zinc  oxide  of  commerce  is  made  direct  from 
zinc  ores  in  America,  while  it  is  also  prepared  in  Europe  by 
the  combustion  of  metallic  zinc. 

Other  compounds  of  zinc  of  industrial  importance  are  zinc 
sulphate,  or  white  vitriol,  and  zinc  chloride.  Both  these  are 
prepared  from  zinc  scrap  by  dissolving  it  in  sulphuric  acid 
and  hydrochloric  acid  respectively,  and  crystallising  out  the 
resulting  salt.  Zinc  sulphate  is  used  in  medicine  and  in  the 
textile  industries  as  a  mordant,  and  in  the  manufacture  of 
glue,  where  it  acts  as  a  clarifying  agent  and  preservative. 
Within  recent  years  zinc  sulphate  has  found  its  greatest- 
application  in  the  ni anufacture  of  litliopone,  used  as  a  pigment 
as  a  substitute  for  the  more  cosily  zinc  oxide. 

Lithopoiie,  which  is  a  mixture  of  zinc  sulphide  and  barium 
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ELECTRIC  POWER  DISTRIBUTION.* 

ItY    CIIARLKS    II.  MKlt/. 

" Tt  appears  that  .  •  •  the  coal  should  be  converted  . . . 
into  a  form  in  wliich  it  is  most  generally  applicable  to  all 
purposes  without  exception,  and  in  which  it  is  most  easily 
applied  to  all  our  wants,  and  is  at  the  same  time  in  a  fmm  in 
which  it  is  most  difficult,  to  waste  or  use  improperly. 

" We  arc  therefore  forced  to  tb.e  conclusion  tliat  the  only 
complete  and  final  solution  of  the  question  is  to  l)e  obtained 
by  the  conversion  of  tiie  whole  of  the  coal  which  we  use  for 
licat  and  power  into  electiicity,  and  the  recovery  of  its  by- 
pio  liicts  at  a  comparatively  small  iiuinbcr  of  great  eleciiicity- 
jyiochu'ing  stations.  All  our  wants  in  the  way  of  light,  power, 
beat,  and  chemical  action  would  then  be  met  by  a  supply  of 
electricity  distributed  all  over  the  country."  [Extract  from 
Presidential  Address  of  Mr.  S.  Z.  de  Ferranti  to  the  Institu- 
tion of  Electrical  Engineers  in  1910.] 

The  fuel  and  other  economies  and  the  industrial  advan- 
tages of  dealing  with  electricity  supply  for  the  country  as  a 
whole  in  a  comprehensive  manner ― although  appreciated  and 
acted  upon  by  many  of  those  who  are  in  the  electric-supply 
business ― are  not  generally  realised  to-day  by  the  industrial 
community  or  by  the  State.  The  compact  nature  of  our  indus- 
trial districts  and  their  proximity  to  each  other  as  compared 
with  those  of  other  countries,  such  as  the  United  States  and 
Germany,  makes  it  economically  possible  and  advantageous  to 
deal  with  all  the  power  requirements  of  the  community  in 
each  industrial  area  from  inter-connected  electrical  power- 
distribution  systems  tapping  all  sources  of  power,  however 
scattered,  and  delivering  electrical  energy  wlierever  required. 

Power  undertakings  (electric  power  companies)  liave  been 
started  in  most  of  the  industrial  areas  of  the  country,  and  if 
these  were  developed  throughout  the  country  to  the  same 
extent  as  the  system  which  has  been  for  some  time  in  opera- 
tion on  the  North-east  Coast,  it  is  estimated  that  the  resultant 
economies  in  coal  consumption  would,  in  the  near  future, 
aTiiount  to  25,000,000  tons  per  annum,  and  eventually  to 
50,000,000  or  60,000,000  tons  per  annum.  The  immense 
importance  of  this  to  the  country  is  realised  even  if  one  only 
considers  the  revenue  from  the  sale  of  this  quantity  of  coal 
if  it  were  exported. 

Another  way  to  look  at  it  is,  tliat  if  the  present  industrial 
power  requirements  of  the  country  were  supplied  as  cheaply 
as  they  could  be  from  such  a  comprehensive  system,  there 
could  be  such  an  expansion  of  ind ustry  tliat  present-day  power 
requirement's  might  hi  no  great  time  be  more  than  doubled. 
Yet  there  would  be  no  necessity  for  increased  coal  consump- 
tion for  the  simple  reason  that  under  such  conditions  we  could 
use  our  coal  at  least  twice  as  efficiently.  The  economical 
generation  of  electricity  implies  the  use  of  the  largest  possible 
prime  movers  and  the  running  of  sucli  machines  at  as  steady 
a  load  as  possible,  since  only  under  these  conditions  is  the 
highest  possible  coal  economy  attainable. 

While  on  the  North-east  Coast  and  also  in  some  other  dis- 
tricts tlie  generation  and  supply  of  electrical  power  is  being 
developed  on  correct  lines,  it  is  still  broadly  true  to  say  that 
as  regards  the  country  as  a  whole  the  requirements  of  each 
municipal  area  are  dealt  with  separately,  with  tlie  result  that 
the  average  size  of  generating  machine  employed  is  certainly 
not  more  than  a  tenth —— and  probably  not  more  than  a 
twentieth — of  what  it  ought  to  be.  Under  such  conditions 
economical  coal  ccmsuniption  is  impossible.  The  result  is 
cumulative  because,  on  account  of  the  small  size  of  generating 
niaohine  employed  in  public  stations  and  the  consequent  low 
economy,  manufacturers,  railway  companies,  and  other  large 
power  users  in  many  districts  are  still  compelled  to  run  power 
plants  of  their  own,  and  tlie  use  by  many  manufacturers  of 
their  own  plant  further  reduces  the  average  size  of  power- 

*  Paper  read  before  Sections  B  and  G  of  the  British  Association  at  Newcastle 
Sei)teniber,  3916. 
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generating  machines,  taking  the  country  as  a  whole.  The 
only  way  in  which  public-supply  stations  can  secure  the  busi- 
ness of  supplying  all  the  niamifactories  in  their  neighbourhood 
is  to  have  generating  marhiiies  "im'h  larger  than  the  largest 
individual  manufacturer  could  find  use  for. 

If  instead  of  each  municipal  area  being  dealt  with  inde- 
pendently, there  were  one  uniform  iiiter-connet'ted  electrical 
power-distribution  system  throughout  each  industrial  area, 
as  we  now  have  practically  throughout  the  North-east  Coast 
district,  just  as  there  is  one  railway  system  throughout  the 
country  with  a  uniform  gauge,  it  is  clear  that,  on  account  of 
the  magnitude  of  the  resultant  load,  it  would  be  possible  to 
secure  the  following  results  ：  (1)  The  largest  and  most  econo- 
mical generating  inacliines  could  be  installed.  (2)  These  could 
be  located  where  large  sites  are  available  and  land  is  cheap  ; 
where  coal  and  water  facilities  are  good  ；  and  in  the  best 
position,  having  in  view  the  probable  eventual  power  require- 
ments of  the  whole  comnmnity,  including  factories,  railways, 
and  domestic  users. 

If,  on  the  other  hand,  each  municipal  area  is  dealt  with 
independently,  it  is  clear  that  in  many  cases  the  sites  on 
which  the  power-generating  plant  is  installed  must  necessarily 
be  cramped,  being  in  the  middle  of  large  towns  or  congested 
districts,  and  that  the  best  coal  and  water  facilities  will  not 
be  available. 

As  regards  reliability  of  supply ― an  essential  condition ― 
concentration  of  generating  capacity  in  large  units  in  con- 
junction with  a  main  electrical  power-distribution  system  is 
iiot  a  source  of  danger  but  the  reverse,  because  by  means  of 
such  an  inter-connected  distribution  system,  one  set  of  gene- 
rating plan  can  act  as  spare  to  another,  whereas,  according  to 
the  present  method  of  dealing  with  electricity  supply  by 
means  of  isolated  networks,  each  supplied  in  general  from  one 
generating  station,  there  is  no  duplication  of  generating 
stations  or  alternative  ways  of  feeding  a  given  area  whatever. 

Thus,  if  the  comnmnity  is  to  benefit  by  the  electric-supply 
industry  being  given  the  maximum  chance  of  development, 
and  if  the  erection  of  the  most  economical  generating  machines 
in  the  best  possible  positions  for  economical  production  is  to  be 
secured,  and  insisted  upon,  as  it  must  be,  by  some  central 
authority,  the  first  thing  to  aim  at  is  the  establishment  in 
each  industrial  district  of  a  common  inter-connected  electrical 
power-distribution  system. 

As  lias  already  been  indicated,  such  an  ideal  may  be 
achieved  in  this  country,  on  account  of  its  compact  nature, 
to  ail  extent  wliicli  is  not  possible  in  other  countries.  What 
is  required  is  co-operation  and  joint  working  between  the 
different  company  and  municipal  electric-supply  undertakings, 
and  this,  except  in  certain  cases,  has  not  been  possible  in  the 
past,  ckie  largely  to  Parliamentary  and  municipal  opposition. 
If  such  a  coni])lete  and  unified  system  of  mains  could  be  estab- 
lished in  eacli  industrial  area,  the  erection  in  the  best  situa- 
tions of  generating  plant  of  the  highest  economy  would 
naturally  follow.  That  this  has  not  been  done  in  the  past  is 
not  the  fault  of  the  electric  power  companies,  and  I  am  glad 
to  see  that  many  municipal  undertakers  are  now  as  convinced 
as  the  power  companies  that  this  joint  working  is  essential. 

Another  advantage  which  would  follow  the  erection  of 
plants  on  roomy  and  efficient  sites,  rather  than  on  crowded 
and  inefficient  sites,  is  that  this  would  materially  facilitate 
the  extraction  of  the  by-products  which  can  be  obtained  from 
the  coal  before  it  is  consumed  in  the  boiler  furnace,  wherever 
it  is  commercially  possible  to  do  so.  This  process  will  require 
large  sites.  Sucli  by-products  may  be  of  as  great  a  value  to 
tlie  CO  mm  II  nity  as  the  residue  of  fuel,  for  iliey  include :  (1) 
Sulphate  of  ammonia  and  other  products  of  value  as  manure 
and  as  raw  material  for  manufactures.  (2)  Benzol  and  other 
irnj)ortant  liydrocarbons,  of  value  in  the  dye  industry,  for 
example.    (3)  Oils,  including  motor  spirit. 

It  lias  been  calculated  that  the  recjuirements  of  the  country 
in  tlie  way  of  manures,  crude  oils,  oils  for  marine  propulsion, 
an d  motor  spirit  for  road  traction  can  all  be  largely  supplied 
as  by-j)roducts  of  our  own  normal  coal  consumption  if  only 
proper  encouragement  is  given  to  the  establishment  of  really 
economical  electrical  })ower-distributioii  systems  throughout 
the  country,  but  it  would  be  out  of  the  (juestion  to  carry  out 
siu-li  scliernes  in  large  towns. 

(To  be  continued.) 
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Specifications  of  the  folio  win  a  art  now  publish  ed,  and  we  shall 
he  pleased  to  fortrard  copies  post  free  on  receipt  of  8d.  Address 
" Mechanical  Engineer,''  53,  Nnv  Bailey  Street,  Manche.iter. 

MECHANICAL,  1915. 

V:ilvt、s  tor  interiial-conihnstion  entwines.  Wils 
V a  Ives  and  valve-actuating    nuM-liaiiisiii  for 

engines.    Umpleby.  12831. 
Hea t-retainin^  covers  for  use    on    engine    cylinder    heads  and 

Halites.     Brown.  1290o. 
Apparatus  for  determining    the    "critical"    or    "  conversion 

point  of  samples  of  iron  or  steel.    Simson.  12993. 
C'olla psihle  taps  for  screw  threads.    Austin.  1812o. 
Horint^  bars.    Austin.  13126. 

liow  water  safety  apparatus  for  boilers.  Chaiitrill  &  Haskins. 
13687. 

Change  gears.    Aichele.  14116. 

Devices  for  controlling  friction  clutches.    Brown.  15088. 

1916. 

Fuel-supply  devices .  for   explosion    motors.     FJlehainmor,   J.  C. 

Hansen  .    840.  ' 
Aii--pninj)  cylinders  of  internal-combustion    eiiji;inos.  ]\roLni'oii. 

W.  D,,  and  Welsh,  G.  M.    2149.  ' 
Cylinders  for  explosion  engines.    Clench,  E.  C.  S.  2740. 
Enirine  indicating  apparatus.   Ryder,  A.    3147  and  8148. 
Thrust  l)earings.    Akt.-Ges.  Brown.  Boveri,  et  Cie.    4 820. 
Split  helt  pnlley.    Nyberg,  C.  S.  4884. 
Internal-combustion  engines.    Wery,  E.  4931. 
Tiit<M  nal  combustion  engines.    Weger,  C.  J.  4933. 
Anti-friction  hearings.    Norma  Cie.  5350 
Aiiti  friction  】）eaiings.    Jones..  H.  Sefton-.  5474. 
Intern al-comhustioii  engines.    Bii^a.tti,  E.    厂) 992. 
Air  compressors.    Black.  8.  !),,  and  Decker,  A.  G.  G345. 
Inter nal-combustioii  engines.    Lozinski,  C.  6354. 
Boring  machines.    Downs,  C,  ami  Littlejolni.  AY.  B.  IIO80. 

ELECTRICAL.  1915. 

Electric  heaters  and  electric  heating  apparatus.    Marks.  8508. 

Tnoandescent  electric  】amps.    Simonotti  S:  Simonotti.  12708. 

Controllers  for  electric  motors.    Dey.    12810.  ' 

Arc  lamps.    Brockie,  and  Johnson  &  Phillips,  Ltd.    1307f)  and  13080. 

Klectric  motors.    Heys.  13481. 

Electric  transformers.    Thordarson,  13587. 

1916. 

Electric  circuit  controllers.    Igranic  Electric  Company.  124(5. 
Electric  heating  devices.    Heller^  L.  4901. 

Electrically  indicating  the  presence  of  saline,  alkaline,  or  acid 
impurities  in  feed-water.  Crock  a  tt,  W.  C.，  and  Bromell 
Patents  Company.  5163. 

Contiiiuons'Current  dynamos.  Allmanna  Svenska  Elektriska 
Aktiebolao;et.  ^5391. 

Dynamo-electric  power-transmission  apparatus  of  the  unipolar 
' type.    Jireslauer,  M.  9937. 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  3hd. 

Aluminium  ingot    —  per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  " 

,,        sheets       ,,   ，  一  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   1/3^  per  lb. 

，， tubes  (brazed)    ,， 

，，       ，， (solid  drawn)    l/^'l  ，， 

，，       ，， wire    V'^i  ，, 

Copper,  Standard    £110/10/- per  ton. 

Iron,  Cleveland    87/6  ，, 

，， Scotch    ―  " 

Lead,  English   £32/5/-  ，， 

" Foreign  (soft)   £30/10/- ，， 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，,  "       ，,         medium    3/6  to  6/-  ，， 

，，  ，，       ，，         large    7/G  to  14/- ，， 

Quicksilver    £17/12/G  per  bottle. 

Silver    32|(1.  per  oz. 

Spelter  (American)   £4()/-/-  per  ton. 

Tin,  block   -   £175/10/-  per  ton. 

Tin  plates,  I.C   35/-  per  box. 

Zinc  sheets    £72  per  ton. 
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Compound  Boiler  Explosions. 

Compound  boiler  explosions,  that  is  the  explosion  of  two  or 
more  boilers  in  the  same  group  together,  are  happily  a  rarity, 
but  when  they  do  occur  they  are  without  exception  exceed- 
ingly destructive.  The  last  explosion  of  this  kind  in  this 
c  oil  n  try  occurred  at  the  Distington  Ironworks,  near 
Workington,  seven  years  ago,  when  four  large  Lancashire 
boilers  out  of  a  group  of  eleven  burst  simultaneously* 
Although  we  speak  of  the  explosions  as  simultaneous,  inves- 
tigation invariably  reveals  that  one  boiler  bursts  in  the  first 
instance  and  that  the  others  follow  instantly  as  a  result  of 
the  disruptive  shock.  In  the  case  at  I hstington  it  was  shown 
altnost  beyond  (loubt  that  one  boiler,  which  had  just  under- 
gone cleaning,  had  been  isolated  from  the  safety  valve —— which 
was  fixed  on  the  same  outlet  as  the  steam  stop  valve 一 by  the 
insertion  of  a  metal  diaphragm  to  prevent  leakage  from  the 
stop  valve  annoying  some  men  who  were  inside  the  boiler 
cleaning,  and  that  afterwards  those  who  inserted  the  dia- 
phragm forgot  to  remove  it.  The  result  was  that  when  the 
boiler  was  started  again  the  pressure  steadily  accumulated  in 
the  isolated  boiler  until  it  exploded.  Such  blows  on  three 
of  the  other  boilers,  two  on  one  side  and  one  011  the  other, 
caused  them  to  burst  in  their  turn .  This  was  about  the 
tenth  explosion  of  lliis  kind  recorded  in  this  country, 
and  of  these  at  least  three  were  brought  about  by  excessive 
pressure  in  precisely  the  same  way  as  at  Distington,  namely, 
by  forgetting  to  remove  an  isolating  plug  inserted  into  the 
orifice  leading  to  it  with  a  view  to  prevent  the  steam  from 
a  leaky  stop  valve  entering  the  boiler  and  inconveniencing 
men  during  the  process  of  cleaning.  The  moral  of 
these  and  of  the  Distington  explosion,  as  we  pointed  out  at 
the  time,  was  that  every  boiler  should  be  equipped  with  at 
least  one  safety  valve  having  its  own  independent  connection, 

♦See  "The  Mochanical  Kotiineer,"  October  Isb.  pages  107,  437  and  443,  Vol.  XVXI. 
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so  that  it  could  not  be  isolated  even  if  the  orifice  to  the  stop 
valve  was  plugged  for  any  reason,  while  every  boiler  should 
be  equipped  with  an  independent  pressure-gauge.  The  work- 
ing of  a  group  of  boilers  with  one  or  two  safety  valves  only, 
mounted  on  a  main  steam  pipe  or  grouped  with  stop  valves  in 
a  single  fitting  on  one  orifice,  is  an  arrangement  always 
attended  with  risk.  It  may  seem  remote  and  appear  exceed- 
ingly stupid  to  plug  a  safety  valve  outlet,  but  experience 
shows  that  circumstances  easily  lead  to  its  being  done,  and 
unfortunately  also  to  the  plug  being  afterwards  overlooked. 
Our  American  exchanges  to  hand  bring  particulars  of  another 
compound  boiler  explosion  that  occurred  in  August  at 
a  works  at  Jackson,  Tennessee  In  this  case  three  boilers  in 
a  group  went  off  together,  with  disastrous  results,  the  whole 
factory  being  wrecked  and  eight  men  instantly  killed,  while 
a  number  of  others  were  seriously  injured.  The  details  avail- 
able are  somewhat  meagre,  but  it  would  appear  that  the 
middle  boiler  of  the  three,  all  of  which  were  of  the  multi- 
tubular externally  fired  type,  was  the  first  to  give  way,  the 
centre  belt  of  plating  of  the  three  belts  of  which  the  shell 
was  composed  ripping  longitudinally  at  a  riveted  seam,  and 
then  peeling  open  almost  flat  from  the  other  two  belts. 
The  effect  of  this  rupture  on  the  boilers  to  the  right  and  left 
of  it  was  to  cause  each  of  these  to  rip  at  a  ring  seam,  and  the 
parts  to  be  blown  fore  and  aft.  No  explanation  is  put  for- 
ward to  account  for  the  primary  failure  of  the  middle  boiler, 
and  the  particulars  available  do  not  enable  one  to  say  whether 
the  arrangement  of  fittings  was  satisfactory  or  not.  In  the 
absence  of  details  it  is,  of  course,  idle  to  speculate.  It  may 
be  noted,  however,  that  the  boiler,  although  it  is  of  a  type 
very  common  in  America,  that  is,  with  a  plain  cylindrical 
shell  with  flat  ends  with  tubes  running  the  full  length,  is 
not  one  that  commends  itself  to  British  engineers.  It  is  no 
doubt  simple  and  inexpensive  to  construct,  but  with  dirty 
water,  scale  is  liable  to  accumulate  on  the  bottom  of  the 
shell,  and,  being  externally  fired,  cause  severe  straining  and 
stress  throughout  the  structure.  The  longitudinal  joints  of 
the  shell,  we  note,  were  made  with  an  overlap,  and  one  or  two 
other  features  of  the  explosion  suggest  that  the  design  and 
workmanship  were  not  first  class,  so  that  in  the  event  of  shock 
from  the  bursting  of  the  central  boiler,  those  on  each  side 
would  inevitably  follow  suit. 


Screw-cutting  Taps. ― The  Coventry  Ordnance  Works,  Ltd., 
Coventry,  have  recently  patented  a  design  of  screw-cutting 
tap,  having  at  eacli  end  of  the  lands  the  full  number  of  teeth 
required  to  cut  the  screw  and  having  alternate  teeth  removed 
from  the  central  parts.  The  effective  dianieterof  the  teeth  on 
the  front  end  of  the  tap  is  less  than  the  full  effective  diameter, 
so  that  the  teeth  on  the  front  end  cut  the  tops  of  the  threads 
only,  and  the  effective  diameters  of  the  teeth  gradu ally- 
increase  until  the  full  effective  diameter  is  attained. 

Locomotives  for  Light  Road  Service. ― We  have  received  from 
the  Baldwin  Locomotive  Works,  Philadelphia,  a  brochure 
descriptive  of  locomotives  constructed  by  them  for  light  road 
service  on  lines  where,  on  account  of  physical  conditions,  com- 
paratively lit^ht  wheel  loads  must  be  carried.  The  largest  of  these 
engines  can  be  safely  used  on  rails  weighing  TOlbs.  per  yard,  on 
the  assumption  that  each  lOlbs.  per  yard  of  rail,  properly  sup- 
ported by  cross-ties,  can  sustain  a  load  per  wheel  of  approximately 
3,000lbs.  Four  types  are  ropr(\sentod,  viz.  :  The  4-4-0,  suitable 
for  passenger  service  ；  the  2-6-0，  specially  fitted  for  freight  sorvice  ； 
the  4-6-0,  which  can  be.  adapted  to  either  passenger  or  freight 
service,  and  the  Consolidation  (2-8-0),  wliicli,  with  a  largo  uinount 
of  weight  on  driving  wheels,  is  8uital)Ie  for  heavy  freight  service. 
While  these  types  have,  during  recent  years,  been  largely  super 
seded  in  trunk  line  service  by  locomotives  of  greater  capacity, 
they  are  usually  quite  adequate  for  work  on  short  roads  and 
branch  lines. 


BOOK  REVIEWS. 

The  Fan,  including  the  Theory  and  Practice  of  Centrifugal  and 
Axial  Fans.  By  Chas.  H.  I 賺 s，  M.A.  Revised  by  W.  M. 
Wallace,  Wli.Sc,  Assoc.M.Inst.C.E.,  and  F.  R.  Jolley,  M.Sc. 
Second  edition.  London  :  Technical  Publishing  Company. 
7iin.  by  SJin.    302  pp.    Price  8s.  6d.  net.  ' 

The  excellence  of  this  text-book  was  impressed  upon  us  wlien 
it  made  its  first  appearance,  and  a  lengthened  acquaintance  has 
confirmed  our  first  impressions.  The  author's  treatment  of  the 
subject  differed  from  the  accepted  theories  that  had  been  current, 
and  we  think  it  is  now  generally  admitted  that  the  theory 
of  the  conservation  of  energy  is  a  more  rational  starting  point, 
and  gives  results  more  closely  agreeing  with  experiments  than 
the  theory  usually  adopted.  The  book  is  one  intended  to  meet 
the  wants  of  designers,  and  contains  pretty  near  all  the  reliable 
information  available  on  the  subject.  The  death  of  the  author 
has  necessitated  the  work  of  revision  being  undertaken  by  others, 
but,  as  far  as  we  have  been  able  to  check  it,  it  has  been  well 
done,  and  wo  have  every  confidence  in  recommending  the  book. 

The  Principles  of  Electrical  Engineering  and  their  Application. 

By  (Jisbort  Kapp,  M.Inst 义'. K.,  Professor  of  Electrical 
Engineering  in  the  University  of  Biriningham,  Past- President 
Institution  of  Electrical  Engineers,  Vol.  1  :  Principles. 
London  :  Edward  Arnold.  9in.  by  G^in.  354  pp.  Price 
15s.  net. 

The  author  needs  no  introduction  to  the  electrical  world, 
and  his  past  contributions  to  engineering  literature  are  a  guarantee 
of  the  thoroughness  of  anything  from  his  pen.  In  the 
present  volume,  he  seeks  not  so  much  to  cater  for  the  electrical 
specialist  as  the  general  engineer  who  desires  a  sound  grasp  of 
fundamental  principles  and  of  their  application  to  practical 
engineering  without  being  burdened  with  minute  details 
but  who  occasionally  is  interested  in  the  question  whether 
and  how  any  piece  of  electrical  plant  can  be  adapted  to 
a  particular  purpose.  The  merit  of  the  book  lies  not  in  its 
presentation  of  any  new  facts  or  theories,  but  in  its  treat- 
ment of  existing  ones,  the  aim  being  to  make  it  a  text-book  for 
all  engineering  students  and  a  handbook  for  the  general  engineer. 
This  latter  term,  implying  one  who  has  received  a  sound  training, 
and  is  fairly  familiar  with  the  calculus. 

*       *  -X 

English  and  American  Tool  Builders.  By  Joseph  W.  Roe, 
Assistant  Professor  of  Machine  Design  Sheffield  Scientific 
School,  Yale  University.  Yale  University  Press.  9|in.  by 
6iin.  315  pp.  ；  or  Oxford  University  Press.  Price  12s.  6d. 
net. 

Probably  at  no  previous  period  has  the  importance  of  machine 
tools  been  more  strongly  impressed  on  engineers  than  the  present, 
when  the  destinies  of  nations  may  be  said  to  depend  almost 
entirely  upon  them.  As  the  war  progresses  it  is  resolving  itself 
more  and  more  into  a  contest  between  mechanical  engineers,  whose 
pre-eminence  is  measured  by  their  ability  to  design  and  construct 
the  tools  for  the  manufacture  of  munitions  and  armaments. 
Of  the  great  designers  of  machine  tools  little  is  known  by  the 
general  public.  Their  work  is  too  technical  for  its  value  to  be 
understood  except  by  engineers  who  depend  on  their  products, 
and  only  a  minority  even  amongst  the  latter  fully  appreciate 
the  influence  exerted  by  machine  tools  on  the  accuracy  and 
rapidity  of  production,  which,  is  such  a  distinguishing 
feature  of  mechanical  engineering  workshops  at  the  present 
day.  The  names  of  soldiers,  sailors,  statesmen,  and  authors  are 
written  large  on  the  pages  of  history  ；  but  it  requires  a  great 
deal  of  search  to  discover  those  who  invented  the  machine  tools 
which  have  so  largely  contributed  to  the  engineering  progress 
that  has  marked  the  last  century.  Their  works  live  after  them, 
but  what  manner  of  men  they  were,  what  lives  they  led,  and  what 
were  the  circumstances  that  led  to  their  discoveries  and  im- 
provements are  matters  on  which  the  intelligent  enquirer  is, 
owing  to  the  paucity  and  scattered  nature  of  the  information 
available,  largely  bafflod.  For  tliis  reason  wo  welcome  the  work 
before  us,  and  its  issue  at  the  present  juncture,  when  the  subject 


October  13,  iDloj  TllH   MECHANICAL  ENGINEER. 


275 


(»[  m:trlim(、  tools  bulks  so  largely,  is  ( inu'ly.  It  is  curiotus 
to  luitr  in  following  the  (lovol<)|niHMit  "【 i»""'liim、  tools  how 
exi'lusivi'ly  it  is  connected  with  British  ； ui(l  Amci'ican  cngim'('ri""f. 
OtluM"  i'mmtr"'s  liavo  coiitributod  in  sonu'  (l(>gm、，  and  the  Kr(、m'h 
； uul  Swiss  uiul  (Jcrmans  have  boon  piom'cns  in  numy  nicchaniciil 
ituj)n)vi'nuMi(s  ；  but  imu'tically  all  the  croative  pioneer  work  in 
U)ol 山、 sign  and  building",  especially  those  used  in  c(»iuiO('ti()n 
wluit  UKiy  1)0  termed  heavy  ('ngiiu、(、ring，  has  boon  (lum、  liorc 
iiiul  itr- Ainorica.  In  the  lives  of  the  cluof  charucters  who  have 
mainly  CDiitribiitcd  to  this  ('ml  tlic  uuthor  lias  found  iunpk' 
iiuiku'ial  for  a  treatise  which  is  not  only  interesting'  but  instruc- 
tive. 

Dynamo  and  Motor  Attendants  and  their  Machines.  Hy  J，raiil、 
Broad  bent,  M.l.E.E.  Eighth  edition.  London  :  S.  Koutt'll 
jiiul  Co.,  Ltd.    Tain,  by  5|iu.    212  pp.    Price  2s.  (3d.  net. 

This  is  ii  useful  and  instructive  book  with  a  deservedly  wide 
circle  of  roadors  ；  but  the  luattor,  which  is  copious  and  good,  is 
presented  in  anything  but  an  attractive  manner,  and  wc  arc 
sorry  efforts  liavc  not  been  made  in  issuing  this  edition  to  use 
larger  and  bettVr  displayed  type.  There  is  a  inonotonous 
appearance  about  the  pages  that  is  ropollent.  This  criticism 
may  seem  rather  carping,  but  it  really  is  not  go,  for  tlic  value  of 
a  book  of  this  kind  intended  for  constant  and  handy  reference  is 
largely  increased  by  the  rapidity  with  which  reference  may  be 
made.  Just  as  a  good  picture  deserves  a  good  frame,  so  a  good 
book ― and  this  is  one  apart  from  these  blemishes ― deserves  a  little 
taste  in  the  presentation  of  its  matter  to  readers,  and  we  trust 
our  hintb  will  be  taken  note  of  when  the  next  edition  is  prepared. 

*    *  * 

Engineering    Applications  of    Higher    Mathematics.      By  V. 

Kaiapetolf.      丄) arts  II. ，  111.,  IV.,  V.，  dealing  respectively 
with  Problems  in  Hydraulics,  Thermodynamics,  Mechanics 
of   Materials,   and   Electrical   Engineering.    New   York  : 
Wiley  &  Sons.    London  :  Chapman  &  Hall.    8^in.  by  5^in. 
100  pp.    Price  3s.  net  each  volume. 
The  practical    application    of   the    calculus   is   often  a 
trouble  to   engineers,   even   when    they    have   undergone  a 
course  of  pure  training  in  the  higher  mathematics,  if  circum- 
stances  do   not  for   a   few  years  require   its  practice,  and 
sometimes  even  without  this  handicap,  owing  to  lack  of  confidence 
in  it  as  a  tool,  or  unfamiliarity  with  the  analytical  methods 
of   approaching    a   particular    problem.       These    books  in 
this  respect  supply  a  distinct  want,  and  the  division  of  the 
engineering  field  into  sections  enables  the  reader  to  select  the  one 
in  which  he  happens  to  be  ino8t  interested.    The  books  arc 
clearly  printed,  and  the  author's  methods  and  explanations  as 
simple  as  the  matters  dealt  with  will  allow.    We  have  pleasure 
in  recommending  the  books  to  students  and  also  to  older  en- 
gineers who  have  left  their  student  days  behind,  and  occa- 
sionally want  to  rub  up  mathematics  wliicli  have  got  rusty  from 
lack  of  exercise. 

簧备  * 

Aeronautical  Engines  :  A  Critical  Survey  of  Current  Practice, 
with  Special  Reference  to  the  Balancing  of  Inertia  Forces. 

B\'  Francis  J.  Kcan,  B.Sc.  31  plates  ；  78  illustiati(»ns. 
London  :  E.  and  F.  N.  Spun.  Din.  by  5Aiii.  94  pp.  Pi'icc 
Gs.  net. 

This  is  essentially  ii  book  for  tin.'  desi^iuT  of  liiiih-spccd  engines 
for  aeronautical  work  whoso  liglitnoss  ami  liiiili  power  are  so 
oxtrcniely  iiiiportaiit.  The  class  for  whom  it  is  written  is 
eminently  select,  but  they  cannot  well  allord  to  b (；  without  it  if 
they  wish  to  acquire  easily  a  sound  knowledge  of  the  intricate 
problems  associated  with  the  correct  balancing  of  the  moving 
parts,  which  is  one  of  the  most  serious  of  the  many  difficult 
questions  concerned  in  the  evolution  of  an  engine  suitable  for 
air  craft.  The  author's  treatment  of  the  subject  as  regards  text 
is  very  brief  but  clear,  and  little  description  is  expended  on  details 
outside  of  the  scope  of  the  title.  His  main  work  is  devoted  to  a 
-series  of  large-sized  diagrams,  illustrating'  the  resolution  and 
composition  of  tlio  forces  arising  out  of  moving-  parts  of  the  cngino 
ami  the  metliods  of  balancing  them,  and  draughtsmen  engaged 
in  this  hi^lily  specialised  branch  of  engineering  will  be  grateful 
fm'  til"  hints  on  design  hero  presented  and  evidently  gleaned 
from  ail  iutiniate  knowledge  of  his  subject. 


DAVIDSON'S  CENTRIFUGAL  FAN. 

TiiK  act' (川 i|);m)  iiig  i 1 1  iisLrat  ions  sliow  n  (icsi^n  ('miU  it'ugal 
"in  of  the  induction  type,  wherein  tlio  primary  and  iiulureTl 
fluids  are  either  both  gases  or  both  lif|ui(Js,  ami  wlioro  tluj 
is  to  combine  the  volume  of  tlie  primary  and  induced 
How,  and  <liscliarge  the  same  as  a  wliole  from  the  apparatus. 
The  fail,  which  is  the  invention  of  Mr.  S.  C.  Davidson,  Sirocco 
Engineering  Works,  Belfast,  is  shown  in  Fig.  1,  and  is  pro- 
vided with  two  concentric  annular  iiidiictioii  inlets.  There  is 
combined  with  a  fan  wheel  A  of  the  driun  shape  an  inner  or 
main  duct 】《 leading  up  to  and  tenniiiatiiig  close  to  the  intake 
end  of  the  fan  wheel,  the  inner  duel  being  of  about  the  same 
diameter  as  the  outer  circumference  of  the  fan  wheel.  Outside 
the  inner  duct  and  concentric  therewith  is  an  intermediate 
induction  duct  C，  which  terminates  in  an  axial  direction  at 
or  about  the  plane  of  the  intake  end  of  the  fan  wheel.  The 
inner  duct  and  the  intermediate  duct  C  is  provided  with 
axially-disposed  guide  plates  I),  disposed  radially  to  prevent 
the  circumferential  rotation  of  air  in  the  induction  duct  C. 
Beyond  the  induction  duct  C  is  another  or  outer  induction 
duct  J，  the  casing  E  of  which  is  also  carried  in  an  axial  direc- 
tion over  the  plane  of  the  intake  end  of  the  fan  wlieel  for  a 
suitable  distance  as  shown.  At  its  termination  the  casing  of 
the  duct  J  is  connected  to  an  annular  plate  F  parallel  with  the 
plane  of  rotation  of  the  fan  wheel  as  shown.  The  annular 
plate  F  together  with  a  back  plate  G,  which  extends  radially 
and  parallel  with  the  back  of  the  fan  wheel,  forms  a  circular 
casing  for  a  peripheral  opening  of  suitable  width,  from  which 
the  whole  volume  of  air  both  from  the  fan  wheel  and  from 
the  inner  and  outer  induction  ducts  can  freely  discharge,  and 


Davidson's  Ckntuifugal  Fan. 

to  render  the  discharge  more  positive  a  series  of  stationary 
guide  plates  H  are  】iioiuited  iu  or  around  the  periphery  of  the 
circular  discharge. 

In  operation  when  the  fan  wlieel  A  is  being  rotated  the  air 
will  pass  by  the  main  inlet  B  into  the  fan  wheel,  and  will  be 
discharged  therefrom  into  the  space  0，  and  an  induced 
flow  of  air  will  flow  inward  througli  the  induction 
ducts  C  and  J,  and  will  pass  transversely  or  in  an  axial 
direction  into  ilie  air  which  is  being  discharged  directly  from 
the  fan  wheel.  The  guide  plates  H  prevent  circumferential 
rotation  of  the  air  in  the  ind action  ducts.  The  inner  induction 
duct  C  terminates  in  an  axial  direction  at  or  about  the  plane 
in  wliioli  the  rear  edge  of  the  periphery  of  the  fai)  wheel 
revolves,  whereby  the  peripheral  annular  space  which  is 
closely  adjacent  to  and  immediately  surrounds  the  periphery 
of  the  fan  wheel  is  so  far  free  from  obstruction  that  under  the 
influence  of  the  incoming  induced  flow  of  air  througli  the 
ducts  C  and  J  the  fan  wheel,  when  of  the  multi- 
bladed  drum  shape  with  long  axially  and  relatively  narrow 
blades  of  the  type  sliowii,  may  become  effective  for  the  dis- 
charge of  air  througlt  the  whole  or  practically  the  whole  of  its 
axial  length  instead  of  being  partly  negative  and  partly  posi- 
tive. With  a  fan  of  the  construction  described  the  total 
volume  of  air  moved  and  dealt  with  is  so  much  greater  than 
the  volume  which  actually  passes  through  the  fan  wheel  itself 
that  a  relatively  small  fan  can  be  employed  for  the  volume  to 
be  dealt  with. 
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THE  USE  OF  POWDERED  COAL  IN  METALLURGICAL 
PROCESSES.* 

BY  C.  J.  GAUD.! 

{Concluded  from  p.  2 GO.) 

Furriiiccs. ― In  the  metallurgical  processes  powdered  coal  has 
been  applied  with  commercial  success  to  various  types  of  furnaces, 
such  as  annealing,  puddling,  heating,  open-hearth,  ore  nodulising, 
&c.  In  order  to  ensure  success  in  applying  powdered  coal  to 
furnaces,  no  matter  what  their  type  may  be,  one  general  rule  must 


Fig.  9. 


be  obeyed  :  namely,  that  it  be  fed  to  tlie  furnace  at  a  uniform  rate 
in  a  thoroughly  atomised  state,  and  that  the  furnace  be  so  designed 
that  complete  combustion  may  take  place  while  the  coal  is  in 
suspension. 

Fig.  9  shows  a  seetioiia】  elevation  of  a  3-door  heating  furnace 
of  the  type  generally  used  in  heating  iron  piles  and  steel  billets, 
arranged  with  a  waste-heat  boiler  and  equipped  for  burning 
powdered  coal.  In  this  installation  a  low-pressure  bui-ner  dis- 
charges the  mixture  of  coal  and  air  into  a  combustion 
chamber.  As  the  fuel  combusts  the  heat  thus  produced 
is  conveyed  over  the  furnace  hearth,  and  the  waste  gases 
pass  through  the  boiler  setting  to  the  stack.  Loose 
-grate  bars  supporting  a  bed  of  about  9in.  of  ash  form 
the  combustion  chamber  hearth,  and  a  large  portion  of 
the  ash  contained  in  the  coal  collects  over  this  surface. 
After  each  heat  the  accumulation  of  ash  is  raked  out 
through  the  cleaning  doors,  and  once  a  week  the  grate 
bars  are  dropped  and  the  chamber  thoroughly  cleaned. 
The  accuniulatioii  of  slag  at  the  base  of  the  uptake  Hue 
is  tapped  out  from  the  slag  runner.  Tlie  ash  which 
falls  upon  the  material  in  the  furnace  is  too  small  a  pro- 
portion to  cause  any  ill  effect.  In  the  boiler  settings 
and  flues  considerable  ash  is  deposited  in  the  form  of 
an  impalpahle  |)<»\vdcr,  which  is  cleaned  out  onco  every 
12  liours. 

As  to  the  ocoiioiny  of  fuel  on  pmldling'  furnaces, 
the  use  of  [)o\vdered  coal  has  shown  an  average  saving 
of  about  30  percent,  to  36  per  cent.,  and  on  heating  fur- 
naces 15  per  cent,  to  25  per  cent.  For  every  pound 
of  coal  fired,  the  waste-heat  boilers  show  an  evapo- 
ration of  from  7 lbs.  to  8lbs.  of  water. 

The  use  of  powdered  coal  as  a  fuel  in  soaking  pits  represents 
】）r(jbably  the  latest  application  of  this  form  of  fuel  in  the  metal- 
lurgical arts.  10  sliows  a  sectional  elevation  through  a 
soaking  pit  equipped  for  burning  this  form  of  fuel.  The  drawing 
clearly  sliows  the  construction,  and  the  mode  of  operation  will  be 
readily  understood.  Five  double  soaking  pits  of  the  general  design 
shown  are  now  in  operation  and  are  giving  very  satisfactory 
results. 

At   the    present   time    four   different   steel    plants  are 


using  this  form  of  fuel  in  open-hearth  furnaces  with  encouraging 
results.  While  all  the  installations  are  more  or  less  in  an  experi- 
mental stage  and  not  as  yet  fully  developed,  owing  to  the  limited 
time  of  application,  the  results  obtained  thus  far  have  fully 
demonstrated  the  economy  of  powdered  coal  over  oil  and  show 
equal  economies  with  producer  gas. 

Fig.  11  shows  the  four  different  methods  at  present  employed 
for  applying  powdered  coal  to  open-hearth  furnaces.  A，  B，  and  C 
represent  installations  in  which  high-pressure  siphon  type  burners 
are  used,  similar  to  those  shown  in  Figs.  5，  6,  and  7.  One  burner 
is  placed  on  each  end  of  the  furnace,  the  fuel  being  reversed  as  in 
the  case  of  producer  gas.  As  the  gas  flues  are  eliminated  in  this 
process,  the  regenerative  chambers  in  most  cases  have  been 
enlarged,  and  in  place  of  checkers  staggered  arches  or  parallel 
walls  have  been  built  to  give  the  necessary  regenerative  area. 
There  are  at  the  present  time  one  75-ton,  three  60-ton,  and  four 
35-ton  open-hearth  furnaces  of  the  regenerative  type  in  operation 
with  modifications  in  the  constructon  of  the  regenerative  cham- 
bers as  described.  At  one  plant  the  results  obtained  have  been 
so  encouraging  that  a  second  furnace  of  75  tons  capacity  is  now 
under  construction. 

D  represents  a  somewhat  radical  departure  from  the  old- 
time  theories  of  open-hearth  furnace  practice.  By  reference  to 
the  diagram  it  will  be  noted  that  the  burners  are  arranged  only 
at  one  end  of  the  furnace,  the  path  of  the  flame  being  always  in 
one  direction.  There  are  no  regenerative  chambers,  air  at  room 
temperature  being  used  for  combustion  of  the  fuel.  The  theory 
underlying  this  method  of  applying  powdered  coal  to  open-hearth 
furnaces  is  :  (1)  The  fuel  is  burned  above  the  bath,  and  all  the  heat 
contained  in  the  coal  is  instantly  developed  in  the  furnace.  (2) 
As  the  path  of  the  flame  is  in  one  direction,  all  parts  of  the  furnace 
are  maintained  at  the  same  temperature.  (3)  By  reason  of  their 
high  radiating  capacity,  the  infinite  number  of  minute  incan- 
descent particles  in  the  powdered  coal  communicate  the  heat  by 
radiation,  and  not  by  convection,  thus  eliminating  the  necessity 
of  bringing  the  surrounding  air  to  the  temperature  of  the  coal 
particles.  (4)  All  the  heat  in  the  waste"*guses  is  conserved  and 
used  in  the  production  of  steam. 

The  extra  fuel  consumed,  due  to  the  use  of  cold  air,  is  offset : 

(1)  By  the  elimination  of  all  loss  in  the  gas  producer  process. 

(2)  By  the  elimination  of  all  loss  due  to  frequent  reversals.  (3) 
By  the  elimination  of  all  loss  in  waste  heat  taken  up  by  the 


Cleanmq 
Dcor  3 


Ftg.  10  — Soaking  Pit. 


Paper  read  at  a 


leeti 

Franklin  Institute.  April  6th 

t  ('l)ief  Enj^inoer,  American 
Lebanon,  Pa. 


ting  of  the  Mining  and  Metallurf^ical  section  of  the 


I  roil    and    Steel    Maiiufacturing    Coinpan  y, 


regenerative  chambers.  (4)  By  the  elimination  of  the  expensive 
maintenance  cost  of  producer  plant  and  regenerative  chambers. 
(5)  By  the  greatly  reduced  first  cost  of  installation. 

Fig.  12  shows  a  sectional  elevation  of  this  furnace,  A  section 
through  the  combustion  chamber  looking  towards  the  back  wall  is 
shown  in  the  upper  left-hand  corner.  By  reference  to  this  view 
it  will  be  noted  that  three  burners  are  employed 一 the  central  one 
of  the  high-pressure  siphon  type  shown  in  Fig.  8，  the  two  side 
ones  of  the  low-pressure  type  shown  in  Fig.  4. 

As  powdered  coal  requires  a  high  temperature  for  ignition 
and  maintained  combustion,  there  would  be  no  incentive  for  the 
powdered  fuel  to  ignite  in  the  cold  furnace  after  charging,  espe- 
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ciallv  siin'o  (ho  air  nm'ssarv  ">  support  coiuhustion  is  also  cold. 
Tlu、  conihust ioti  cliiinibor  in  this  inst iillat urn  is  niaintaiiUMl  jit 
a  liigli  unit'onu  ttMnporatiur  at  ！ ill  times  by  the  t-vvo  Imv- prrssmv 
Tho  high  t(、m|"'mtm'c  lujuiitjiiiHnl  in  tin*  comlmst  ion 
iroheats  tlu'  air  fiirnishcd  t"  sii| 屮" rt  (Munhiistioii,  and. 


Willi  in  tlio  pjiHf,  iW  inontJiH  four  50- Ion  ha.sic,  open  lif^arlli 
ftirnaci's  ilius  urruii^cd  have  hvim  placed  in  o|)<Tati<t]i.  lii  this 
slmrt  period  "|>(、mli'iu  condiliuiis  have  (loiiuinHtvuird  Uie  sdiind- 
iH'ss  of  hotli  the  uiulorl yin<f  (licory  aixl  (Ik;  <"igi"eering  jtrinciplcH 
involved  in  this  method.  ('"m|mmi  with  producer  ^an,  cfjually 
higli  "、mi"'ra,tiir(>  is  ai  laini'd.     IJiiilorm  tcinpcniiurcK  tlironghout 


if 


Fig.  II. 


as  the  high-pressure  siphon  burner  discharges  the  powdered  coal 
through  the  hot  zone  of  the  chamber,  complete  combustion  of  the 
fuel  is  ensured.  Auxiliary  air  for  combustion  is  admitted  through 
the  back  wall  of  the  combustion  chamber  at  the  roof  line.  The 
accumulation  of  ash  in  the  combustion  chamber  is  raked  out 
through  the  cleaning  doors  after  every  heat  and  is  discharged 
through  a  trap  door  in  the  charging  floor  into  the  ash  car  below. 

From  a  metallurgical  standpoint,  the  deposit  of  ash  on  the 
bath  is  too  small  an  amount  to  be  noticeable.  In  the  slag  pocket 
at  the  bottom  of  the  vertical  flue  the  ash  and  the  brick  slag  form 
a  thick,  pasty  mass,  the  tough  consistency  of  which  makes  its 
removal  difficult.  Beyond  this  point  the  ash  settles  in  the  flues 
as  an  impalpable  powder.  After  each  heat  it  is  stirred  up  by 
inserting  a  compressed-air  jet  through  the  separate  cleaning  doors 
of  the  flues.  The  ash  clouds  thus  produced  are  picked  up  by  the 
flue  draught  and  are  carried  in  suspension  out  of  the  stack.  The 
boiler  tubes  are  cleaned  with  steam  blowers  four  times  eacli  day. 
The  course  of  the  waste  gas  is  indicated  by  the  arrow  marks, 
and  is  shown  discharging  into  the  flue  connecting  with  the  waste- 
heat  boilers. 

Fig.  13  shows  a  plan  and  elevation  of  the  waste-heat  plant,, 
also  a  sectional  elevation  through  the  boilers  and  economisers 
The  course  of  the  waste  ^ases  can  be  followed  by  the  arrow  "iai'ks， 
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Fig.  12, 

and  the  general  operation  will  readily  be  understood  by  reference 
to  the  drawing.  It  will  be  noted  that  by  the  arrangement  of  the 
flues  and  dampers  the  whole  waste-heat  plant  may  bo  by-passed. 
The  econoiniser  and  both  boilers  may  be  l)y-])assed  either  se])a- 
rately  or  in  combination,  as  dosirod.  iThc  Hcxil)ility  of  this  arrange- 
ment permits  any  adjustment  or  repairs  to  the  boilers  or  eco no- 
misers  without  affecting  the  operation  of  tht'  furnace. 


.  Fig.  13. 

the  furnace  are  maintained.  Heats  can  be  made  within  reason- 
able time.  Fuel  consumption  is  high.  This,  however,  is  offset  by 
the  fact  that  the  waste-heat  plant  produces  an  average  evaporation 
of  6,}lbs.  of  water  per  pound  of  coal  fired  in  the  furnace.  Com- 
pared with  the  best  boiler-room  practice,  62A  per  cent,  of  the  fuel 
consumed  by  the  furnace  is  used  in  the 
generation  of  steam,  leaving  STJ  per  cent, 
chargeable  to  steel  production.  Based  on  this 
reasoning,  economies  over  oil  and  producer 
gas  are  fully  substantiated. 

In  the  use  of  powdered  coal  in  metallurgical 
furnaces  we  have  arrived,  at  a  stage  of  develop- 
ment where  fixed  rules  may  be  laid  down  for 
its  application  which,  if  strictly  followed,  will 
result  in  high  economy  and  efficiency.  The 
personal  equation  is  the  impoi'tant  factor  in 
uptM'ating  part  of  the  apparatus  as  developed 
thus  far.  It  is  necessary  to  depend  too  greatly 
upon  this  uncertain  element. 

In  the  drying  process  the  operator  may  at 
any  moment  upset  the  complete  e((uilil)rium  of 
a  plant  either  by  overheating  the  coul  or  by  not 
drying  it  enough.  In  the  furnace  operation 
three  or  four  separate  adjustments  are  required, 
depending  on  the  burner  used,  each  adjustment 
bearing  a  fixed  relation  to  the  others.  These 
adjustments  are  :  The  control  of  the  coal  feed, 
the  control  of  the  cold  blast,  the  control  of 
the  volume  blast,  and  the  control  of  the 
furnace  draught,  where  mechanically  operated 
low-pressure  feeders  and  burners  are  em- 
ployed, all  of  which  controls  are  separately 
left  to  the  judgment  of  the  operator.  When  we  consider 
that  there  is  no  fuel  so  sensitive  to  correct  application  as 
powdered  coal,  and  when  we  realise  the  exact  precision  required 
in  its  inaiu[)ulatiun,the  dependence  placed  on  the  personal  element 
is  at  once  apparent. 

In  order  to  obtain  uniform  conditions,  it  is  necessary  to 
eliminate  the  personal  equation  as  far  as  possible.    In  the  drying 
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process  this  might  be  accomplished  l)y  an  automatic  control  of  the 
coal  fee-1  governc:l  l)y  the,  tnmporature  of  the  drver  cylinder. 
Ill  the  case  of  the  burnors  and  feeders  this  niiiiht  bo  done  by  a 
single  adjustment  regulating  and  supplying  the  correct  proportion 
of  air  and  coal,  with  provision  for  adjusting  the  air  and  coal 
independently  in  order  to  obtain  correct  proportions  for  different 
grades  of  fuel,  thus  producing  an  absolutely  uniform  combustible 
mixture,  which  will  be  maintained,  regardless  of  the  quantity 
supplied,  after  once  setting  the  adjustment. 

The  high  economy  and  efficiency  of  powdered  coal  in  the 
metalluruical  processes,  under  the  limited  application  of  this  fuel 
and  the  limited  development  of  apparatus,  provide*  an  index  of  its 
possibilities  under  more  general  use.  With  a  further  develop- 
ment of  apparatus  this  form  of  fuel  doubtless  will  eventually 
supplant  oil,  tar,  and  producer  gas  in  the  varied  fields  where  they 
now  hold  supremacy. 


FUEL  ECONOMY  ON  THE  NORTH-EAST  COAST  AS  A  RESULT 
OF  ELECTRIC  POWER  SUPPLY, 

liV  R. 丄'. SLOAN. 

Ei.Kc'Tim'  power  supply,  though  of  comparatively  recent  develop- 
ment, has  already  had  a  marked  effect  upon  the  industries  of  the 
North-east  Coast,  for  example  : ― 

1 .  A  great  saving  of  coal  and  reduction  of  smoke  has  resulted. 
There  is  now,  apart  from  tlie  power  companies,  practically  sj>cak- 
ing.  no  coal  burned  on  the  Tyne  for  power  purposes,  except  by  the 
railways  and  chemical  factories  and  some  collieries.  The  Tyne 
shipyards  and  engineering  works  may  be  said  to  have  adopted 
electricity  to  the  exclusion  of  all  other  forms  of  motive  power. 

2,  The  application  of  electricity  to  all  new  uses  has  been 
facilitated  : ― 

(a)  Many  collieries  depend  entirely  upon  electricity  supplied 
from  the  Newcastle  and  Durham  electric  power  companies'  com- 
bined system  for  all  their  power  requirements. 


realised  that  the  more  completely  the  electrical  wants  of  the  whole 
community  could  be  met,  the  more  cheaply  could  a  supply  of 
electricity  be  given  and  the  more  stable  would  the  electric  supply 
industry  become.  Our  engineers  therefore  proceeded  to  design 
the  system  so  as  to  be  capable  of  producing  current  at  a  minimum 
cost  and  of  providing  a  satisfactory  supply  for  all  purposes ― 
power,  traction,  lighting,  and  electro-chemical  and  similar 
processes. 

The  extent  of  the  area  (1,400  sq.  miles)  necessitated  the  genera- 
tion of  electricity  at  a  pressure  and  in  a  form  facilitating  trans- 
mission over  long  distances,  while  the  nature  of  the  market  to  be 
catered  for  made  it  essential  that  the  curroiit  should  be  produced  us 
cheaply  a&  possible.  This,  in  turn,  involved  the  use  of  extensive 
sites  with  ample  coal  and  water  facilities  for  the  main  coal-fired 
power  stations,  which  were  erected  to  deal  with  such  portions  of 
the  load  as  could  not  be  supplied  witli  electrical  energy  generated 
by  waste  heat.  From  the  two  main  stations  situated  on  the  River 
Tyne  the  transmission  and  distribution  networks  extend  into  and 
through  the  city  of  Newcastlc-upon-Tync,  northwards  to  Blyth 
iiiid  beyond,  and  eastwards  along  the  River  Tyne,  through 
Wallsend  to  Nortli  Shields,  On  the  south  bank  of  the  Tyne  the 
system  extends  southwards  tlirougli  the  county  of  Durham  from 
the  coast  to  Consett  and  Bishop  Auckland  on  the  west,  and  then 
joins  uj)  with  the  system  of  the  Cleveland  and  Durham  Electric 
Power  Company,  whose  area  covers  the  South  Durham  and  York- 
shire districts,  including  the  Cleveland  mining  district,  Stockton- 
on-Tees,  Middlesbrough,  &c.  The  distance  between  the  northern 
and  southern  extremities  of  the  transmission  system  is  70 〗nilcs， 
and  it  is  now  possible  to  obtain  electricity  on  the  same  system  as 
regards  frequency  and  voltage  throughout  practically  the  whole  of 
the  area  embraced  in  the  scheme.  The  main  transmission  and 
distribution  system  is  a  3-phase  system  with  a  frequency  of  10 
cycles  per  second,  and  the  working  pressure  is  20,000  volts. 

The  capacity  of  plant  installed  represents  about  one-ninth 
of  the  total  plant  installed  in  public  supply  stations  in  the  United 


North-emt  Coast  Industries. 


Population 
at  Census, 
1911. 

Coal  mined, 
1913. 

Coke  made, 
1913. 

Ironstone 
mined, 
1913. 

JPig  iron 
made, 
1913. 

Merchant 
shippinir  b'lilt, 
1013. 

North-east  Coa st  industrial  area   

Ratio ― 

North-cast  Coast  / 
United  Kingdom  I 

2,300,000 
45,211,888 

Per  cent. 
5.1 

Tons. 
50,352,218 
287,430,473 

Per  cent. 
19.6 

Tons. 
7,500,000 
20,529,732 

Per  cent. 
36.5 

Tons. 
G,0 10,830 
15,997,328 

Per  cent. 
37.5 

Tons. 
3,869,214 
10,260,315 

Per  cent. 
37.7 

Net  ton  nage. 
025,289 
1,231,021 

Per  cent. 
51.0 

{h)  As  a  result  of  the  adoption  of  electric  traction,  the  suburban 
railway  traffic  facilities  of  Newcastle  are  more  ample  than  those 
of  any  other  town  of  similar  size. 

(c)  Elc:^tricity  has  been  applied  to  freight  haulage  on  the 
Ncwport-JShildon  line  (and  this  is  the  first  real  example  of  heavy 
freight  haulage  by  electric  locomotives  in  this  country). 

(d)  Klectncity  has  been  applied  with  particular  success  to  drive 
rolling  mills  and  colliery  winders,  and  for  other  purposes  requiring 
the  concentration  of  a  large  amount  of  power  on  one  shaft. 

3.  New  industries  have  been  established  in  the  district  purely 
because  of  the  cheap  power  available. 

4.  Kxtensivc  utilisation  has  been  Jiiadc  of  the  waste  heat  and 
j^^ases  existinjr  in  the  ami  for  the  production  of  electrical  energy. 
Jn  this  rq;iwi  the  district  occupies  a  unique  position  owing  to  the 
extent  to  which  its  power  requirements  have  been  met  by  elec- 
tricity produced  as  a  by-product  of  two  oi"  its  largest  industries ― 
the  maifing  of  pig  iron  and  the  making  of  coke. 

5.  Several  small,  and  therefore  uneconomical,  generating 
stations ― municipal  and  company ― have  been  shut  down,  and  the 
electrical  distribution  systems  which  they  supplied  have  been 
connected  up  to  the  power  supply  companies'  system. 

The  problem  of  power  supply  in  any  district  is  so  completely 
governed  by  local  conditions  that  it  may  be  ])orniitted  at  the 
outset  to  siuninarise  the  nature  and  extent  of  the  staple  industries 
of  the  North-cast  Coast.  The  table  above  does  this  in  convenient 
form. 

It  will  be  seen  that  in  coal,  iron  and  shipbuilding  the  North-east 
Coast  figures  represent  respectively  and  approximately  one-fifth, 
one-third,  and  one-half  of  the  nation's  output.    It  was  early 

*  Paper  read  before  joint  meetintis  of  Sections  15  and  G  of  tliu  】{WUsli  Assoeiti* 
tion  at  Newcastle,  Sept.  3th,  1916. 


Kingdom,  but  as  the  North-cast  Coast  power  coni])aiiies  are 
working  at  a  more  constant  load 一 i.e.,  a  better  "  load  factor  " ― 
the  electricity  actually  generated  is  about  one-fifth.  The  total 
horse-power  at  present  being  supplied  is  343,000  h.]). 

Though  the  extension  of  the  power  supply  system  has  been 
rapid,  its  development  and  the  growth  of  its  profit-earning  capa- 
city were  considerably  delayed  by  the  work  which  had  to  be  done 
from  time  to  time,  and  the  sacrifices  that  had  to  be  made,  to 
secure  uniformity  of  system.  Unfortunately  with  each  amalga- 
mation, or  extension  of  area,  considerable  alterations  had  to  be 
e-'ected  in  the  system  of  the  new  undertakinj^  concerned.  For 
example,  the  system  of  the  Newcastle-upon-Tyne  Eloctric  yu])ply 
Company 一 the  pioneer  company ― the  first  instalment  of  which 
was  laid  down  in  1899,  is  a  3-phase  40-cycle  system.  That  of  the 
Durham  Collieries  Electric  Power  Company,  the  operation  of  which 
the  Newcastle-upon-Tyne  Electric  Supply  Company  took  over  in 
1907，  was  a  50- cycle  3-phase  system,  while  the  Tees  area  of  the 
Cleveland  and  Durham  Electric  Power  Company,  where  supply 
was  begun  in  January,  1906,  was  originally  designed  for  25  cycles. 
The  same  company's  Consett  and  Bishop  Auckland  stations  wore 
designed,  one  to  give  3-])hase  25-cyde  current,  the  other  2-phase 
50-cycle  current.  It  will  be  appreciated  that  these  alterations 
(involving  in  some  cases  the  complete  redesign  of  system)  have 
necessarily  delayed  development,  but  it  was  considered  best  to 
secure  uniformity,  even  at  some  sacrifice  of  time  and  】nom、y.  All 
these  other  systems  were  S£i,nctioncd  and  commenced  some  time 
after  the  original  Newcastle  system  was  laid  down. 

The  work  of  making  the  systems  uniform  has  been  coiii- 
plotod,  and,  in  addition,  several  small  and  therefore  uneconomical 
gonorating  stations  have  been  shut  down.  Throughout  the  area 
embraced  in  the  scheme  there  are  now  only  three  public  supply 
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stations  not  confonuin,!*'  to  tlio  st:u、<lard  sys"、m  and  IVoquoiicy, 
viz.,  those  of  tlu*  Smulcrlaiul,  South  Slii(*l(ls,  and  l)iirlin<>t(>n 
(\)ri)(>niti(>ns. 

Tho  local  coiulitioiis  ,g(>vmiiiig  p(nv(、r  su])|)I y  in  t ho  disti-ict 
arc  :  ( I )  Tlio  low  price  of  coul,  which  would  ciuible  tlio  iiiiinu- 
faotuivrs  to  protluce  power  tluMusolvos  at  n、l;''tiv(、ly  low  ruttvs. 
(2)  The  fact  tluit  the  mamilact'm'ers'  works  ;"•(、  mostly  of  con- 
siderablo  size,  i.e.,  their  iiulividiuil  electrical  iO(]uiroiii('nts  are 
largo.  (A  factor  invariably  of  vital  importance  in  the  producticm 
of  cheap  current,  whether  by  a  public  company  or  a  municipality 
or  by  a  private  inanufacturcr,  is  the  capital  expenditure  per  useful 
horse-])<>\vor  of  plant.  Tliis  decreases  as  the  size  of  plant  grows, 
while  tlio  running  efficiency  at  the  same  time  increases.)  (3)  The 
oxistonco  of  lai'g(、  quantities  of  potential  eiKM'iiy  in  the  form  of 
waste  heat  and  combustible  gas. 

The  first  and  second  conditions  havo  been  met  by  the  power 
companies,  in  erecting  their  main  generating  stations  ：  (a)  By 
taking  full  advantage  of  the  best  coal  and  water  facilities  avail- 
able ； (b)  by  installing  plant  of  a  capacity  much  in  excess  of  that 
which  any  individual  manufacturer,  however  large,  could  adopt  ； 
{c)  by  catering  for  all  classes  of  consumers,  thereby  securing  a 
diversity  of  load  with  a  resulting  constancy  of  output  and  so 
utilising  the  plant  installed  to  the  best  possible  advantage.  These 
factors,  combined  with  the  employment  of  a  highly-skilled  techni- 
cal staft"  and  attention  to  numberless  relatively  minor  details,  have 
resulted  in  securing  an  efficiency  of  production  much  greater  than 
that  practicable  to  any  manufacturer  producing  power  merely  as 
an  auxiliary  to  his  main  business.  This  is,  after  all,  an  age  of 
specialisation,  and  the  production  of  electricity  from  coal  at  a 
minimum  of  cost  presents  opportunities  for  the  highest  technical 
skill  and  for  unremitting  vigilance. 

Power  supply  in  this  district  began  on  the  north  bank  of  the 
Tyne.  It  is  natural,  therefore,  that  its  highest  development  was 
reached  there  earlier  than  in  other  parts  of  the  district.  By  1908 
it  could  be  said  that  there  was  not  a  single  firm  of  shipbuilders  or 
engineers  on  the  north  bank  of  the  Tyne  which  did  not  take  95  per 
cent,  of  its  power  from  the  company.  To-day  the  proportion  is 
probably  higher  still.  Even  taking  the  whole  area,  it  may  now  be 
said  that,  as  regards  the  engineering  trades  as  distinct  from 
collieries  and  iron  and  steel  works,  from  75  to  80  per  cent,  of  the 
power  is  supplied  from  the  power  companies'  system. 

The  credit  of  electrifying  the  Newcastle  suburban  railways  is,  of 
course,  due  to  the  enterprise  of  the  North-eastern  Railway 
Company  ；  but  the  fact  that  they  were  the  first  important  English 
railway  to  electrify  a  portion  of  their  system,  and  that  they  pur- 
chased the  necessary  electricity  from  the  Power  Company,  shows 
that  the  availability  of  cheap  power  is  an  advantage  not  only  to 
manufacturers  but  to  tlie  public  generally  in  facilitating  the  intro- 
duction of  electric  traction.  Since  the  electrification  of  the  New- 
castle system  the  train  service  has  been  more  than  doubled  and  the 
schedule  speed  improved  by  20  per  cent.  A  comparison  with  other 
cities  at  home  and  abroad  shows  that  no  other  town  of  similar 
population  has  so  extensive  an  electrified  railway  system  or  so 
frequent  a  suburban  service,  and  this  has,  of  course,  resulted  in  a 
large  increase  of  travel. 

The  Newcastle  and  coast  suburban  railways  were  electrified 
more  than  10  years  ago.  More  recently  the  North-eastern  Rail- 
way Company  havo  applied  electricity  to  a  freight  line,  and  havo 
electrified  some  50  miles  of  track  on  their  Shildon-Newport  route, 
which  carries  the  heavy  mineral  traffic  between  the  coalfields  of 
South-west  Durham  and  the  blastfurnaces  and  ironworks  of  the 
Middlesbrough  district.  Few  people  realise  that  goods  traffic 
forms  the  greater  portion  of  the  total  business  of  the  railways  in 
this  country,  and  is  therefore  of  greater  importance  than  the 
passenger  traffic. 

The  electric  locomotives,  designed  by  Mr.  Vincent  Raven,  the 
railway  company's  chief  mechanical  engineer,  and  built  under 
his  supervision  at  the  railway  company's  works  at  Darlington, 
are  each  capable  of  hauling  a  load  of  1,400  tons  at  a  normal  speed 
of  25  miles  per  hour  on  the  level,  and  of  starting  a  train  of  the 
same  weight  on  a  1  in  300  gradient.  No  special  generating  station 
has  been  built,  the  whole  of  the  current  required  being  supplied 
by  the  power  companies,  whose  existing  mains  are  tapped  at  two 
points  where  they  touch  the  railway. 

rThe  supply  of  electricity  to  coal  mines ― though  the  important 
colliery  areas  were  not  touched  until  some  five  years  after  power 
supply  started  on  tlie  Tyne ― has  now  reached  a  high  state  of 
development.    It  is  estimated  that,  apart  from  the  smaller 


colliery  Hupplics,  pits  havin;^  Jin  output,  of  over  20,000, 000  tons  of 
coal  per  unnuni  now  (h>|)('n(l  upon  fJic  power  coinpanicH  for  t heir 
l)<)Vvor  supply.  Tli('  uses  to  wliicrli  clfctricily  \h  put  include 
|»mn|)in<>',  liiiulin<^,  ventilating,  windiii^^  &(•.,  and,  as  (！ IhcwIktc, 
tli(>  simplicity  and  f^ciimU  ad vaiitu*;*'  of  the  cloctric  inotor  over  all 
otluM'  forms  of  (、n 力"" lias  made  itself  apparent.  li:  in  (sstiinul cd, 
in  tlio.  caso  of  collieries,  that  at  I  oast  75  |)or  cent,,  of  iJic  cojil 
previously  used  for  power  purposes  has  been  savod  us  ii  result  of 
burning  it  at  the  economical  genorating  stations  of  the  power 
companies  instead  of  each  pit  generating  its  own  power  ；  this  in 
e(|uivalent  to  a  saving  of  at  I  oast  1,000,000  tons  of  coul  per  annum, 
apart  altogethor  from  the  'saving  of  coal  resulting  from  the  utili.sa- 
tion  of  waste  heat,  discussod  later,  and  the  saving  of  coal  used  lor 
])rodiuMno;  powor  for  shiplmilding  and  ongincering  work's  andJor 
the  railways.  • 

One  of  the  most  interesting  features  of  the  problem  that  had 
to  be  dealt  with,  and  which  it  is  not  too  much  to  say  is  also  of 
considerable  national  importance,  was  the  utilisation  of  the  waste 
heat  in  the  district.  The  counties  of  Northumberland  and  Dur- 
ham and  the  North  Riding  of  Yorkshire  produce  so  mo  7,000,000 
tons  of  coke  per  annum.  The  bulk  of  this  used  to  bo  made  in  the 
old-fashioned  beehive  ovens,  but  during  the  last  decado  the  retort 
type  of  oven  has  made  rapid  progress  on  account  of  its  increased 
coke  yield  and  the  value  of  the  by-products  recoverable.  Tho 
waste  heat  from  these  ovens  and  from  the  blastfurnaces  and  the 
exhaust  steam  from  blowing  engines  in  the  Cleveland  district 
form  a  considerable  source  of  power. 

The  problem  of  the  utilisation  of  this  waste  heat  has  been 
solved  by  the  establishment  of  local  generating  stations  where  such 
surplus  power  is  available.  These  plants  feed  into  the  main 
power  companies'  system  and  the  stations  work  in  parallel  with 
the  five  main  generating  stations  of  the  power  companies.  These 
local  generating  ； stations,  or  "  Waste  Heat  "  stations  as  they  are 
commonly  called,  are  run  so  that  they  each  supply  the  maximum 
amount  of  energy  possible ― depending  on  the  supply  of  waste 
heat  or  steam  available ― all  regulating  being  done  by  the  main 
power  stations. 

The  power  company  need  install  no  spare  plant  in  any  of  the 
waste-heat  stations  connected  to  its  system,  being  able  to  】neet' 
any  variation  of  load  by  means  of  its  coal-fired  stations,  which 
also  act  as  standby  against  any  breakdown.  Moreover,  the  power 
company,  having'  a  market  for  current  many  times  greater  than 
the  output  of  any  individual  waste-heat  station,  is  able  to  run  such 
stations  continuously  at  their  imximum  output  capacity,  so 
utilising  completely  all  the  current  that  can  be  produced  therein  ； 
whereas  it  is  impossible  to  conceive  the  power  requirenioiits  of  an 
individual  coke-oven  and  colliery  installation  coinciding  even 
approximately  over  24  hours  with  the  amount  of  gas  or  waste 
heat  available. 

The  first  waste-heat  station  was  erected  in  1905  by  the  Priest- 
man  Power  Company,  a  subsidiary  company  formed  jointly  by 
the  Priostman  Collieries,  Ltd.,  and  the  N ewcastlc- on-Tyne  Electric 
Supply  Company,  Ltd.,  at  Blaydon,  in  conjunction  with  new  coke 
ovens  then  being  erected  by  the  Priestman  Collieries,  Ltd.,  who 
were  the  first  to  see  the  advantages  of  co-operating  with  the  power 
company. 

There  are  now  11  waste-heat  stations  in  operation  in  the 
North-east  Coast  area  and,  in  a  typical  day's  working  of  two  such 
electrical  generating  stations  the  waste  heat  available  is  sufficient 
for  the  generation  of  an  amount  of  power  very  considerably  in 
excess  of  that  required  by  the  colliery  owners.  As  a  matter  of 
fact,  during  the  year  1915  these  two  stations  alone  turned  out 
40,000,000  units,  of  which  only  10,000,000,  or  25  per  cent.,  weio 
required  for  the  working  of  the  collieries,  the  remaining  30,000,000 
units  being  delivered  into  the  mains  of  the  power  supply  company. 
The  total  coal  saving  due  to  utilisation  of  waste  heat  in  the  North- 
oast  Coast  now  amounts  to  some  150,000  tons  per  annum. 

This  brief  account  of  what  has'  already  been  done  on  the  North- 
east Coast  will  show  the  great  economy  which  has  been  effected. 
There  can  be  no  doubt  that  a  proper  appreciation  of  the  enormous 
economies  which  may  be  effected  by  the  avoidance  of  inefficient 
and  wasteful  separate  power  installations,  and  by  the  pooling,  not 
only  of  all  power  requirements  of  all  kinds,  but  also  of  all  power- 
producing  plants,  into  one  interconnected  power  supply  system 
in  each  industrial  district,  will  be  one  of  the  most  important 
factors  in  that  general  development  of  the  country's  indnstries 
which  we  are  all  hoping  to  seo. 
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IMPROVEMENTS  IN  GAS  ENGINES. 

An  Hrrangeinont  has  recently  been  designed  and  patented 
by  the  National  Gas  Engine  Couipany,  Ltd.,  Wellington 
Works,  Asliton-under-Lyne,  and  Mr.  S.  Travis,  to  enable 
gas  engines  in  which  the  compression  of  the  mixed  charge  of 
Fuel  ami  air  takes  place  in  the  engine  cylinder  to  operate  on 
gaseous  fuel  of  a  low  calorific  value  as  well  as  on  gaseous  fuel 
of  a  higher  calorific  value  without  structural  alteration  or 
alteration  of  the  coin])ression  ratio  or  inlet  valve  adjustment. 
The  arran^jenient,  suitable  for  a  single  cylinder  engine,  is 
.^howii  in  the  accompanying  illustration.  There  is  provided 
a  valve  box  A  having  two  conduits  B  and  C  formed  in  it, 
one  13  connected  to  an  air-supply  pipe  and  the  other  C  to  a 
branched  pipe,  one  branch  conveying  producer  gas  and  the 
other  exhaust  products,  coming  either  from  the  engine  in 
question  or  any  other  engine.  Controlling  cocks  D  and  E 
are  provided  in  each  of  the  conduits  of  the  valve  box,  and  a 
switch  cock  is  provided  at  the  junctions  of  the  branches  of 
the  pipe  conveying  producer  gas  and  exhaust  products  to  the 
conduit  C.  Valvf-  seats  are  formed  in  the  sides  of  the  con- 
duits of  tlie  valve  box  adapted  to  co-operate  with  the  two 
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discs  (i  and  J I  of  a  double-beat  valve.  Tlie  conduits  are 
continued  through  the  valve  box  to  the  engine  cylinder  in 
such  a  manner  as  to  convey  the  two  working  fluids  to  the 
engine  cylinder  on  leaving  the  valve  box.  Coaxially  with  the 
seats  formed  in  the  valve  box  a  cylinder  J,  having  ports  K 
in  it,  is  provided,  the  ports  conirmuiicating  with  a  supply  of 
coal  gas  by  way  of  the  co ruhiit  L.  A  piston  M  having 
iucliiiecl  edges  is  provided  adapted  to  slide  in  the  cylinder, 
and  more  or  less  expose-  the  ports  K.  The  bottom  of  tlie 
cylinder  J  opens  into  the  (conduit  C  of  the  valve  box,  which 
conveys  producer  gas  or  exhaust  products.  The  piston  M  is 
adapted  to  be  reciprocated  ii)  the  cylinder  by  an  extension  of 
the  stem  of  tlie  double-beat  valve.  The  double-beat  valve 
is  controlled  by  a  governor  ilirougli  an  operating  rod  O.  The 
piston  M  wliich  controls  the  coal  gas  supply  is  so  attached  to 
the  valve  stem  that  the  piston  can  be  rotated  relatively  to 
the  cylinder  wall  so  as  to  provide  an  adjustment  in  conse- 
quence of  the  inclined  edges  of  the  piston.  The  adjusting 
cocks  D，  E,  in  the  two  conduit/^  of  the  valve  box  are  siiualed 
one  above  the  other  coaxially  so  that  their  controlling  spindles 
Q  and  R  are  coaxial.  These  sj>indles  carry  adjusting  handles 
S  and  T  moving  over  graduated  sectors  supported  on  a 
bracket  below  the  valve  box.  By  a  suitable  linkage,  and  a 
spindle  Y  the  angular  position  of  the  coal   gas  controlling 


piston  M  may  be  controlled  from  a  handle  Z  situated  in 
])roximity  to  the  other  controlling  handles. 

Tn  operation,  supposing  that  the  engine  is  running  on 
producer  gas,  the  desired  mixture  is  obtained  by  setting  the 
cocks 】）， E，  in  the  valve  box  conduits,  and  the  speed  of  the 
engine  is  controlled  by  the  double  beat  valve  G,  H.  It  will 
be  understood  that  the  supply  of  coal  gas  by  way  of  the  con- 
duit L  is  shut  off  and  the  switch  cock  in  th-^  pipe  leading  to 
conduit  C  is  set  to  pass  producer  gas.  When  it  is  desired  to 
run  on  coal  gas  tlie  switch  cock  is  set  to  pass  exhaust  products 
to  the  conduit  C，  and  the  supply  of  coal  gas  by  way  of  conduit 
L  is  turned  on.  It  is  then  easy  to  adjust  by  means  of  the 
handles  T,  Z,  and  S  the  mixture  of  air,  coal  gas,  and  exhaust 
products  to  obtain  a  mixture  having  approximately  tlie  same 
calorific  value  as  the  mixture  previously  used  of  air  and  pro- 
ducer gas.  The  valve  box  A  may  be  so  arranged  that  the 
various  fluids  on  leaving  the  double  beat  and  piston  valves 
divide  into  two  or  more  streams  to  feed  any  desired  number  of 
cylinders.  In  the  case  of  a  four- crank-tandem  engine,  a 
double  set  of  gas  and  air  connections  may  be  provided.  In 
the  case  of  two  6r  three-crank- tandem  engines  a  single  set  of 
valves  may  be  employed. 


THE  PRINCIPLE  OF  SIMILITUDE  IN  ENGINEERING  DESIGN, 

BY  T.  E.  STANTON, 

In  preparing  the  present  paper,  which,  at  the  suggestion  of  the 
Committee  of  Section  G,  has  for  its  subject  the  Principle  of 
Similitude,  it  seemed  to  the  writer  that  it  would  be  meeting  the 
wishes  of  the  majority  of  the  audience  if  the  paper  were  mainly 
devoted  to  illustrations  of  the  usefulness  of  the  principle  in  solving 
practical  engineering  problems  rather  than  to  any  formal  demon- 
stration of  it,  for  which  reference  may  be  made  to  the  literature 
of  the  subject.  As  a  broad  defimtion  it  may  be  said  that  the 
principle  of  similitude  is  the  principle  according  to  which  a 
representation  of  any  particular  mechanical  phenomenon  can  be 
made  so  that  the  magnitudes  of  all  characteristics  of  the  same  kind 
are  changed  in  the  same  ratio,  or,  in  other  words,  there  is  a 
definite  change  of  scale  for  each  characteristic.  Of  course,  since 
each  characteristic  can  be  expressed  in  terms  of  the  fundamental 
units  such  as  those  of  mass,  length,  and  time,  it  is  ultimately  only 
the  scales  of  these  units  which  are  altered,  and  it  follows  from  the 
principle  that  these  scales  cannot  in  general  be  changed  arbitrarily, 
but  only  according  to  a  definite  relation  determined  by  the  prin- 
ciple. Now,  there  is  one  case  of  such  representation  which  is 
familiar  to  every  engineer,  and  that  is  when  the  only  characteristic 
which  is  changed  is  the  linear  dimension.  This  case  includes  the 
whole  subject  of  scale  drawings  of  machines  and  structures  and 
the  construction  of  models,  and  the  study  of  it  forms  an  important 
])ai't  of  the  otlucation  of  every  ei\uiiiecr.  Apart  from  this  】）ar- 
ik'ulai'  application,  it  can  be  assumed  tliat,  as  far  ns  the  problems 
of  the  eut^ineer  are  concerned,  the  application  of  the  principle  of 
similitude  moans  in  nine  cases  out  of  ten  nothing  more  than  the 
laving"  down  of  the  conditions  of  an  experiment  on  a  small-scale 
model  of  any  mechanical  arrangement  which  we  wish  to  design, 
so  that  we  can  predict  with  accuracy  any  particular  characteristic 
of  it  from  an  observation  of  the  corresponding  characteristic  of 
the  model. 

The  first  practical  application  of  the  principle  to  an  engineering 
])roblem  was,  I  believe,  Mr.  William  Fronde's  method,  proposed  in 
1870,  and  ('iu'ried  out  in  the  followinpj  years,  of  obtaining  the 
" wave-inakinu  "  resistance  of  a  ship  from  an  experiment  on  a 
small-scale  model  of  it  towed  in  water.  A  general  demonstration 
of  the  conditions  for  similarity  of  motion  in  water  flowing  tlu'ou*]jh 
orifices  under  gravity,  to  which  Mr.Froude's  problem  is  analogous, 
was  given  in  a  paper  read  before  this  association  at  the  Glasgow 
moetiii<^  just  40  years  «a*»o  by  Prof.  James  Thomson.  In  this  paper 
it,  wjis  proved  from  (lynamical  considerations  tliat  in  the  flow  of 
water  relative  to  siinihir  and  similarly  situated  orifices  similarity 
of  moiioii  in  corresponding  striviin-Iincs  would  only  take  place  if 
tho  linear  dinieti-sions  of  the  orifices  wcvp  proporl ional  to  the 
sqiiiires  of  tho  ('on'espomling  velocities  of  flow,  and  that  w  hen  this 
condition  was  fulfilled  t  he  discharge  would  bestrict  i  v  proporl  ional 
to  the  f  power  of  the  linear  dimensions  of  the  orifices  or  weirs. 
James  Thonisorrs  method  of  demonstration  was,  however,  some- 

*  Pap^n'  read  before  Section  G  of  the  British  A';sociation  at  Newcastle-on  TvDe, 
September  7Ui,  1916. 
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what  (*0111])11('11((*(1  for  goiioral  a})plicati()ii,  and  ol  Ium-s  luivc  sinc<' 
boon  dovolopod.  of  which  tho  simplest  and  most  rrudily 
applied  is  prohahlv  the  woll-kiiowM  one  duo  to  Lord  RHylei<j;h. 

Anothor  method  and  illustrations  of  its  application  to  sovoral 
of  tlio  prohlcMHs  (liscussod  in  tho  prosiMit  paper  has  m'nitly  1>(、(、" 
iiiviMi  bv  M r.  Kdi^ar  l^uckiiighain  in  a  p;i|u>r  <>n  "  Modrl  Kxpcri- 
iiHMits  '、  road  ho  lore  t  lie  Am(、ri ('； ui  Sociotv  of  Mochamcal  l':n"in(M、rs 
in  ISl T).  Tho  motluxl  now  udopted  is  to  write  down  a  list  of  all 
tlu、  viiri;i')lo  chiinictoristics  wliicli  can  affect  th(、  value  of  the 
piirticuliir  ('hanictoristics  which  \vc  wish  to  dviv vuu\u\  and 
applyin*^  the  principle  of  siniilitiulo  wo  obtain  a  relation  which 
must  exist  between  certain  other  characteristics  in  the  model 
and  the  full-sized  tost  in  order  that  the  observed  value  of  the 
|)artirulai'  characteristic  for  the  model  may  be  comparable  (i.e., 
in  a  known  ratio)  to  the  correspondinji;  one  in  the  full-sized  test. 
This  qualifyinu  relation  is  called  tho  Law  of  Comparison, 

It  would  appear,  therefore,  that  the  use  of  the  principle  of 
similitude  by  engineers  is  essentially  a  modern  device,  for  if  one 
i^Ianres  back  over  the  history  of  tho  design  of  structures  from  the 
earliest  times,  we  shall,  1  think,  find  no  definite  evidence  that 
small-scale  experiments  were  made  use  of  for  the  purpose  of  design 
up  till,  say,  50  years  ago.  The  principles  according  to  which  the 
proportions  of  the  great  works  of  architecture  of  past  ages  were 
evolved  have  always  proved  a  fascinating  subject  of  study, 
although  in  the  opinion  of  our  architectural  friends  it  is  one  upon 
which  no  engineer  should  have  the  presumption  to  offer  an  opinion. 
If  these  proportions  were  entirely  settled  by  aesthetic  considera- 
tions this  attitude  might  be  accepted  by  engineers,  but  it  is 
obvious  that  in  some  of  the  mediaeval  works  considerations  of 
equilibrium  and  of  the  strength  of  materials  are  of  first-rate 
importance,  and  it  is  with  such  cases  that  the  engineer  is  con- 
cerned. As  regards  the  methods  of  design,  it  was  the  opinion  of 
the  late  Prof.  Rankine  that  the  great  works  of  antiquity  evinced 
a  profound  study  of  the  principles  of  equilibrium.  This  statement 
will,  T  think,  be  generally  accepted  if  one  interpret  it  as  meaning 
that  the  study  consisted  of  close  attention  to  the  behaviour  under 
natural  forces  of  such  combinations  of  masonry  as  the  aesthetic 
instin?ts  of  the  designers  suggested. 

Again,  of  the  testing  of  materials  as  we  understand  it,  pre- 
sumably nothing  was  known  in  niedia?val  times,  but  we  may  be 
certain  that  the  early  designers  had  a  good  working  knowledge  of 
the  limiting  stresses  of  their  materials  which  was  the  result  of 
accumulated  experience  of  past  failures  of  full- sized  structures. 
I  am  informed  by  an  authority  on  the  subject  that  in  the  Gothic 
cathedrals  of  England  the  way  can  be  distinctly  traced  in  which 
during  some  hundreds  of  years  successive  designs  were  ； rsthoti- 
cally  improved  by  continuous  refining  in  lightness  of  construction 
until  a  stage  is  reachod  when  it  would  seeni  that  the  neci'ssarv 
courage  to  carry  out  the  design  failed  the  constructors.  r)oubtl(、-ss 
there  would  be  cases  also  in  which  the  necossary  courage  to  build 
was  found  and  it  was  the  structure  which  failed,  but  unfortunately 
these  episodes  are  apt  to  be  left  unrecorded.  In  slun't,  iiiiprovo- 
ment  in  construct'oiial  design  in  past  'd^vH  would  appear  to  have 
been  almost  (Mitirely  due  to  an  application  of  wliat  in  later  days 
has  come  to  bo  known  as  "  Tho  S(i|urers  Method/'  but  with  tliis 
liiiiitat'on,  that  th o  ohservat'ons  were  all  made  on  flu*  full-sized 
structure. 

I  think,  tliereforo,  one  may  fairly  conclude  that  scale-niodol 
testing  is  essentially  a  modern  invention.  It  would  not,  however, 
be  fair  to  the  early  pioneers  in  this  subject  to  attribute  the  nejrlect 
of  an  appreciation  of  tho  information  given  by  a  scale-model  test 
to  a  failure  to  realise  its  merits.  Their  probltMiis  nearly  always 
dealt  with  the  behaviour  of  structures  which,  wlien  they  failed, 
failed  under  their  own  weight,  and  not  und(M*  tho  action  of  external 
forces,  and  in  such  cases,  as  we  know,  tho  force  of  oravity  varies 
as  the  cube  of  th(、  linear  dinionsions  nnd  tli(、  ； uva  of  support  as 
the  square.  It  follows  that  a  .small-scale  model  of  a  .structure, 
when  made  of  tli(、  same  niatt'rial  as  the  structure,  is  essentially 
stronger  under  its  own  weight  than  the  structure  itsolf,  so  that 
without  tho  knowledge  of  the  ultimate  streii<ith  of  materials 
which  we  now  possess,  a  scalo-inodcl  test  would  be  worthless. 
Possibly  it  was  this  inherited  and  acquiml  knowledgr  of  the 
futility  of  any  small-scale  model  trst  applied  to  structures  under 
gravity  that  was  art'uun table  for  tho  gonrral  reluctance,  amongst, 
naval  architects,  to  accept  Mr.  William  Fronde's  suggestions  of 
predicting  the  wave- making  resistance  of  a  ship  fron\  an  experi- 
ment on  a  small-scale  model  of  it  towed  in  water  at  such  a  speed 
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wlimi  I,  fK  and  r  arc  (lie  lincvu'  dinicnsions,  density,  ； irid  velocity 
of  fluid  rvspcctivcly  (case  5  of  table  appended).  Kortutiatcly 
Mr.  Froudc  had  the  support  of  tlie  Board  of  Admiralty  at  the 
time,  and  was  enabled  to  carry  out  his  proposed  experiments, 
with  the  result,  as  we  all  know,  that  his  method  of  small-scale 
model  tests  is  now  universally  adopted  as  tho  only  reliahlo,  method 
of  the  determination  of  the  resistance  of  a  ship  of  vcn  propor- 
tions, cxeopt,  of  course,  the  heroir  one  of  testing  tli(、  full -sized 
ship.  This,  I  believe,  was  the  first  application  of  the  principle 
of  similitiulo  to  the  purpose  of  obtaining  the  data  for  the  design 
of  structures.  No  further  extoii.sion  of  its  use  has  taken  place 
until  comparatively  recently,  when  it  has  been  realised  that  it 
could  also  be  employed  to  obtain  some  of  the  necessary  data 
required  in  the  design  of  aircraft,  although  in  this  case,  as  we 
shall  see  later,  there  is  a  practical  limitation  which  does  not 
trouble  the  designer  of  ships. 

From  this  glance  at  the  extent  to  which  the  principle  of 
similitude  is  used  by  designers  of  structures,  the  conclusion  may 
follow  that  the  sole  value  of  small-scale  model  experiments  is  for 
the  determination  of  the  fluid  resistances  of  bodies  moving  in 
air  or  water.  Admitting  that  these  applications  of  the  method 
are  the  most  important,  it  by  no  means  follows  that  they  are  the 
only  useful  ones.  For  example,  although  the  use  of  tests  of 
small-scale  models  of  statically  loaded  structures  and  their  details 
has  not  hitherto  formed  part  of  the  routine  in  laboratories  for 
testing  materials,  it  is  probable  that,  in  Tiiany  cases,  such  tests 
would  give  more  valuable  and  more  reliable  results  than  the 
attempts  we  often  see  to  apply  the  simplified  elastic  theory  to 
problems  for  which  it  was  never  intended.  Thus,  in  calculations 
on  the  stress  distribution  in  beams,  we  are  accustomed  to  make 
certain  assumptions  as  to  the  manner  in  which  the  elastic  deforma- 
tion takes  place,  which  enable  us  to  apply  the  mathematical 
theory  of  elasticity  and  obtain  results  without  the  expenditure  of 
great  labour.  In  the  majority  of  cases  these  results  are  sufficiently 
accurate  for  our  purpose,  but  one  is  continually  coming  across 
cases  in  which  they  may  lead  to  quite  incorrect  conclusions.  The 
writer  has  often  been  inipres8(^d  l)y  the  apparent  horror  with  which 
the  rigid  elastician  is  acciistonu^d  to  regard  the  rockles.sness  with 
which  the  engineor  will  attack  yonie  extrcinoly  complicated  case 
of  stress  distribution  by  means  of  the  simple  beam  formula.  In 
such  cases  it  will  often  be  found  that  a  small-scale  model  test 
will  offer  the  best  solution  of  the  problem,  and  the  first  illustra- 
tion which  T  propose  to  give  of  the  use  of  th(、  principle  of  similitude 
deals  with  its  application  to  statically  loaded  struftures. 

To  thf  foregoing  ivma'rks  it  inn v  be  objected  that  if  the  appli- 
cation of  t'lic  principle  of  similitude  to  problems  of  design  means 
in  p;on(*ral  the  makiii<i  of  sniall-sculc  m(>(l(、l  tests,  then  this  principle 
is  already  in  universal  use  in  our  test'n^  lahoratorics,  since  the 
whole  practice  of  testing  materials  involves  the  assumption  that 
the  resistance  of  any  member  of  a  structure  can  be  predicted 
from  that  of  a  small  specimen  of  the  same  material  by  making  a 
test  to  destruction  of  it  and  assuming  that  the  relative  resistances 
in  tho  two  cases  vary  as  the  sectional  area.  Closer  examination 
will  show,  however,  that  this  practice  means  nothing  more  than  a 
recognition  of  the  fact  that,  as  far  as  the  resistance  of  members 
in  direct  tension  arc  concerned,  geometrical  similarity  can  be 
ignored,  i.r.,  the  limiting  load  may  be  taken  as  proportional  to 
the  area,  and  indcpoiidont  of  the  contour  of  the  section.  It  is 
now  coming  to  be  recognised  that  this  assumption  is  not  correct  ； 
that  in  the  caee  of  cast  iron  and  the  harder  steels  a  sudden  change 
in  section  will  cause  failure  at  lower  values  of  the  load  per  unit 
area  than  when  the  change  of  section  is  very  gradual.  Further, 
it  is  well  known  that  the  real  use  of  th(、  results  obtained  in  a 
testing  machine  from  tests  to  destruction  of  .small  specimens  of 
the  inatorial  froiii  which  large  structures  are  to  be  made  is  to 
determine  whether  the  chai'iU'toii.stics  of  the  inaf erial  attain 
certain  nroonisod  standards  of  |)*n'forman(  o  undor  this  kind  of 
test.  Now,  thes(»  standards  aw  not  only  standards  of  resistance, 
but  of  permanent  deformation,  and  in  this  latter  case  it  is  known 
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that  to  obtain  the  same  standard  from  specimens  of  the  same 
material,  these  must  be  geometrically  similar  if  they  are  not  all 
of  the  same  dimensions. 

This  fact  has  now  been  recognised  for  some  years  by  the 
Engineering  Standards  Committee  in  their  specification  for  test 
pieces.  In  this  sense,  then,  it  may  be  admitted  that  scale-model 
testing  is  in  use  in  our  testing  laboratories,  and  the  question  arises  : 
Can  its  use  be  extended  so  as  to  be  capable  of  application  to  scale 
models  of  the  structures  themselves  ？  Obviously  from  the  con- 
siderations already  pointed  out,  if  the  weight  of  the  structure 
itself  is  an  important  factor  in  the  total  loading,  it  is  of  little 
practical  value,  as  shown  by  the  conditions  (1)  and  ('')')  of  the  table 
appended.  If,  however,  the  weight  be  negligible,  an  application 
of  the  principle  of  similitude  (case  2  of  table)  shows  that  for  geo- 
metrically similar  and  similarly  loaded  structures  of  the  same 
material,  if  the  stresses  at  corresponding  points  are  the  same,  the 
loads  must  be  respectively  proportional  to  the  square  of  the 
linear  dimensions.  Careful  tests  of  similar  structures  of  various 
kinds  will  sliow  that  under  this  law  the  comparison  is  a  very  exact 
one. 

I  exhibit  now  two  sets  of  model  struts  which  have  been  tested 
in  this  way.    The  calculation  of  the  collapsing  load  of  a  strut  of 

Table. 


strikin<r,  the  application  of  the  principle  sliows  (oaso  i  of  table) 
that  the  law  of  comparison  is 

PiV  ― 

P2  V  ― 冗 

whore  ]\  V  and  E  arc  the  density,  velocity  of  striking,  and  modulus 
of  elasticity  respectively,  aiKl  that  im(l(n'  these  conditions  the 
ratio  of  the  stresses  is 

ll  ―  Pi  V 


The  interesting  facts  here  brought  out  are  that  the  stress  ratio  is 
independent  of  the  linear  dimensions  of  the  colliding  bodies,  and 
that  for  systems  of  the  same  material  equality  of  stress  is  deter- 
mined entirely  by  equality  of  striking  velocity.  This  was  first 
pointed  out  hy  Osborne  Reynolds  in  ]H7:]  in  a  paper  on  the  sand 
blast,  in  which  he  showed  that  the  stress  produced  on  the  surface 
of  glass  subject  to  a  sand  blast  was  independent  of  the  size  of  the 
particles.  A  consequence  of  this  law  which  may  appeal  inore  to 
the  present  audience  is  that  the  elastic  limit  of  an  armour  plate 
will  be  reached  by  any  size  of  similar  projectile  having  the  same 
vole  city  of  striking. 

If  we  pass  from  this  relatively  simple  case  of  impact  to  one  in 
Conditions  of  Scale-Model  Experiments  and  Comparison  of  Results. 


Conditions. 


(1)  Structure  under  own  weight  , 

(2)  Structure  under  external  load  only  

(3)  Structure  under  own  weight  and  external  loads . 

(t)  Impact  stresses  within  the  elastic  limit  

(5)  Wave-making  

(n)  Surface  friction   

(7)  Total  resistance  of  ship  

(8)  Thrust  of  propeller   

(9)  Resistance  of  projectile  


Geometrical 


(10)  Heat  transmission  from  hot  surfaces  to  fluids 
flowing  over  them. 
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W 


 EiZi2 


^2  h 


9h 


Pi  V 

V  一 

-， 

' " )、 _  h 
、h)  "2 

n、 

^2  h 

l'2 

- V7^  V, 

Comparison. 


' 1、) 


— /— 1— 

/i  _  Wi 

—一— ~WJ^i 


/  2 

('9 


丄 

77 


_  pi  h 

Pz  h 

^  Pi  V 

R2         P2.  ^2^ 
R2  一   P2  K'  V 

Rl  ―  Pl  ~3 


H, 


~2     Pl  o-^  0, 
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I  ―  Linear  dimension. 
= Temperature  difference. 


= Velocity. 
f  =  Stress . 


p  =  Density. 


Kinematieal  viscosity.     H  =  Thermal  conductivity. 


R  =  Total  resistance.     V  =  Velocity  of  sound.    W  =  External  load.     E  = 


= Specific  heat, 
of  I 


uniform  section  is  a  very  simple  matter,  but  when,  for  instance, 
it  is  made  taper  as  in  modern  biplanes,  for  tlie  ."ake  of  lightness, 
the  calculation  is  somewhat  tedious,  and  if  facilities  for  making-  a 
scale-model  test  exist,  I  think  it  is  probable  that  by  such  a  test 
a  more  accurate  prediction  of  the  resistance  of  the  full-sized  strut 
would  be  made  than  by  the  use  of  the  ordinary  methods  of  cal- 
culation. In  such  tests  it  is,  of  course,  of  the  utmost  importance 
that  the  end  constraints  should  be  practically  zero,  and  consider- 
af»le  care  was  taken  to  ensure  this  coiidition.  The  results  showed 
that  in  both  sets  tlio  ('(jllapsin 扒 r  loads  wm'  almost  exactly  propor- 
tional to  the  squares  of  the  linear  dimensions.  The  actual  values 
obtauHHl  were  : ― 

Maximum  load. 

For  the  i  size  model  . .        .  .    |  1^** 

一  (  ，， 

f      172  ，， 


i 


Another  illustration  of  the  application  of  the  principle  of 
similitude  to  structures,  which  has  heon  pointed  out  by  Lord 
Rayleigh,  is  in  the  deteniiination  of  the  stresses  set  up  hy  the 
impact  of  geometrically  similar  systems  under  the  condition  that 
the  elastic  limit  of  the  material  is  nowhere  exceeded.  For  greater 
generality  we  may  take  the  case  in  whioh  the  densities  of  the 
systems  are  not  the  same.  Assuming  that  the  stress  is  dependent 
only  on  the  linear  dimensions,  density,  elasticity,  and  velocity  of 


which  the  stresses  are  such  as  to  cause  fracture  of  one  of  the 
colliding  bodies,  as  in  the  modern  method  of  tcstino-  notched 
specimens,  the  law  of  comparison  becomes  complicated,  and 
although  considerable  attention  has  heen  devoted  to  the  subject 
by  M.  Char])y  and  others,  as  far  as  the  writer  is  aware  no  definite 
means  of  comparing  the  results  of  impact  tests  on  geometrically 
similar  specimens  under  impact  has  yet  been  evolved.  The  form 
of  specimen  which  has  been  standardised  by  the  International 
Association  of  Testing  Materials  is  one  .'JO  mm.  bv  ->()  mm.  in  section 
with  a  notch  15  mm.  deep  and  supported  on  knife  edges  120  mm. 
apart.  Of  course  in  many  investigations  a  specimen  of  this  size 
cannot  be  obtained,  and  in  this  case  a  geometrically  similar  speci- 
men to  one-third  scale  is  substituted  for  the  standard  one.  Un- 
fortunately it  is  found  tluit  the  results  of  tests  011  these  two  sizes  of 
specimen  are  not  in  agreement,  even  if  the  geometrical  similarity 
be  extended  to  the  dimensions  of  knife  edges  and  striking  hammer. 
Thus  for  mild  steel  it  will  be  found  that  the  energy  absorbed  in 
fracture  per  unit  volume  is  from  00  to  (iO  ])er  cent,  greater  in  the 
small  specimen  than  in  the  large  one.  This  is  for  the  same  velo- 
city of  striking,  and  it  would  appear,  therefore,  as  if  there  were 
some  speed  effect  which  affected  the  deformation  of  the  specimens. 
A  research  on  this  subject  has  been  commenced  at  the  National 
Physical  Laboratory,  and  definite  evidence  of  the  existence  of  a 
velocity  ofpect  on  the  work  of  rupture  has  been  ohtainod,  Imt  it  is 
evident  that  t'h(>  determination  the  n'mparison  conditions  will 
not  he  an  easy  task. 
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The  vase  of  scalo-imxlrl  (、x|""'im("" s  to  (let(、n"im、  llu'  viiluc  of 
tlu、  resistaiu'c  oxixm-'umummI  hy  solids  movinii  throuj^li  fluids  in  wliicli 
tlu、v  ； uv  wholly  or  part ially  imiuorsod  may  now  1"、  （'（m 卜 "Icn'd. 
The  most  iinportaiil.  or  at  any  rate  t ho  host  known,  of  t  h('s(>  tests 
is  Mr.  F rondo's  mot  hod  of  ohtivinin^  an  estimate  of  the  wavc- 
making  rosistjincc  of  ships,  to  wliicli  ivfm、n('t、  has  already  hvvu 
nuido.  The  i>rac'tical  application  ol'  tins  inotliod  involves,  ol" 
conrso,  tho  separation  of  the  resistance  duo  to  Kkin  friction  and 
(Ml<lv-niakiii<i  from  tluit  duo  to  wave-making,  since  those  do  nol 
follow  the  same  la.、v  of  variiition  witli  sp(、(、（l  ；  and  the  obvious 
luot  hod  of  iittackinii'  the  prol>l(>"、  of  the  total  resistance  of  u  ship 
would  1)0  to  discover,  if  possible,  tlu*  law  ol"  (-(Hiipar'son  for  surface 
irk'tioii  and  oddy-inakinu  and  iiiako  anothcM"  scale-nuxlol  (>xp(>ri- 
nipnt  for  the  doternunatioii  of  this  second  constituent  of  the 
resistance.  It  is  a  little  remarkable  that  this  law  of  comparison 
was  discovered  by  Osborne  Reynolds  in  Manchester  at  about  the. 
same  time  as  tlie  Fronde  Law  of  Comparison  was  enunciated  by 
Mr.  Fronde.  That  no  mention  appears  to  have  been  made  of  it  at 
the  time  may  ho  either  because  the  discoverer  was  too  much  con- 
cerned about  the  |)hiloso])hical  aspect  of  his  worlc  or,  more  prol)- 
ahly,  because  lie  realised  tliat  the  ])ractical  application  of  his  law 
was  out  of  the  <|iiestion,  for  the  prediction  of  ship  resistance  at 
any  rate. 

The  full  statement  of  this  law  of  comparison  (case  f)  of  table) 
is,  that  in  all  cases  in  which  the  forces  on  a  body  moving  in  a 
fluid  arise  from  the  viscosity  of  the  fluid,  i.e..  the  body  is  so  com- 
pletely submerged  as  not  to  set  up  surface  waves,  then  provided 
the  conditicn 

is  fulfilled,  whore  v,  I  and  r  are  the  velocity,  linear  dimensions,  and 
kinematical  viscosity  of  the  fluid,  the  ratio  of  the  resistances  is 
given  by 

El  =  Pjsl^ 

R2  ―  Pi  . 
This  is  the  basis  of  all  predictions  of  the  resistance  of  aircraft 
and  submarines  from  experiments  on  scale  models  in  air  or  water 
channels.  As  regards  its  practical  value  in  solving  engineering 
problems,  it  will  be  seen  at  once  that  the  difficulties  in  its  appli- 
cation are  enormously  greater  than  in  the  case  of  the  Froude  Law 
of  Comparison.  In  the  latter  case  the  model  speeds  are  consider- 
ably lower  than  the  ship  speeds,  whereas  in  the  former  the  speeds 
are  so  great  that  for  small-scale  model  experiments  in  the  same 
fluid  as  that  in  which  the  structure  moves  the  difficulties  are 
insuperable.  Thu,"  if  R  and  r  are  the  total  resistances  of  structure 
and  model,  we  have 

R  ―  、"  I」2  一 
r  ―      「2  ， 

and  since  v  I  =  Y\j,  R  =  r.  In  tho  case  of  Mr.  Fronde's  model  of 
the  '*  Greyhound  "  this  would  mean,  if  the  experiment  wore  made 
in  water,  a  model  s|)0(mI  of  .'J2()ft.  per  second  utkI  a  pull  on  tlie 
dynaiponieter  of  9,(M lOlhs.  It  is,  of  course,  not  necessary  that  the 
two  fluids  should  be  the  same,  and  if  we  could  find  a  finid  whose 
V  is  very  much  less  than  that  of  sea  water  the  (•orre8])o riding  speed 
of  the  model  would  be  proportionately  less.  Unfortunately,  such 
a  fluid  has  not  been  discovered,  and  there  is  not  much  hope  thac  it 
will  be.  In  the  case  of  aircraft  the  difficulties  are  very  appreciably 
reduced.  Suppose,  for  example,  that  we  are  designing  a  dirigible 
balloon  to  move  at  2()ft.  per  second,  and  wisli  to  find  its  resistance 
from  a  model  of  ^\jth  scale.  In  air  the  corresponding  speed  of  the 
model  would  be  4()()ft.  per  second,  and  impossible  to  realise.  If, 
however,  we  put  the  model  in  water,  then  since  water  has  only 
Y^^th  of  the  kinematical  viscosity  of  air.  the  speed  would  be  :>(lft. 
per  second,  and  comes  into  the  region  of  possibility.  This  is  a 
very  high  speed  for  a  water  tank  experiment,  but  if  we  were  to 
heat  the  water  to  80°  C.  we  could  reduce  its  viscosity  by  one-half 
and  so  bring  the  s])eod  down  to  ir)ft.  per  sccord. 

It  is  not  always  realised  that  a  detennination  of  tho  coniplete 
resistance  of  a  ship  from  a  single  exporiuient  on  a  towed 麵 (lei 
could  l)e  made  if  a  fluid  of  suflicient Iv  low  viscosity  could  he 
obtained  in  large  quantities  very  cheaply.  For  exain})k\  the 
combination  of  tlio  two  sets  of  coiiditiona 


If,  llion^l'oro.  ji  fluid  of.  .say  of  Mic  visf-osily  of  wat*T 

could  I"'  producfvl,  ； ill  tlia*  would  In',  rcquiml  to  predict  tlu; 
(*<»iii|)lrtc  n'sist-iiiicc  ul'  a,  slii|>  jit  12  knots  would  h(，  to  tow  n  th 
sciilo  model  of  it  jit  3  knots  in  the  fluid  of  low  viwoHity,  and  tho 
total  rcsistaiu'c  of  tlir  ship  、v"iil(l  1  ,()!)(>  tiitwH  tha  olm'rvod 
rcsistniUM'  of  the  model.  It  is,  of  courso.  ttic  i)U|M>ssil>ilitv  of 
I'mding  such  ；',  Ihiid  wliich  n(*C(^ssitate.s  the  laborious  and  N'HS 
jic(Himte  iiictluKl  of  naval  arch i toots,  wliich  is,  in  the  first  place, 
t'>  doterniino  tlw  wave-making  rosistanrc  of  the  model  l>y  .sub- 
tracting from  its  total  msistan(，(、  a,  value  for  its  surface  friction 
ami  0(1  d y - 1  n a l\ i  11  <^  I'o s i s t a n c c  which  is  calculated  from  cxperiiiH^nts 
on  thin  plates  tow<»d  in  water.  The  value  of  th(^  wave-making 
rcsistanco  of  tli(、  ship  is  th  on  riil('ulat*Hl  from  the  at">v(>  n»(l，i('tion， 
and  to  this  is  a(i 山、 （I  anotluM'  value  <»f  the  surface  friction  and 
o(l(ly-iHa.kinj>  resistance  of  the  sliip,  also  calfulat^'d  fnmi  plate 
cxperinionts. 

Now,  a]tliou*i:h  the  error  in  applying  the  results  of  plate 
experiments  to  the  case  of  a  ship's  hull  is  certainly  not  a  very 
large  one,  there  is  no  doubt  that  this  determination  of  .skin 
friction  is  not  nearly  so  accurate  as  the  determination  of  the 
wave-making  resistance.  The  reason  is  that,  the  motion  of  the 
water  round  the  hull  is  not  similar  to  that  relative  to  a  plank,  as 
may  bo  soon  by  examination  of  the  stream  lines  by  the  colour 
method.  In  the  case  of  ships  with  fine  lines,  the  breadth  of  the 
eddying  holt  at  t b 0  stern  is  small,  but  as  the  lines  become  fuller 
the  stream  lines  tend  to  break  away  and  leave  a  comparatively 
large  eddying  region  at  the  stern.  If  the  extent  of  this  region 
remained  constant  for  a  particular  form  of  hull,  a  correction  could 
be  made  lor  it，  but  it  is  known  that  it  depends  upon  the  speed, 
and  therefore  the  surface  exposed  to  skin  friction  is  not  the  same 
for  all  speeds.  Tt  will  be  realised  that  the  greatest  possible  care 
is  required  in  making  the  calculations  of  skin  friction  with  the 
existing  methods. 

Thntst  of  Propeller. —- Another  interesting  example  of  the 
application  of  the  principle  of  similitude  is  in  the  prediction  of 
propeller  thrusts  from  experiments  on  scale  models  of  them  in 
water  or  air.  In  this  case,  it  will  be  necessary  to  consider  the 
effect  of  size  (Z)，  revolutions  (w)，  speed  of  advance  (r),  and  the 
density  (/))，  viscosity  (v),  and  elasticity  of  the  fluid,  and  also  in 
the  ca&e  of  water  propellers,  since  the  immersion  is  not  generally 
80  great  as  to  prevent  surface  disturbance,  the  effect  of  gravity. 
Applying  the  principle  of  .similitude,  it  is  found  that  the  law  of 
comparison  is  a  complicated  one  (case  8  of  table),  and  involves 
four  conditions,  i.e., 


9?1 

一 

«1  h           1'2  1： 

一  ； 2 

^1  "2 

― llz 

一 

Vi  ―  % 

leads  to 


= ― case 


of  table). 


(where  V  i.s  the  velocity  of  soiuid  in  the  fluid),  and  if  these  con- 
ditions are  fulfilled,  the  ratio  of  the  thrusts  is 

T,  _  Pi 

1  2  P2  "3 

It  is  obvious  at  oiice  that  if  only  one  fUiid  is  available  the  con- 
ditions can  only  bo  fulfilled  if  I 、  二 "，  which  a})})ears  to  preclude 
any  possibility  of  a  small-scale  model  test.  On  consideration, 
however,  it  will  be  seen  that  the  conditions  are  not  all  essential 
in  practice,  and  that  some  of  them  can  be  violated  without  risk 
of  appreciable  error.  In  the  first  place,  for  water  propellers,  the 
ratio  of  the  speed  of  the  propeller  blade  tips  to  the  velocity  of 
sound  in  water  is  so  small  that  no  effect  of  elasticity  of  the  water 
need  be  apprehended.  Further,  sinc(、  the  motion  of  the  water 
round  thr  blades  is  extremely  turbulent,  it  is  pmbable  that  the 
viscosity  cflVct,  is  n"glit^n)k'.  Tlu*  ivniaininj>"  two  conditions  can 
1)0  satisfinl,  i.<，.、  tli"  slips  arc  niadi*  thr  same  and  the  spocds 
roiiulat(Hl  according  to  Froiulo's  Law  of  Comparison.  For  aerial 
propellers  the  velocity  of  the  tips  may  amount  to  from  300ft.  to 
400ft.  second,  .so  that  its  ratio  to  the  velocity  of  sound  in  air 
becomes  appreciable.  Recent  experiments,  however,  appear  to 
show  that  even  at  these  speeds  the  effect  can  be  neglected,  and, 
therefore,  since  in  this  case  there  is  no  necessity  for  the  observance 
of  Froude/ s  law,  the  assumption  is  now  generally  made  that  in 
air  experiments  the  only  condition  for  comparison  is  constancy 
of  slip. 

Resistance  of  Project  if  es, 一 Tn  considering  the  case  of  projectiles, 
the  compressibility  of  the  air  becomes  the  most  important  factor 
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in  the  comparison  owing  to  the  fact  that  energy  is  being  con- 
tinually drained  away  in  compression  waves  at  the  front  and 
rear  of  the  projectile.  Tho  law  of  comparison  will,  therefore,  be 
(case  9  of  table) : 一 

Vi      ―      I2  ^1 
and  under  these  conditions  the  ratio  of  the  resistances  will  bo 

R2  —  fH  ^%  ^% 

Here,  again,  if  the  same  fluid  is  used  for  both  experiments ― 
？,"  I'l  =  j'o  and  Vj  =Vo ― no  small-scalo  model  experiment  is 
possible.  If  the  viscosity  effect  be  neglected  as  relatively  unim- 
portant, an  assumption  which  appears  to  be  justifiod,  the  law  of 
comparison  becomes  that  of  equality  of  muzzle  velocities.  It  is 
of  interest  to  note  that  the  change  of  medium  for  the  model 
experiment  from  air  to  water  which  was  found  to  be  helpful  in 
the  case  of  models  of  aircraft  presents  much  greater  practical 
difficulties  for  projectiles.  Thus,  if  we  carry  out  the  model 
experiment  on  the  model  projectile  in  water,  since  the  velocity  of 
sound  in  water  is  about  four  times  that  in  air,  the  speed  of  the 
model  in  water  would  have  to  l)e  four  times  that  of  the  full- sized 
projectilo,  or,  say,  9,000ft.  per  second.  The  comparison  condition 
would  then  give  a  value  of  the  linear  dimension  of  }  x  I,  or 
^in.  diam.  for  a  1 3in.  shell. 

Heal  Ti'armnissiov. 一 The  last  illustration  will  be  that  of  the 
ap])lication  of  the  principle  of  similitude  to  problems  in  heat 
transmission  from  heated  metal  surfaces  to  fluids  flowing  over 
them.  This  is  of  special  interest  at  the  present  time,  since  it 
bears  on  researches  on  the  possibility  of  increasing  the  speed  of 
aeroplanes  by  the  use  of  air-cooling  of  petrol  engine  cylinders 
instead  of  the  ordinary  method  of  water  cooling.  As  regards 
convection  of  heat,  the  theory  was  laid  down  by  Osborne  Reynolds 
that  from  the  identity  of  the  two  molecular  phenomena  hy  means 
of  which  convection  of  heat  and  convection  of  momentum  or 
surface  friction  were  carried  on,  their  dependence  on  the  con- 
ditions of  motion  of  the  fluid  would  be  the  same.  From  this  it 
follows  that  in  the  case  of  a  fluid  at  temperature  /，  flowing  at  a 
velocity  of  v  through  a  pipe  whose  surface  is  maintained  at  a 
temperature  T^,  the  heat  transmitted  per  unit  area  by  convection 
Avould  be 


where  o-  is  the  specific  heat  per  unit  mass  at  constant  pressure, 
and  R  is  the  skin  friction  per  unit  area.  It  was  pointed  out  by 
Reynolds  that  this  value  would  not  be  strictly  correct,  since 
ultimately  the  heat  is  transmitted  from  tlie  metal  to  the  fluid  by 
pure  conduction  tlirough  a  thin  film  at  the  walls,  so  that  a  factor 
depending  on  the  conductivity  would  bo  needed.  It  is,  of  course, 
possible  to  investigate  the  form  of  this  factor  by  making  certain 
assumptions  as  to  the  thickness  of  the  surface  film  (which  is 
certainly  too  thin  to  admit  of  direct  measurement)  ；  but  a  hopeful 
method  of  attacking  the  problem  would  appear  to  be  by  scale 
model  experiments  when  once  the  law  of  similarity  has  been 
obtained.  To  do  this,  assume  that  the  heat  transmission  (H) 
depends  on  the  linear  dimensions  (/)  and  surface  friction  (R)  of 
the  pipe,  and  on  tho  specific  heat  (cr),  density  (p),  thermal  con- 
ductivity (A),  and  'speed  of  the  fluid  (r),  and  on  tho  range  of 
toniperature  between  metal  and  fluid  (0).  Tho  application  of 
the  principles  then  gives  for  the  law  of  comparison 

―    1^2      and         ^1  ^2 

Pi  ―  Pi  '  h  "1  P\  ^1  ―  k  ？， 2  P2  ^2 

and  under  these  conditions 
―  Zi^i  px  cTj 

―  t^^  Vo  p2  ^2  ^2    (case  10  of  table). 
It  would  soem,  therefore,  that  in  this  case  an  invo.stifjation  of 
the  problem  by  model  exporimonts  might  prove  a  very  fi'uitful 
research. 

In  conclusion,  it  is  hoped  that  the  foregoing  brief  sketch  of 
the  application  of  the  principle  of  similitude  to  some  of  the 
])rol»lcni8  of  the  engineer  may  tend  to  correct  an  impression  which 
is  still  prevalent  that  there  is  only  one  law  of  comparison  for 
Rcale-niodol  tests,  and,  further,  that  it  may  afford  some  indication 
of  the  value  of  tho  method  in  dotorniining  when  a  scale-mode  1 
test  is  possible,  and  the  precise  conditions  under  which  it  】iuist, 
be  made  if  tlic  results  are  to  1"、  r('lial'l('. 


THE  IDEAL  ELECTRIC  FURNACE  FOR  THE  STEEL 
FOUNDRY.* 

BY  F.  J.  RYAN,  E.  E.  MC.KEE,  AND  AV.  D.  WALKER. 

A  SHORT  study  of  all  electrical  steel  furnaces  now  aclinitted  to 
be  practical  will  show  that  the  great  simplicity  in  operation 
and  construction  of  the  single-pliase  or  single- electrode  fur- 
nace eliminates  confusing  details,  and  makes  it  possible  for  the 
foundry  to  change  from  converter  or  crucible  steel  practice  to 
that  of  electric  steel  with  least  loss  of  time  and  with  least 
change  in  the  existing  organisation. 

For  foundry  work  the  electric  steel  furnace  converts  a 
charge  that  consists  almost  entirely  of  scrap  steel,  and  it  is 
tlie  grade  of  scrap  available  whicli  largely  determines  the  lin- 
ing to  be  used.  Where  the  scrap  has  the  same  phosphorus  and 
sulphur  content  as  is  desired  in  the  finished  product,  the  acid 
lining  is  tlie  most  satisfactory  and  econoTtiical  in  practice  ；  (1) 
because  of  the  ease  and  simplicity  of  operation  ；  (2)  because 
of  the  difference  in  cost  between  acid  and  basic  lining  mate- 
rial ； and  (3)  because  of  the  greater  heat  loss  when  refining  on 
a  basic  lining.  Where  the  phosphorus  and  sulphur  must  be 
lower  in  the  finished  product  than  in  the  charge,  or  where  it 
is  not  possible  to  secure  selected  scrap  the  analysis  of  which 
is  known,  the  basic  lining  must  be  used  because  only  on  a  basic 
lining  can  the  phosphorus  and  sulphur  be  reduced.  In  the 
production  of  many  special  steels  where  no  reduction  of  phos- 
phorus or  sulphur  or  both  is  necessary,  the  basic  lining  is  also 
used  because  the  alloy  content  can  be  more  readily  controlled 
to  the  definite  points  that  are  desired,  and  the  loss  in  alloy 
addition  is  less. 

On  the  other  hand,  this  reducing  of  the  phosphorus  and 
sulphur  on  a  basic  bottom,  or  holding  the  heat  while  making 
alloy  additions  and  awaiting  determinations,  adds  consider- 
ably to  the  cost  of  production.  The  fundamental  principle  in 
electric  steel  furnace  construction  is  the  proper  application  of 
heat  and  the  reduction  of  heat  losses.  Heat  may  be  conserved 
as  well  in  a  basic  as  in  an  acid-lined  furnace,  except  for  the 
additional  loss  clue  to  radiation  resulting  from  the  increased 
time  necessary  to  refine  the  metal.  It  is  an  advantage  to  have 
a  way  to  reduce  the  voltage  and  tlie  power  input  while  holding 
the  metal  for  refining,  so  as  to  minimise  this  loss  and  to  save 
the  linings  and  the  steel  from  overheating.  As  regards  the 
application  of  the  heat,  single-electrode  practice  differs  radically 
from  three-electrode  furnace  practice  in  the  speed  of  melting 
down,  but  in  any  event  both  single  and  three-electrode  fur- 
naces are  now  operating  on  both  basic  and  acid  linings  with 
commercial  results. 

A  basic  lining  usually  is  built  up  of  magnesite,  dolomite, 
magnesite  brick,  or  some  combination  of  these  materials.  The 
roof  of  the  furnace  is  ordinarily  of  silica  brick  as  in  acid 
practice.  It  should  be  possible  with  any  electric  steel  furnace 
to  change  from  acid  to  basic  or  vice  versa  whenever  desired. 
In  such  a  furnace  the  foundrynian  can  use  the  lining  best 
suited  to  conditions  in  the  scrap  market. 

The  electric  steel  furnace  which  produces  the  finished  pro- 
duct in  the  sliortest  possible  time  is  the  most  economical  as 
regards  power  consumption,  for  the  reason  tliat  the  actual 
power  needed  for  the  conversion  of  the  charge  is  the  same  in 
all  cases.  The  reason  why  a  single-electrode  or  single-phase 
furnace  can  produce  the  finished  product  in  a  short  space  of 
time  is  because  in  the  single-phase  furnace  it  is  possible,  with 
a  high  voltage  and  a  long  arc,  to  put  into  the  furnace  more 
power  within  a  given  period  of  time. 

The  simplicity  of  the  electrode-control  apparatus  in  the 
single-electrode  furnace  has  made  it  possible  to  develop  the 
open-roof  type  electric  steel  furnace,  a  cross-section  of  which 
is  shown  in  the  accompanying  illustration.  This  type  allows 
quick  charging,  preferably  by  mechanical  means,  thereby 
increasing  the  number  of  heats  and  cutting  down  heat  losses 
during  charging.  By  plastering  up  the  juncture  of  the  roof 
and  tlie  body,  and  closing  up  the  spout  with  a  sliding 
door,  the  furnace  can  be  almost  completely  sealed  up 
while  melting  down.  There  is,  of  course,  no  weakness  in  lining 
structure  with  such  a  furnace.   This  open-roof  type  of  electric 

*  Abstract  of  paper  read  at  the  recent  annual  meoting  of  the  American 
Foundry nion's  Association.  September,  1916. 
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sU't'l  t'uniju'i'  litis  been  thoroughly  lost od,  and  is  presented  not 
； IS  an  idea,  but  as  a  working  aiul  praclical  design.  A  miml)(、i' 
of  these  furnaces  are  now  in  commercial  ojuMutioii. 

The  question  naturally  arises  whether  quick,  small  lieats 
are  an  advantage  over  larger  heats  at  longer  periods— in  other 
、v(ir(ls,  whetlier  the  steel  found ry  can  take  care  of  10  to  12 
small  heats  in  24  hours  better  than  it  can  take  care  o I'  six  to 
eight  larger  ones.  This  comes  down  to  the  practice  in  the 
iiulivitlual  found  ry,  but  without  a  doubt  the  majority  of  foun- 
dries would  find  it  more  convenient  to  take  oil'  five  lieats  per 
12  hours  or  10  lieats  pei'  24  hours  rallior  tluiii  three  ami  six 
lieats  over  the  same  periods. 

The  number  of  heats  that  can  be  secured  from  an  electric 
steel  furnace  also  has  an  important  bearing  upon  the  con- 
sideration of  the  initial  price  of  the  equipnieiit.  The  logical 
melliod  o f  iiioasuring  the  capacity  of  electric  steel  furnace 
cqui])nieiit  is  by  output  over  a  given  period  of  time,  and  not 
by  holding  capacity.      The  furnace  which  can  produce  the 


OpKN  TYri:  OF  Elix'tric  Furnace. 


greatest  amount  of  material  over  a  given  period  of  time  is  the 
most  economical  unit.  The  single-electrode  furnace  delivers 
the  quick  heats  and  allows  great  production. 

Table  I. 一 Operation  of  a  ^-fo/f  Sin</le-eleviro(le  Basic  F nrnarc 
at  the  Gerlin  f/er  Steel  ( '(fstlfif/  Company^  Mil ircmkcc^ 
Januan/^  Fein  mit'jj,  and  M"rcJi，  1916. 


Total  output,  tons    274*23 

Total  electricity,  kw.-lir  ,   146,160 

Average  kw.-lir.  per  ton   533 

Average  lbs.  per  heat    1,885 

Average  cost  per  ton  metal  in  the  ladle   iif28.93 


In  Table  I.  is  a  summary  of  the  results  obtained  in  a  ^-ton 
single-electrode  Snyder  furnace  in  the  plant  of  the  Gerlinger 
Stoel  Casting  Company,  Milwaukee,  Wis.  This  furnace  was 
lined  basic.  It  was  guaranteed  to  produce  three  toils  of  steel  per 
12  hours  with  power  consumption  at  the  furnace  not  in  excess 
of  880  kw.-hrs.  per  ton  of  steel.  In  actual  practice  the  furnace 
lias  often  produced  four  heats  of  2,0001bs.  for  a  total  of  four 
tons  in  slightly  more  than  11  hours.  The  power  consumption 
on  the  primary  side  of  the  transformer  averaged  only 
533  kw.-hrs.  per  ton  over  the  period  of  three  months.  A  larger 
single- electrode  furnace  has  since  been  installed  by  this  com- 
pany, and  is  now  operating  with  satisfactory  results. 

A  record  of  a  complete  day's  run  in  the  plant  of  the 
Dayton  Steel  Foundry  Company,  Dayton,  ().，  showed  that  in 
the  total  time  (24  hrs.  40  miiis.)  the  total  output  was 
27,8001ba.  ；  the  average  charging  time,  22  mins,  ；  average 
melting  time,  72  inins.  :  average  pouring  time,  12  mins.  ;  and 
average  time  per  heat,  106  mins. 

This  performance,  the  production  of  ]4  lieats  of  a  ton 
apiece,  melting  cold  steel  scrap,  over  a  period  of  24  hrs.  and 
40  mins.  is  hard  to  believe.  Tlie  furnace  whicli  made  this  run 
is  a  1  A-toii  single-electrode  furnace  lined  acid .  The  question 
iiatii rally  arises  why  this  furnace  was  charged  with  only 
2,0001bs.  if  it  is  a  3,000lbs.  furnace.  This  depends  upon  the 
practice  in  the  individual  foundry.  Some  overload  and  some 
underload  their  furnaces.    In  a  similar  furnace  to  that  at 


DaytoiJ,  ilio  ('rucil)lo  SUu'l  Casting  Conipany,  Milwaukee,  Wis., 
lias  dwu'ged  up  lo  3，8()()lbs.,  and  averages  above  3,0001  bs. 

Tlie  various  items  tiiat  enter  into  the  conversion  (！ osl 
im'hide  labour,  refractories,  electrodes,  repairs,  accessoricH, 
electricity,  and  overhead. 

人〃" 〃/,.—()"  a  furnace  up  to  ：卜 to"  size  only  one  oporator, 
； I  inelter,  should  l)e  necessary.  On  larger  furnaces  tliis  mdter 
should  liave  an  assistant.  Tlie  commcm  labour  will  not  involve 
a  given  number  of  men,  as  llie  woi  k  around  the  f urnare  is  not 
suHicieiii  to  re(iuh'e  all  the  time  of  the  labourers.  They  will 
be  needed  a  ])ait  of  the  time  for  wheeling  the  scrap,  for  taking 
care  of  the  ladles,  and  for  charging  the  furnace.  The  size 
of  the  furnace,  the  lay-out  of  the  foundry,  the  inetliod  of 
charging,  and  the  method  of  pouring  will  all  affect  this  cost. 

liejracforifs. ― The  life  of  the  roof  and  linings  depends 
largely  upon  the  care  of  the  furiiacemau  and  the  pra/— 'Uce  in 
the  individual  foundry.  It  is  easy  to  point  out  isolated  cases, 
such  as  that  of  the  Crucible  Steel  Casting  Company,  Milwau- 
kee, where  one  roof  on  an  acid-lined  single-electrode  furnace 
lasted  more  than  650  heats.  Generally  speaking,  the  roof  and 
side  walls  of  an  acid-lined  furnace  should  last  from  200  to 
250  lieats.  The  bottom  of  both  basic  and  acid- lined  furnaces 
should  last  for  a  year  or  more. 

Electrodes, —— The  electrode  consumption  will  also  vary 
according  to  the  care  taken  by  the  furnace  operator.  It  is 
easy  to  point  out  other  isolated  cases,  such  as  the  Crucible 
Steel  Casting  Company  again,  where  the  electrode  consump- 
tion over  several  months  averaged  between  2ilbs.  and  31bs.  to 
the  ton  of  steel.  In  practice,  the  consumption  will  range  from 
3ilbs.  to  51bs.  per  ton  of  metal  in  the  ladle. 

Ee pairs  and  A  reessories. —— Repairs  and  accessories  are  a 
very  small  item  of  the  conversion  cost.  They  will  add  about 
Is.  3d.  per  ton  on  a  |-ton  furnace,  and  will  gradually  decrease 
as  the  sizes  of  furnaces  grow  larger. 

Elect ricit  ij. ― The  cost  of  the  power  will  be  affected  by 
whether  the  furnace  is  operating  on  straight  melting  down 
or  on  melting  down  and  refining.  The  method  of  charging  is 
important,  and  the  time  required  dependent  upon  whether 
hand  or  mechanical  means  are  used.  The  amount  of  care 
taken  in  killing  the  metal  will  be  another  important  item.  The 
Dayton  Power  and  Light  Company  advise  as  follows :  "  From 
all  the  records  we  have  on  the  Snyder  electric  furnace  installed 
by  the  Dayton  Steel  Foundry  Company,  the  current  consump- 
tion has  not  exceeded  480,  in  fact,  the  average  is  between 
470  and  480  kw.-hrs.  per  ton  of  steel."  The  record  at  Dayton 
is  on  straight  melting,  on  an  acid-lined  furnace,  using  good 
scrap. 

Ovcrlu  <!<1, —— The  authors'  practice  is  to  charge  burden  in 
at  20  per  cent,  to  cover  interest,  depreciation,  and  taxes.  Tlie 
charge  and  additions  will  vary  in  relation  to  the  market. 

The  electric  furnace,  no  matter  of  what  type,  has  now 
passed  beyond  the  experimental  stage  and  has  entered  into 
actual  commercial  operation,  entirely  separated  from  chance 
or  unknown  results.  The  steel  fouiidryman  can  feel  that  in 
mterestiug  himself  i)i  the  electric  steel  furnace  he  is  making 
a  step  forward  in  his  field  and  business.  Observations  of 
foundry  men  and  investigations  made  by  men  prominent  in 
the  steel  industry  show  clearly  that  steel  produced  in  the  elec- 
tric furnace  has  a  greater  strength  and  a  more  uniform  struc- 
ture than  steel  from  the  converter,  open -hearth  or  crucible. 
This  being  so,  the  fouiidryman  can  only'  ask  himself  whether 
or  not  his  business  demands  a  change,  and  whetlier  or  not 
competition  from  outside  sources,  where  electric  furnaces  are 
being  used,  is  not  liable  to  endanger  an  established  business 
that  he  has  built  up.  Manufacturers  are  basing  their  pur- 
chasing requirements  more  and  more  upon  figures  of  specific 
performance  and  actual  tests.  This  is  tending  to  eliminate 
the  personal  element  that  business  has  had  for  many  years. 
Therefore,  it  will  be  a  question  of  quality  and  price  that  here- 
after will  largely  determine  the  volume  ot  business  that  any 
steel  found  ry  is  liable  to  obtain.  IF  quality  and  price  are 
to  be  tlie  standards  upon  wliich  the  volume  of  business  is  to 
be  based,  necessarily  the  foundryman,  when  he  begins  the 
investigation  of  electric  steel  furnaces,  should  convince  him 化 If 
thoroughly  that  the  unit  lie  buys  will  be  the  most  practical  for 
iiis  requirements,  and  will  produce  his  steel  for  the  lowest  unit 
cost. 


286  THE  MECHANICAL 


NEW  TYPE  OF  BALANCED  ROTARY  VALVE. 

Within  the  last  few  yea  is  a  luiinber  of  different  ty])es  of 
valves,  for  automobile  gas  engines,  have  been  invented,  the 
purpose  being  to  overcome  some  of  the  many  disadvantages  of 
the  poppet  valves.  The  principal  desirable  features  for  auto- 
mobile engine  valve?  are  as  follows  ：  Noiseless  operation,  simple 
and  substantial  construction,  light  weight,  small  consumption 
of  power,  large  port  openings,  high  opening  speed,  no  possi- 
bility of  being  damaged  by  lack  of  oil,  long  life  of  valve,  little 
wear  from  use,  perfect  cooling  and  oiling  under  all  conditions 
of  operation.  The  following  design,  presented  by  Mr.  R.  J. 
Gilcher  in  the  ''  Sibley  Journal  of  Engineering/'  is  the  out- 
come of  an  attempt  To  produce  a  valve  embracing  the  largest 
number  of  the  most  desirable  features. 

Referring  to  Fig.  1，  the  conical  valve  1,  which  rotates  at 
half-crankshaft  speed,  has  a  single  port  2  registering  with  the 
inlet  3  and  exhaust  4  ports  formed  in  the  cylinder  head.  To 
the  hollow  shaft  5，  which  is  an  integral  part  of  the  valve,  is 
fastened  an  equaliser  6  that  rotates  with  the  valve.  The 
equaliser  contains  two  rings  making  the  space  above  it  gas- 
tight.  The  object  of  the  equaliser  is  to  equalise  the  pressure 
of  the  gas  in  the  cylinder  against  the  valve.  Du ring  explosion 
a  very  small  aniount  of  gas  passes  up  through  the  hollow  shaft 
and  fills  the  space  above  the  equaliser.  The  equaliser  is  of 
such  size  that  the  pressure  of  the  gas  down  on  it  is  equal  to 
the  pressure  of  the  gas  upon  tlie  valve.  In  the  actual  engine 
the  size  of  the  equaliser  is  slightly  less  than  as  stated  above,  so 
there  will  be  a  slightly  greater  pressure  of  the  valve  against  its 
seat  during  expansion.  This  ensures  that  the  leakage  of  gas 
will  be  a  minimum  consistent  with  the  power  required  to 
operate  the  valve  and  conditions  of  oiling.  The  pressure  curve 
of  the  valve  against  its  seat  is  as  shown  in  Fig.  2.    The  spring 


Vui.  1.— Bat.ancki)  Hot  a  It  y  Valvk. 

7  has  the  double  purpose  of  liokling  the  helical  gear  8，  wliicli  is 
keyed  to  the  shaft  so  as  to  allow  a  slight  vertical  inotion  with 
respect  to  the  stem,  down  on  the  ball  bearing  and  up  on  the 
valve  equaliser,  so  as  to  keep  the  pressure  of  the  valve  against 
its  seat  constant.  The  size  of  the  equaliser  and  the  spring  are 
so  constructed  that  the  power  required  to  operate  the  valve  is 
a  minimum,  consistent  with  leakage  and  oiling  conditions  as 
stated  above.  At  9  is  shown  a  set  of  concentric  rings,  the 
centre  being  vertically  over  the  geometric  centre  of  the  valve 
port.  The  functions  of  the  rings  are  to  reduce  the  pressure  on 
the  e(jualiser  by  an  amount  equal  to  the  reduction  of  pressure 
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due  to  tlie  valve  port.  During  explosion,  as  the  gas  tends  to 
pass  the  reduction  rings,  eddy  currents  are  set  up  between  the 
rings  which  prevent  the  flow  of  the  gas.  Since  the  flow  of  gas 
is  an  intermittent  transient  flow,  the  rings  are  therefore  very 
effective.  At  the  centre  of  the  rings  is  a  small  hole  which 
allows  any  gas  that  has  passed  the  rings  to  flow  out  so  that  the 
effective  pressure  inside  the  rings  will  be  zero. 

The  valves  in  the  motor  are  driven  by  a  shaft  passing 
through  tlie  head  of  all  the  cylinders.    Each  valve  is  geared 
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Balanced  Rotary  Valve. 

to  this  shaft  by  a  pair  of  helical  gears,  the  shaft  rotating  at 
twice  the  valve  speed.  The  horizontal  shaft  is  geared  to  the 
crankshaft  through  a  vertical  shaft  in  the  front  of  the  motor 
which  also  o])erates  the  fan.  Only  helical  gears  are  used  in 
the  motor,  wiiioli  makes  the  operation  absolutely  silent.  With 
the  motor  running  at  constant  speed,  all  parts  of  tlie  valve  also 
rotate  at  constant  speed.  The  only  parts  of  the  motor  that 
reciprocate  are  the  pistons  and  connecting  rods. 

The  shape  of  the  combustion  cliamber  is  almost  ideal,  hav- 
ing no  pockets  to  cool  the  gas  and  lower  the  efficiency  of  the 
engine.  The  valve  ports  are  large  and  give  an  opening  curve 
as  shown  in  Fig.  3.  The  surface  of  the  valve  seat  is  conical 
(Fig.  4),  and  therefore  is  not  affected  by  wear  from  use.  The 
valve  seat  faces  downward,  which  prevents  any  collection  of 
carbon.  It  is  an  easy  matter  to  oil  the  bearing  surface  of  the 
valve  since  the  bearing  pressure  is  low  and  nearly  constant. 
Due  to  the  low  bearing  pressure  the  power  required  to  operate 
tlie  valves  is  very  small,  and  is  a  negligible  portion  of  the  power 
output  of  the  motor. 


ELECTRIC  POWER  DISTRIBUTION.* 

BY   CHARLES   H.  MERZ. 

(i  ■onciuded  from  page  27 2.) 

An  urgent  matter  for  settlement  is  the  standardisation 
and  unification  as  rapidly  as  possible  of  the  frequency  and 
voltage  adopted  for  distribution  purposes  in  neighbouring 
localities.  Electrically  this,  as  I  have  said,  is  as  important  as 
having  all  the  railways  of  uniform  gauge.  It  is  not  proposed 
that  uniformity  of  frequency  and  voltage  should  be  established 
throughout  the  whole  country,  as  this  would  entail  the  scrap- 
ping of  a  very  large  amount  of  valuable  plant,  but  there  would 
be  no  difficulty  (azid  considering  the  issues  at  stake,  compara- 
tively little  expense)  in  standardising  a  single  frequency  for 
each  of  the  industrial  areas  of  tlie  country,  as  follows : —— 


Midlands    25  cycles. 

West  of  Scotland   25  ，， 

North-east  Coast    40  ，， 

Lancashire    50  ，， 

Yorkshire  area   50  ，， 


•  Paper  read  before  Sections  B  and  G  of  the  British  Association  at  Newcastle 
September,  1916. 
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As  regards  the  voltage,  this  will  require  careful  considera- 
tion ； on  tlio  North-oast  (Joast  we  have  standardised  20,000 
volts,  and  in  some  of  the  other  areas  J(),()0()  volts  lias  been 
ado[)ted,  but  it  is  a  question  whellier  tins  is  not  too  low  for 
maiu  trunk  lines.  The  question  is,  who  is  to  pay  for  this 
unification  ？  It  is  not,  in  general,  the  fault  of  the  existing 
undertakings  that  they  have  adopted  diiTerenl  voltages  and 
frequencies  to  those  in  vogue  in  the  surrounding  iiiduytrial 
districts ― though  in  some  cases  it  nuist  be  uchnitted  that  it 
lias  been  their  desire  to  remain  isolated,  whatever  the  interests 
of  the  oouiitry  in  general  and  their  own  consumers  in  particu- 
lar. The  chief  fault  lies  at  the  door  of  the  nation  itself ― the 
Board  of  Trade  having  in  the  past  even  encouraged,  in  some 
cases,  the  establishment  of  different  systems  in  adjacent  areas. 

The  Board  of  Trade  already  lias  a  right  to  say  what  system 
(electrical)  shall  be  adopted  as  regards  all  new  undertakings 
or  existing  audertakings  developing  newly  acquired  areas.  The 
Local  Government  Board,  in  the  case  of  municipal  under- 
takings only,  as  loan  authority,  has  control  over  expenditure 
oil  extensions  of  plant  and  mains  by  municipal  electrical 
undertakings.  As  regards  municipal  undertakings  which  pro- 
pose to  adopt  or  extend  electrical  systems  (plant  or  mains)  of 
a  type  which  would  be  inconsistent  with  development  on 
uniform  lines  throughout  the  area  in  which  they  are  situated, 
the  Local  Government  Board  could  attach  a  condition  to  the 
loan  to  prevent  this.  The  privately-owned  concerns  are  not, 
of  course,  subject  to  Local  Government  Board  control,  but  the 
powers  of  the  Board  of  Trade  as  regards  the  sanction  of 
systems  to  be  adopted  would  probably  be  sufficient,  and  in 
any  case  tlie  large  power  companies,  who  are  the  most  impor- 
tant of  the  private  concerns,  operating  as  they  do  over  large' 
areas,  are  already  fully  alive  to  the  necessity  for  standardisa- 
tion and  unification. 

What  is  important  is  that  a  main  inter-connected  electrical 
power-distribution  system  should  be  established  in  each  indus- 
trial area  a:;  soon  as  possible.  Just  as  trade  between  different 
parts  of  the  country  would  be  impossible,  or  pmct'ically  impos- 
sible, without  railways,  so  trade  in  power 一 that  is,  the  supply 
of  power  where  most  required,  from  the  source  where  it  can 
be  most  economically  generated ― is  impossible  without  a 
trunk  main.  The  electrical  "  roads '，  of  the  country  must  be 
standardised  and  made  just  as  the  railroads  have  been.  To- 
day, if  a  colliery  owner  has  small  and  poor  coal  in  his  colliery 
which  it  does  not  pay  him  to  bring  up  because  it  cannot  stand 
the  cost  of  transport,  he  cannot  contemplate  turning  it  into 
electricity  at  the  pit  mouth ― extracting  the  by-products  in 
doing  so —— because,  except  in  certain  areas  where  a  trunk- main 
system  exists,  there  is  no  market  for  the  electricity,  there  being 
no  means  of  distributing  or  transmitting  it.  Each  individual 
colliery  owner  cannot  establish  his  own  electrical-distribution 
system  to  neighbouring  towns  or  manufacturers  any  more  than 
each  manufacturer  can  provide  his  own  railway  system  for 
distributing  his  goods.  If  a  man  lias  waste  heat ― or  could, 
by  improving  liis  manufacturing  or  chemical  process,  combine 
it  with  the  generation  of  power ― there  is  no  one  to  take  his 
power,  because  the  "  roads  "  are  not  there  to  carry  it;  and 
in  most  districts  tlie  large  towns,  where  tlie  concentrated  loads 
already  exist,  are  not  electrically  connected  witli  adjacent 
iudubtrial  and  colliery  areas. 

In  tlie  above  remarks  T  have  considered  the  matter  chiefly 
from  the  point  of  view  of  saving  fuel  ；  it  is  worthy  of  note, 
however,  that  inter-connected  electrical-power  distribution 
systems  are  essential  if  the  capital  charges  and  labour  costs, 
which  are  very  important  items  in  the  production  of  electricity, 
are  to  be  kept  to  a  minimum.  This  arises  from  the  fact  that  it 
is  only  by  supplying  all  the  needs  of  the  community  from  one 
system  that  the  maximum  use  can  be  made  of  the  plant.  As 
a  great  many  individuals  in  a  given  community  do  the  same 
thing  at  the  same  time,  what  we  must  take  advantage  of  is 
that  the  individual  does  not  and  cannot  do  half-a-dozen  things 
at  once.  The  economy  of  the  combination  of  all  requirements, 
power,  traction,  heating,  and  lighting  is  fundamental.  To 
show  how  far  we  are  from  this  ideal  let  us  take  the  case  of 
London  . 

A  man  lives,  say,  in  Hampsteacl  ;  lie  cooks  his  breakfast,  if 
He  can  buy  electricity  sufficiently  cheaply,  by  electricity  sup- 
plied from  one  station  ；  lie  travels  to  liis  office  by  electric  train 
supplied  by  electricity  from  another  station  ；  liis  office  in  tlie 


C'ity  is  supplied  by  electricity  from  a  lliird  staiiou  ;  probably 
Im  gets  his  lunch  at  a  restaurant  supplied  by  electricity  for 
liglit,  Sic,  from  a  fourth  st-aiion  ；  if  lie  han  to  go  out  of  the 
(>ni('e  and  visit  other  people  in  tlie  afternoon  lie  travels  pro- 
bably by  ii  tram  supplied  by  a  fifth  Htalioii,  lie  may  eat  liis 
dinner  at  night  i»i  a  West  End  reslaurani  supplied  from  a 
sixth  station,  go  to  a  theatre  supplied  from  a  soveiiili  station, 
and  so  on.  So  that  an  inhabitant  of  London  may  quite  well 
rcHjuire  tlirougliout  the  clay  aiiytliiiig  between  five  and  10  sets 
of  plant  to  suj>ply  his  needs.  In  other  words,  the  capital  costs 
of  supplying  liiin  are  increased  five  or  six-fold. 

London  Electricity  Supply,      Present  Position. 


Central 

Greater 

Area. 

London. 

39 

70 

41 

70 

7,646  kw. 

5,285  kw. 

787  kw. 

(132  kw. 

Number  of  types  or  systems  of  generation  .... 

31 

49 

8 

10 

Number  of  voltages  {oistributkm   

20 
21 

32 
24 

Number  of  methods  of  charging  and  prices 

Over  50 

Over  70 

*  In  addition  there  are  nine  traction  stations  within  the  Greater  London 
area,  eight  of  wliich  are  within  the  Central  area. 

This  is  a  result  altogether  apart  from  the  fact  that,  due 
to  the  enormous  number  of  systems  and  stations  in  London, 
the  plant  used  is  of  ridiculously  small  size,  and  therefore  the 
efficiency  as  regards  coal  cousuiiiption  is  very  low — in  fact, 
the  average  efficiency  of  conversion  from  coal  to  electricity  in 
London  to-day  is  only  a  third  of  what  it  would  be  under  any 
modern  scheme.  What  applies  to  London  applies  equally  to 
other  industrial  districts  if  we  substitute  tlie  factory  for  the 
office. 

It  may  be  well,  in  conclusion,  to  summarise  the  advantages 
and  economies  resulting  from  electrical  development  on  correct 
lines :  (1)  A  large  saving  in  coal  as  a  result  of  tlie  erection  of 
plants  of  the  most  economical  size,  according  to  the  load,  in 
the  best  positions.  (2)  The  utilisation  of  waste  heat.  (3)  The 
utilisation  of  coals  which  are  too  friable  for  transport.  (4) 
The  utilisation  of  coals  now  left  in  the  pits  because  their  value 
will  not  stand  the  cost  of  transport,  and  of  other  combustible 
materials  not  at  present  used  as  fuel  for  the  same  or  other 
reasons.  (5)  The  development  of  new  carbonisation  and  dis- 
tillation processes.  (6)  The  more  general  use  of  electrical 
energy  for  all  purposes,  e.g.^  industrial  power,  rail  traction, 
metallurgical,  electro-chemical,  and  furnace  work,  and  the 
development  of  industries  which  it  hap  hitherto  not  been 
possible  to  carry  on  in  this  country.  (7)  Increased  industrial 
output  as  a  result  of  a  greater  use  of  power  in  consequence  of 
its  lower  cost.  (8)  A  general  improvement  in  tlie  efficiency  of 
prime  movers  by  British  manufacturers,  which  cannot  but 
have  a  marked  elfect  on  all  power-generating  machinery 
(including  that  for  】iiarine  purposes)  and  on  our  foreign  trade. 
The  British  ii'aiiufactu rer  can  only  coinpete  with  those  of 
other  countries  if  the  things  he  has  to  sell  are  as  good  or 
better.  In  the  case  of  the  largest  prime  movers  there  are  at 
present  only  two  purposes  for  which  they  are  used  on  a  large 
scale,  namely,  for  marine  purposes  and  for  driving  electric 
generating  plant.  It  is  a  fact  that,  in  recent  years  especially, 
the  larger  prime  movers  have  invariably  been  developed  for 
land  purposes  first,  the  marine  engines  following,  f.,'/.，  the  Par- 
sons turbine  and  tlie  large  internal-combustion  engine.  One 
reason  for  this  is  that  the  experimental  work  involved  in 
developing  new  types  and  larger  sizes  of  prime  movers  is  more 
easily  and  more  economically  carried  out  ashore.  Hence  it  is 
clear  that  the  development  of  electric  supply  on  right  lines 
affords  the  best  field  for  progress  in  design  and  economy. 

What  is  fundamentally  and  immediately  necessary  is  the 
establishment  of  a  national  electrical  trunk  mains  distribution 
system.  Proceeding  on  these  lines  we  shall  not  be  merely 
copying  America  or  Germany ― we  shall  be  doing  something 
that  is  right  for  England  because  it  is  England,  and  because 
England  is  radically  different  from  other  countries  as  regards 
the  technical  development  and  "  lay  out  "  necessary  to  secure 
cheap  power.  We  have  delayed  making  a  start  on  right  lines 
15  years  longer  than  is  necessary  ；  let  us  delay  no  longer. 
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THE  ENGINEER  IN  THE  STEEL  FOUNDRY.* 

IJY  JOHN  HOWE  HALL. 

Probakly  the  best  way  to  point  out  the  desirability  of 
co-operation  between  the  designing  engineer  and  the  maker 
of  steel  castings  is  to  give,  from  the  foundrynian's  point  of 
view,  some  of  the  difficulties  encountered  in  endeavouring  to 
execute  contracts  for  engineers  who  are  not  sufficiently 
acquainted  with  foundry  practice  to  design  and  specify  cast- 
ings correctly,  and  who  have  not  learned  the  desirability  of 
personal  contact  with  the  found ryman  who  is  to  】nake  the 
casting.  I  think  most  fouiiclrvmen  will  agree  with  nie  in 
saying  that  their  difficulties  in  this  line  may  be  classified 
under  two  headings  :  Difficulties  with  physical  and  chemical 
specifications,  and  difficulties  in  trying  to  make  castings  of  a 
design  not  suited  for  steel  foundry  work. 

Specifications  that  have  come  to  the  notice  of  the  author, 
that  cannot  well  be  executed,  can  be  divided  into  several 
general  classes.  The  first  of  these  is  that  specification  which 
includes  unusual  chemical  or  physical  tests.  Thus  at  times 
the  specification  says  that  the  steel  must  contain  not  over  a 
very  small  amount  of  phosphorus  or  sulj-hur,  and  that  amount 
so  small  that  it  can  be  secured  only  with  steel  of  the  very 
highest  grade  made  in  the  electric  furnace  or  in  crucibles. 
In  many  cases  it  is  found  upon  investigation  that  the  price 
which  is  to  be  paid  is  not  sufficiently  high  to  warrant  the 
use  of  very  pure  material  in  crucibles  to  meet  the  chemical 
requirements  or  to  warrant  the  use  of  electric  furnace  steel. 
It  will  frequently  also  be  found  under  these  circumstances 
that  the  castings  do  not  need  to  be  particularly  strong  nor 
tough,  and  when  the  engineer  drawing  the  specifications  is 
open  to  conviction,  a  compromise  is  often  reached  by  which 
the  regular  steel  turned  out  in  the  shop  is  used  to  execute 
the  order  with  perfect  satisfaction  to  all  concerned. 

Again,  specifications  come  in  which  call  for  a  manganese 
couteut  not  over  a  figure  which  is  now  known  to  be  quite  low 
for  good  steel.  Frequently  the  men  who  are  bidding  on  the 
order  are  in  the  habit  of  using  a  great  deal  more  manganese 
than  the  specifications  allow,  and  know,  from  long  experience 
and  extended  tests  on  their  steel,  that  the  high  manganese 
steel  they  make  is  more  satisfactory  than  steel  made  in 
accordance  with  the  specifications  in  question.  A  little  con- 
versation between  the  specifying  engineer  and  the  foundry- 
man  generally  clears  up  this  difficulty,  and  the  foundry  is 
allowed  to  use  its  regular  grade  of  steel.  This  difficulty 
with  manganese  specifications  probably  arises  from  the 
opinion  generally  held  20  years  ago,  that  manganese  over 
1  per  cent.,  or  even  a  little  lower,  caused  bi'ittleiiess  in  steel. 
More  recent  researches,  of  course,  have  shown  that  under 
proper  conditions  a  good  deal  more  than  1  per  cent,  man- 
ganese can  be  used  in  steel  not  only  with  perfect  safety,  but 
with  great  advantage. 

At  the  present  time,  owing  to  the  high  price  and  scarcity 
of  ferro-nianganese,  the  foundrynian  in  many  cases  is  anxious 
to  use  not  more  but  less  inaiigauese  than  the  specifications 
call  for.  In  a  great  many  cases  his  engineers  have  】iiade 
extended  tests  of  their  steel  and  found  that  by  the  use  of 
special  alloys  or  special  procedure  they  are  able  to  make 
perfectly  satisfactory  steel  with  less  manganese  than  the 
specifications  call  for.  In  these  cases,  if  the  steel  can  be 
shown  by  tests  to  be  perfectly  satisfactory  for  the  service 
desired,  it  is  manifestly  unfair  to  compel  the  unfortunate 
steel  maker  to  use  more  manganese  than  he  lias  foiiiul 
necessary- 

Another  case  in  which  t he  chemical  specifications  beconie 
a  stumbling  Wock  is  when  alloy  steel  is  specified,  and  the 
found ryriian  is  quite  sure  that  a  good  grade  of  ordinary 
carbon  steel  is  best  for  the  purpose.  It  should  be  said  in  ail 
fairness  that  this  class  of  specification  is  rather  rare,  nnd  that 
ill  most  cases  it  is  accompanied  by  a  failure  to  specify  the 
amount  of  the  alloy  in  question  that  is  desired  in  the  steel. 
Thus  specifications  are  received  calling  for  chrome  steel,  or 
nickel  steel,  or  vanadium  steel,  with  the  amount  of  the  alloy 
not  specified.  In  some  cases  these  orders  are  finally  executed 
in  a  good  grade  of  ordinary  steel  ；  in  others  the  correct 
amount  of  the  alloy  to  best  suit  the  conditions  is  used  by 
the  foundryman  ；  and  in  still  others  the  order  is  turned  down 

*  VrcKcnkid  at  the  annual  con vcntion  of  the  Auicricau  FoundryiiR'n's  Ansociii- 
tion,  Scptcuiber,  1916. 


because  it  is  not  worth  the  foundryman's  while  to  go  to  the 
trouble  and  expense  of  using  the  alloy  in  question  for  an 
order  which  does  not  amount  to  a  great  deal  in  total  value. 

Another  troublesome  specification,  which  is  probabl}' 
more  often  met  by  makers  of  special  steels  for  abrasive  wear 
than  by  the  ordinary  foundrynian,  is  the  specification  calling 
for  a  very  high  elastic  limit  in  the  steel.  In  some  cases  this 
elastic  limit  is  higher  than  it  is  possible  to  reach  with  a  steel 
casting  ；  and  iii  other  cases,  the  equally  troublesome  fact 
is  found  that  the  elastic  limit  specified  is  so  high  that  the 
steel  is  not  machinable  and  considerable  inachiniiig  has  to 
be  done  on  the  casting.  Where  the  machining  is  done  in 
the  foundryman's  shop,  it  is,  of  course,  possible  sometimes 
to  rough  machine  the  casting,  then  heat  treat  for  the  desired 
physical  properties  and  then  grind  to  shape.  There  are,  of 
course,  a  certain  number  of  cases  where  this  procedure  is 
necessary,  because  the  steel  must  have  the  physical  properties 
called  for.  But  in  the  experience  of  the  author,  there  are  a 
number  of  cases  in  which  the  very  higli  elastic  limit  is  called  for 
by  the  designing  engineer  with  the  expectation  that  the  steel 
can  be  machined  after  heat  treatment.  Under  these  circum- 
stances, of  course,  unless  the  engineer  and  the  foundrynian 
get  together  personally  or  by  letter  and  have  a  Iieart-to-heart 
talk,  someone's  feelings  are  going  to  be  hurt  when  the  order 
is  delivered. 

In  a  certain  number  of  cases,  an  elastic  limit  is  specified 
which  cannot  be  secured  without  special  heat  treatment  of 
the  steel,  and  the  design  of  the  casting  is  such  that  it  is 
impossible  to  lieat  treat  it  without  cracking  it.  Such  cases, 
of  course,  can  be  taken  care  of  either  by  modifying  the 
elastic  limit  called  for,  or  by  so  modifying  the  design  of  the 
casting  as  to  eliminate  the  danger  of  cracking  it  in  the  heat 
treatment.  The  author  is  familiar  with  a  great  many  cases 
where  this  difficulty  has  arisen,  and  has  seen  it  taken  care 
of,  sometimes  by  one  method  and  sometimes  by  another. 
Still  another  class  of  specification  which  has  come  to  the 
author's  attention  is  that  in  which  an  alloy  steel  of  one  kind 
is  specified  for  a  class  of  service  in  which,  according  to  the 
experience  of  the  foundry  executing  the  order,  an  entirely 
different  alloy  steel  will  give  very  much  better  results.  This, 
in  some  cases,  may  be  an  instance  where  the  foundry  could 
learn  from  the  engineer,  as  well  as  the  engineer  from  the 
foundry.  Thus  if  the  engineer  is  specifying  the  particular 
alloy  steel  that  he  dees  specify  in  the  belief  that  it  will  be 
good  for  the  class  of  service  in  question,  but  without  definite 
experience  to  prove  his  belief,  he  may  find  the  experience 
of  the  foundryman  with  that  class  of  service  of  great  value 
to  him.  On  the  other  hand,  the  engineer  may  have  made 
previous  experiments  with  both  classes  of  steel  and  have  found 
that,  in  his  particular  case,  the  class  he  specifies  is,  for  some 
reason  or  other,  better  suited  to  the  service  than  the  class  of 
steel  the  foundry  has  been  in  the  habit  of  furnishing.  When 
this  is  the  case,  of  course  the  foundry  can  secure  valuable 
information  from  the  engineer.  Of  course,  in  some  instances 
the  engineer  is  specifying  the  new  class  of  steel  in  an  experi- 
mental way.  If  he  and  the  foundrynian  get  together  and 
discuss  the  question,  the  engineer  may  find  that  it  will  not 
be  worth  while  to  try  his  experiment  because  the  foundry 
has  tried  it  already.  On  the  other  hand,  the  foundry  may 
well  find  that  the  engineer  has  good  reason  for  trying  his 
experiment,  and  by  keeping  in  touch  with  the  order  and 
ascertaining  its  performance  in  service  the  foundryman  may 
secure  valuable  data. 

Another  class  of  specification  tliat  gives  great  difficulty 
to  the  fouiidrjTTian  is  that  specification  in  which  both  the 
chemical  analysis  of  the  steel  and  the  physical  properties 
which  it  must  show  are  given  in  the  specification.  Some- 
times, indeed,  this  is  further  complicated  by  the  addition  of 
a  specified  heat  treatment.  In  ma)iy  cases,  of  course,  the 
analysis  and  the  heat  treatment  specified  will  give  the  physi- 
cal properties  desired,  but  in  far  too  many  cases  the  foundry- 
man  on  reading  the  specification  finds  that  the  physical 
properties  called  for  cannot  be  secured  in  a  steel  oi"  the 
analysis  specified,  or  perhaps  that  the  properties  can  only  be 
secured  by  a  heat  treatment  which  is  not  allowed  in  ilie 
specification.  Under  these  circumstances,  the  . foundryman, 
in  the  lack  of  further  data,  is  obliged  to  take  his  choice 
between  making  a  steel  wliicli  meets  the  chemical  specification, 
and  making  a  steel  which  shows  the  physical  properties 
desired.      Of  course,  if  he  discusses  the  matter  with  the 
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s])0(Ml'yini^  ouginoer,  it  can  very  soon  bo  siruightenecl  out  by 
altering  either  Iho  clieniioal  spocilicutiouH  or  the  physical 
specific;"  ioiis. 

A  little  consideration  oi'  t  he  foregoing'  discussion  will 
sliow  the  great  value  to  both  the  specifying  engineer  and  1  he 
foundryinan  of  standard  specifications  prepared  by  societies 
of  recognised  standing,  and  adhered  to  by  both  the  makers 
and  the  buyers  of  castings  ；  but  even  some  of  these  specifica- 
tions prepared  by  national  societies  of  recognised  standing 
somelinies  fall  into  the  error  of  over-specifying.  Thus,  until 
this  year  the  specifications  of  one  American  society,  if 
literally  adhered  t,o，  would  have  ruled  out  of  consideration  all 
the  ordimii'y  steel  castings  made  in  a  certain  shop.  The 
reason  For  this  was  that  the  specification  as  it  read  gave  the 
physical  properties  desired  in  the  steel,  and  also  the  method 
of  heat  treatment  by  which  those  physical  properties  should 
be  secured.  As  it  happened,  the  heat  treatment  specified 
was  perfectly  satisfactory  to  secure  the  desired  physical  pro- 
per ties  in  certain  classes  of  steel,  but  the  foundry  in  question 
was  accustomed  to  secure  the  physical  properties  by  special 
heat  treatment  of  steel  of  a  different  class,  and  this  heat 
treatment  was  forbidden  by  the  strict  letter  of  the  specifica- 
tions. 

Too  much  stress  cannot  be  laid  on  the  importance  to 
the  foundryman  of  securing  uniformity  of  specifications  for 
steel  castings  on  the  part  of  various  representative  societies. 
To  take  a  case  in  point,  the  author  at  one  time  had  experience 
with  an  order  for  steel  castings  which  formed  parts  of  a 
steamship.  It  happened  that  these  castings  liad  to  be  accepted 
under  three  different  specifications,  all  of  tliem  gotten  out 
by  well-known  organisations.  These  three  specifications  so 
overlapped  that  it  was  necessary  to  secure  a  steel  having  a 
very  narrow  range  of  tensile  strength.  The  steel  as  finally 
turned  out  passed  all  the  specifications  except  one,  and  it 
would  not  meet  this  specification  because  it  had  about 
4,0001bs.  too  much  tensile  strength.  The  inspectors  who 
were  working  under  this  third  specification  refused  to  accept 
the  castings  because  while  they  showed  considerably  more 
extension,  contraction,  and  bend  than  was  called  for,  and 
while  the  elastic  limit  was  perfectly  satisfactory,  yet  the 
steel  was  too  strong.  It  seems  almost  too  absurd  for  belief, 
but  efforts  had  to  be  made  to  so  heat-treat  those  castings  as 
to  take  4，0001bs.  or  5，0001bs.  off  the  tensile  strength,  and  it 
was  found  impossible  to  do  this  without  making  the  castings 
fail  in  some  other  part  of  the  specification.  After  a  great 
deal  of  bother,  the  matter  found  its  way  up  to  higher 
authorities,  and  the  steel,  of  course,  was  then  accepted  as 
being  a  good  deal  better  than  the  specifications  called  for. 

The  second  great  source  of  trouble  in  the  steel  foundry 
which  can  be  remedied  by  co-operation  between  the  designing 
engineer  and  the  foundryman,  is  the  design  of  the  casting. 
There  are  so  many  ways  in  which  a  design  can  be 
unsuitable  for  foundry  work  that  it  is  not  possible  to  mention 
all  of  them.  Aside  from  the  rather  obvious  error  of  specify- 
ing a  casting  so  thin  that  it  cannot  be  run  in  cast  steel  at 
all,  the  more  common  errors  are,  so  designinsf  a  casting  that 
it  cannot  be  made  without  showing  bad  cracks,  or  designing 
it  so  that  it  cannot  be  made  truly  sound.  The  shrinkage  of 
cast  steel,  being  considerably  higher  than  that  of  grey  cast 
iron,  is  chiefly  responsible  for  the  difficulties  with  cracked 
castings.  In  manv  cases,  of  course,  this  is  agfgravated  by 
higher  sulphur  in  the  steel  than  is  desirable,  and  by  the  neces- 
sity of  pouring  the  castings  very  hot. 

In  a  great  many  cases  a  customer  wlio  has  been  buying 
grey  iron  castings  sends  in  his  patterns  to  the  steel  foundry 
and  desires  to  have  them  executed  in  steel  without  cliange 
of  design.  The  foundryman  looks  the  patterns  over,  and  sees, 
for  instance,  that  they  contain  thick  and  tliiii  sections  ioin- 
ing  at  a  sharp  angle,  and  that  it  will  not  be  possible  for  him 
to  provide  fillets  or  brackets  at  the  lunction  of  the  two 
sections  sufficiently  strong:  to  hold  the  casting  together. 
Again,  he  may  see  that  fillets  at  the  junction  will  serve  to 
prevent  the  casting  from  cracking  in  cooling,  but  he  finds 
that  the  engineer  is  tinwillinef  to  allow  him  to  use  these 
fillets.  If  the  designer  and  the  foundryman  go  over  this 
matter  together,  it  will  generally  be  found  that  fillets  can 
V)e>  used  and  in  some  cases,  of  course,  removed  after  the  cast- 
— is  finished  ；  or,  again,  that  tlie  design  of  the  castine:  can 
he  so  changed  as  to  make  the  sections  far  more  uniform. 


Tlio  author  lias  known  many  cases,  whidi  are  prolmhiy 
coiiimou  to  t  lui  foumlryman^  ex|)(M  iei",e，  in  wlii (； li  the  casi  iii^ 
could  not  1)0  made  without,  ser  ious  ci-.-K-kiiig  tinlesH  tlie  (iist  l  i- 
l)u( ion  ol'  the  nielal  in  the  seel  ions  is  radically  chadded.  I  ii 
some  cases  tlie  casting  will  (:r;i(，k  in  cooling  in  the  mould, 
and  in  some  extreme  cases  it,  will  come  out  so  crooked  1  liai 
it  will  break  in  si rait^lilening  or  else  give  great  troul>l('  in 
Htraighteuing,  as  tliis  is  sometimes  done  while  hot. 

Those  who  have  had  practical  experience  with  1  he  niuiiu- 
facture  of  alloy  steels  requiring  special  treatmejil  know  very 
well  the  difficulties  of  trying  to  execute  castings  in  special 
steel  that  can  readily  be  turned  out  in  ordinary  carbon  st.eel. 
Wlien  patterns  are  sent  in  to  us  which  were  designed  for 
ordinary  steel  with  the  request  that  we  execute  them  as  iJiey 
stand,  we  are  frequently  in  hot  water,  and  finally  either 
execute  tlie  castings  with  a  change  of  design  or  let  some  other 
maker  get  costly  experience  trying  to  make  them .  In  the 
cases  where  the  pattern  was  designed  for  execution  in  cast 
iron,  and  is  sent  to  us  for  execution  in  our  special  steel,  tlie 
temperature  of  the  hot  water  we  get  in  is  even  higher.  Our 
difficulties  are  considerably  increased  by  the  fact  that  the 
shrinkage  of  our  steel  is  unusually  high,  so  that  we  may  have 
a  casting  crack  in  cooling  ；  we  in  ay  have  it  crack  in  heating 
up  in  the  furnace,  and  again  we  may  have  it  crack  in 
straightening,  especially  as  it  is  not  feasible  for  us  to  put  heat 
on  our  castings  after  their  treatment  is  completed. 

Sometimes  castings  are  so  designed  that  it  is  virtually 
iir.  possible  to  make  them  truly  sound.  This  is  generally 
owing  to  the  fact  that  the  sections  are  so  distributed  that 
there  is  no  place  to  put  a  sink-head  of  sufficient  size  or  proper 
design  to  feed  the  fluid  shrinkage  of  some  heavy  sections. 
The  author  has  known  many  cases  where  conference  with  the 
designing'  engineer  has  led  to  a  change  in  the  pattern  which 
enabled  the  casting  to  be  made  truly  sound,  and  he  regrets  to 
state  that  he  also  knows  of  cases  where  no  change  was 
allowed  and  the  foundryman  just  had  to  do  the  best  he  could. 
It  is  some  satisfaction  to  state,  however,  that  in  a  certain 
number  of  these  cases  he  knows  of  the  failure  of  the  castings 
owing  to  almost  complete  unsoundness  of  some  interior  and 
important  part,  and  that  in  those  cases  the  designer  of  the 
castings  generally  had  to  accept  the  responsibility  and  to 
modify  his  design  in  accordance  with  the  suggestions  originally 
made  by  the  foundry. 


NEW  SURFACE  COMBUSTION  ANNEALING  FURNACE. 

Two  annealing  furnaces  are  now  in  operation  at  the  plant  of 
the  Remington  Arms  Company,  Eddystone,  Pa.,  employing 
the  surface  combustible  principle  and  giving  a  neutral  or 
reducing  atmosphere  which  makes  it  possible  to  treat  the 
forgin^s  without  packing  or  otherwise  protecting  them  against 
oxidation.  The  surface  combustion  system  of  utilising  gaseous 
fuel  involves  the  delivery  of  the  gas  against  or  through  refrac- 
tory material,  with  the  result  that  the  surface  of  the  incom- 
bustible material  becomes  and  remains  incandescent.  The 
present  installation  was  designed  and  installed,  under  patents 
granted  to  Prof.  Charles  E.  Lucke,  of  Columbia  University, 
by  the  Surface  Combustion  Company,  30，  East  Forty-Second 
Street,  New  York.  The  furnaces,  one  of  which  is  shown  in 
tlie  accompanying  sectional  view,  are  used  for  annealing 
rifle  parts  immediately  after  forging.  The  furnaces,  two  in 
number,  are  of  tlie  car-bottom  type.  They  are  20ft.  long, 
12ft.  wide,  and  9ft.  liigli.  Tlie  charge  to  each  furnace  varies 
from  20,0001bs.  to  40，0001bs.，  depending  upon  parts  handled. 

The  surface  combustion  high-pressure  system ,  it  is  claimed, 
inspirates  all  the  air  necessary  for  complete  combustion  and 
maintains  automatically  constant  mixture  proportions  with- 
out motors,  blowers,  or  air  piping.  It  is  controlled  from  a 
central  pulpit.  A  mixture  of  water  and  coal  gas,  averaging 
580  B.T.U.  per  cubic  foot,  is  supplied  by  the  Philadelphia 
Suburban  Gas  and  Electric  Company,  Chester,  Pa.  The  gas 
is  delivered  and  metered  under  a  pressure  of  251bs.  The  gas  is 
metered  by  a  rotary  pressure  meter  and  a  Bailey  flow  meter. 

During  the  lieating-up  period,  each  furnace  consumes 
about  10,000  cub.  ft.  of  gas  per  hour.  When  temperature  has 
been  reached,  this  is  dropped  to  about  5,000  cub.  ft.  per  hour. 
For  a  maximum  weight  charge,  approximately  72,000  cub.  ft. 
of  gas  is  used  by  each  furnace.  Two  charges  per  furnace  can 
be  secured  per  24  hour  day.      Cost  of  gas  in  this  case  is  based 
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on  a  sliding  scale  rate.  The  approximate  average  rate  for  this 
work  is  43  cents  per  1,000  cub.  ft. 

The  temperature  of  the  anneal  is  1,550°  Fah.  The  time  of 
the  operation  is  as  follows  :  The  charge  is  placed  in  the  cold 
furnace,  fuel  is  turned  on  full,  until  the  furnace  has  reached 
correct  temperature.  The  time  it  takes  to  reach  the  tempera- 
ture varies  with  the  weight  of  charge.  For  a  40,0001bs. 
charge,  it  takes  about  5  hours.  After  the  temperature  has 
been  readied  it  is  held  for  4  hours  to  allow  the  lieat  to  soak 
into  the  work.  After  this  4-hoiir  soak,  the  fuel  is  turned  off 
and  furnace  is  allowed  to  cool  slowly,  tlie  work  not  being 
taken  out  until  a  temperature  of  400'  or  500。  Fah.  has  been 
reached. 

A  flat  car,  with  a  firebrick  top,  serves  as  the  bottom  of  the 
furnace  when  in  place.  This  car  effects  a  seal  with  the  furnace 
walls  by  means  of  a  sand  seal.  Two  cars  are  used  in  each 
furnace,  meeting  at  the  centre.  Each  furnace  has  two  doors 
wliicli,  when  closed,  rest  on  top  of  the  cars,  the  cars  themselves 
extending  out  beyond  tlie  furnace  walls  about  Gin.  The  cars 
ride  on  rails  which  run  right  through  each  furnace  and  extend 
about  20ft.  bevond  in  both  directions.  The  cars  are  handled 
by  winches,  and  the  doors  are  operated  by  air  hoists. 

The  furnaces  are  of  the  heavy-rail  buck- stave  type  with 
red  brick  outside.  The  firebrick  lining  is  backed  up  by  cork- 
brick  insulation.  Heavy  tie  rods  tie  the  buck  staves  both 
across  and  end  to  end.  To  prevent  leakage  of  cold  air  in, 
giving  an  oxidising  atmosphere  and  lowering  the  furnace  effi- 
ciency, a  furnace  back  pressure  is  carried,  the  flue  openings 
being  adjusted  to  a  size  to  get  this  condition.     The  furnaces 
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are  designed  to  develop  and  utilise  the  maximum  possible 
amount  of  radiant  heat,  and  the  flues  are  arranged  to  distri- 
bute the  hot  gases  uniformly  and  to  release  tliem  at  the  lowest 
possible  temperature.  Each  furnace  is  equipped  with  20 
surface  combustion  high-pressure  burners. 

Both  furnaces  are  controlled  from  a  central  control  point 
by  a  single  valve  which  regulates  the  pressure  supplied.  By 
raising  or  lowering  the  pressure,  the  gas  supplied  is  iiicre^ised 
or  decreased,  thereby  raising  or  lowering  the  temj)erature. 
All  pyrometer  readings  are  also  taken  at  this  point  from  a 
multij)le  point  indicating  instrument.  Four  couples  are 
located  in  eacli  furnace,  one  in  the  centre  on  each  side  of  each 
car.  A  small  amount  of  a  man's  time  suffices  to  liolcl  the 
furnaces  to  the  exact  temperature  called  for.  The  tempera- 
ture control  is  found  to  be  accurate. 

Readings  on  an  orsat  apparatus  have  shown  neither  oxygen 
nor  carbon  monoxide  and  an  average  of  15 '2  per  cent,  carbon 
dioxide.  This  sliows  that  there  is  no  excess  air  and  no  mi- 
burned  gases.  When  the  furnaces  were  first  put  into  opera- 
tion, it  was  planned  to  pack  the  rifle  parts  in  large  steel  boxes 
with  covers  sealed  with  clay.  This  was  to  prevent  oxidation. 
Believing  that  an  absolutely  reducing  atmosphere  could  be 
maintained,  which  would  produce  a  minimum  of  scale,  a  trial 
was  made,  simply  stacking  the  parts,  uncovered,  on  the  car 
top.  The  trial  was  successful  and  the  operation  lias  since 
been  liandled  in  this  way.  To  maintain  tliis  reducing  atmo- 
sphere the  mixture  is  adjusted  to  give  a  flue  gas  reading  of 
about  12  per  cent,  carbon  monoxide. ― "  The  Iron  Age." 
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CORRECTING  TURBINE  TEST  RESULTS. 

BY  II.  A.  COZZENS.  JUN. 

The  conditions  of  pressure,  superlieat.  and  vacuum  determine 
to  a  large  extent  the  design  of  a  turbine.  The  builder  is 
supplied  with  tliese  data  before  he  undertakes  to  construct  the 
machine,  and  quotes  the  performance  in  pounds  of  steam  per 
kilowatt-hour  on  the  assumption  that  the  turbine  will  operate 
under  the  prescribed  conditions.  It  is  often  of  interest  to 
compare  the  performances  of  steam  turbines  when  operating 
under  conditions  which  vary  to  some  degree.  If  two  turbines 
built  to  operate  under  similar  conditions  are  to  be  compared 
when  the  conditions  vary,  tiie  performance  of  one  tu rbine 
must  be  equated  to  that  of  the  other  or  to  the  individual 
guarantee  of  each.  The  conditions  during  the  test  may  vary, 
due  to  several  caut^es.  For  instance,  one  test  may  be  run  in 
January,  when  it  is  easy  to  maintain  a  high  vacuum,  since 
the  water  is  cold  ；  while  the  other  may  be  run  in  the  summer, 
and  the  vacuum  fall  an  inch  or  more.  The  vacuum  condition 
has  the  greatest  effect  on  the  steam  consii mption  of  the  tur- 
bine, so  that  tlie  test  made  in  the  summer  would  show  a  higher 
steam  consumption  than  the  test  run  in  the  winter.  Instead 
of  assuming  two  turbines,  it  might  be  desired  to  compare  tlie 
tests  of  the  same  turbine  run  at  different  times. 

Again,  before  a  turbine  is  turned  over  to  an  operating  co'n- 
pany,  an  acceptance  test  is  usually  made.  This  test  is  run 
under  operating  conditions,  and  the  results  equated  to  the 
conditions  of  the  guarantee.  With  large  units  the  tests  must 
usually  be  conducted  in  the  power  station  after  the  unit  has 
been  installed,  and  under  conditions  that  vary  to  a  consider- 
able extent.  Witli  large-sized  units  it  is  practically  impossible 
to  make  shop  tests  as  in  the  case  of  small  units,  for  several 
leasons.  Among  these  might  be  mentioned  the  necessity  for 
a  huge  boiler  equipment  to  supply  steam  for  the  units,  and 
the  practical  impossibility  of  maintaining  ranges  of  pressure 
and  superheat  for  several  units.  Again,  the  question  of  secur- 
ing the  proper  load  conditions  is  one  that  presents  difficulties. 

The  standardisation  of  turbine  tests  is  usually  accomplished 
by  increasing  or  decreasing  the  test  water  rate  obtained  by  a 
predetermined  percentage  for  a  variation  in  pressure,  super- 
lieat, and  vacuum  from  the  conditions  as  stated  in  the  guaran- 
tee. This  brings  the  turbine  test  performance  to  the  same 
basis  as  the  guarantee,  and  permits  proper  comparison  of  the 
performances. 

Table  I. —— (V 〃- /'〃'〃"//.、'  to  Wdfrr  Rnfr  .、./〃〃/'//  h !i  Test  T)af(，. 
Sfandard  ConftifuHis  ： 

Steam  pressure  at  throttle   ]90Ibs. 

Superheat   100°  Fah. 

Vacuum  at  turbine  exhaust   28'5in.  Hg. 

Test  Results: ' 


198 

194 

192 

201 

115 

89 

93 

10(5 

Vacmun   

29.4 

29 

4 

29-3 

292 

T,sf  Wnfn-  U,tii  : 

Pounds  per  kilowatt-hour 

1365 

13 

17 

13-52 

1327 

/'irrce>rfa(/e  Corrections : 

+  073 

+  0 

36 

+  0-18 

+  1,00 

+  1-20 

一  0 

88 

-0-56 

+  0-48 

+  4-50 

+  4 

50 

+  4-00 

+  3,50 

Total   

+  6  43 

+  3 

98 

+  3.62 

+  4-98 

Correction  in  ])<)Uiids  ... 

+  0-88 

+  0 

52 

+  0-48 

+  066 

( 'orr/  rfr//  W'tifrr  Jt'afc  : 

Pounds  per  kilowatt-hour 

14-52 

13 

(59 

14-00 

13-93 

The  conditions  of  pressure  and  su];erlieat  do  not  vary 
greatly  enough  in  the  average  ])ower-liouse  to  affect  the  turbine 
performance  to  a  very  large  degree.  Numerous  tests  have 
determined  that  the  corrections  for  these  two  conditions  should 
be  1  per  cent,  for  every  1  libs,  variation  in  pressure,  and  1  per 
cent,  for  every  12'5°  Fah.  of  superheat  variation.  The  cor- 
rection to  be  applied  for  vacuum  variation  varies  from  3  to 
6  per  cent,  at  the  higher  vaciunii.  Usually  about  5  per  cent, 
is  taken  as  the  correction  factor  for  each  inch  variation.  In 
tests  where  little  is  known  concerning  the  effect  of  vacuum  on 
the  unit,  it  is  not  always  satisfactory  to  assume  a  certain  per- 
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knmvii  that  ininrral  oils  arc  not  easily  mm'vf'd  from  iroi)  in 
raiist  ic  solutions.  This  mad"  tlie  ('loaning  liard  to  ar<'OJii|)!isli. 
It  山 ('（1  iiiaiiv  iioiirs'  im'Mf'rsion  of  the  parts  to  be  platfri 
in  tlie  causlic  solution,  und  inucli  uku-Iwui ical  cleaning  in  llie 
way  of  s(:riibbiiig,  and  (lie  (.(msimi|,"oii  of  piimic (；  stone  and 
hri'slu's.     All,  including;  labour,  liave  advanced  in  price. 

It  is  a  liaitl  proposition  to  prevail  upon  inanut'aclurers 
to  allow  ail  increase  in  cost  ol'  production  in  the  plat— -room 
、vliidi  will  meet  tiie  actual  increase  in  cost  of  labour  and 
supplies.  The  cost  department  presents  a  set  of  figures  to  the 
manager  wliicli  shows  an  appreciable  increase  in  overhead 
and  labour.  Of  coiuse,  no  explanation  goes  with  it,  and  it  is 
very  often  the  ('読 that  the  plater  is  requested  to  get  his 
cost  down.  That  i>  where  he  needs  to  be  resourceful,  lie 
(,a"uot  reduce  the  wage  scale,  so  there  nmst  be  increased 
jiroductiou  per  man,  but  lie  cannot  go  into  the  department 
and  drive  t」e  men  to  greater  efforts.  He  can  only  search  his 
wits  for  shorter  and  quicker  methods  wherebv  increased  pro- 
duction may  be  had  without  extra  effort  upon  the  part  of 
liis  help.  A  versatile  man  can,  in  most  cases,  find  processes 
whereby  lie  can  produce  at  less  cost  in  labour  or  supplies. 

In  the  matter  of  cleaning  we  will  consider  the  electric 
cleaner.  This  is  a  rapid  process  on  larger  parts,  effectively 
removing  the  oils  and  greases,  but  it,  too,  has  its  drawbacks. 
It  is  the  most  rapid  and  economical  method  of  cleaning  where 
the  operator  thoroughly  understands  the  handling  of  the 
cleaner,  but  as  unskilled  help  is  usually  employed  for  that 
work,  it  is  a  constant  source  of  annoyance  through  tlie  peel- 
ing of  the  deposit  on  the  corrosion  of  the  iron  to  be  plated. 
If  the  work  is  cleaned  on  the  negative  side  of  the  electric  cir- 
cuit, which  is  the  most  effective  way  of  removing  the 
oils  and  greases,  there  is  usually  a  deposit  of  some  foreign 
substance  which  renders  successful  coating  with  nickel  or 
another  metal  in  a  cold  solution  impossible  unless  the  plater 
knows  exactly  what  he  is  doing  and  makes  up  his  solution 
to  a  formula  which,  when  the  electric  element  is  applied  or 
conducted  into  it,  in  its  reaction  will  still  hold  in  solution  the 
metalloids  or  metals,  and  refuse  to  deposit  tbein  out,  or  if 
deposited  out,  re-dissolved  as  fast  as  deposited.  Cleaners  of 
this  description  are  in  use,  but  they  are  handled  by  men  who 
know  their  business,  and  who  do  not  accept  failure  as  the 
final  word.  Then  the  electric  cleaner  is  well  adapted  to  pieces 
which  may  be  racked  or  strung  on  wires,  so  tliat  every  part 
may  be  exposed  to  the  action  of  the  current.  Small  parts 
which  are  best  handled  in  baskets,  and  mechanical  platers, 
cannot  be  cleaned  conveniently  by  this  j)rocess. 

It  is  the  sirall  parts  which  prove  tedious  and  expensive 
in  the  plating  room.  By  the  old  process  of  cleaning  they  cost 
more  to  prepare  for  plating  than  many  sell  for  in  a  finished 
state.  Cleaning  with  kerosene,  liot  water,  and  acid  has  been 
practised  by  the  writer  for  some  time  where  small  parts,  such 
as  screws,  nuts,  bolts,  washers,  &c.，  handled  in  baskets,  were 
to  be  cleaned.  The  articles  are  thrown  into  kerosene  while 
still  warm  from  the  polisher,  if  possible,  and  the  polishing 
compounds  are  dissolved  by  it  in  a  few  minutes.  If  the  parts 
become  cold  before  immersing  in  the  kerosene  it  may  require 
two  liours  or  more  to  remove  the  polishing  composition.  It  is 
not  necessary  to  brush  them  when  cleaned  in  this  way.  They 
are  then  taken  from  the  kerosene  ami  dipped  in  naphtlia, 
allowed  to  drip  for  a  few  seconds,  and  then  immersed  in 
boiling  water.  The  use  of  kerosene  is  recomineiided  for  the 
first  immersion  because  it  is  not  so  inflammable  as  the  naphtha, 
neither  is  it  so  volatile,  and  is  used  solely  for  economical 
reasons.  The  second  immersion  in  naphtha  is  because  the 
naphtha  is  liighly  volatile  under  heat,  and  is  easily  removed 
by  hot  water.  When  the  parts  are  immersed  in  the  hot  water 
iinniediatel}^  after  being  taken  from  the  naphtha  dip  the 
volatilisation  of  the  naphtha  is  so  great  that  violent  ebullition 
ensues,  and  if  the  operator  is  not  careful  he  may  become 
scalded  by  the  hot  gases  coming  upon  his  hands,  or  by  tliP 
water  itself  leaping  up  to  them. 

The  dissipation  of  the  gases  answers  the  same  purpose  as 
tlie  electric  cleaner  in  that  tliey  serve  to  throw  off  any  adher- 
ing particles  of  grease  which  may  be  upon  the  parts.  If  the 
work  is  left  in  the  hot  water  for  a  few  minutes  every  atom  of 
the  naphtha  will  have  been  volatilised,  and  the  work  be  clean 


CLEANING  SMALL  IRON  AND  STEEL  PARTS. 

BY  E.  S.  THOMPSON. 

Reviewing  the  past  with  reference  to  the  plating  iiulustry 
and  the  methods  and  processes  used,  we  can  but  wonder  why 
we  were  so  slow  in  grasping  the  opportunities  for  iinprovenieiit 
that  were  ever  before  us.  The  old  way  of  doing  things  was 
slow ― we  must  admit  that ― and  far  from  economical.  To 
say  nothing  of  the  rapid  plating  solutions  now  used,  and 
adhering  strictly  to  the  cleaning  of  parts  preparatory  to  plat- 
ing, we  could  write  a  small  book.  It  took  the  outbreak  of 
the  European  war  and  the  soaring  price  of  chemicals  used 
in  the  arts  to  furnish  the  incentive  for  clieaper  processes  and 
more  rapid  handling  of  the  work  to  wrest  a  profit  from  the 
plating-room. 

One  of  the  most  difliciilt  problems  was  the  cleaning  】）i'o- 
cess.  The  use  of  mineral  oils  was  resorted  to  in  tlie  manu- 
facture of  iripoli,  rouge,  bu fling  composition^^,  c'irc.    It  is  well 
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curves  for  various  correction  factors  to  suit  imlividual  con- 
ditions. Table  I.  is  a  summary  of  a  turbine  test  in  wliicli  the 
water  rate  lias  been  corrected  by  the  use  of  sucli  curves,  and 
shows  a  convenient  form  for  recording  test  data  when  com- 
parisons of  the  performances  of  steam  turbines  are  being 
made. —— '（ Electrical  World.'' 


ceutatje,  so  t hat.  it  Ixvoines  nocossai'v  to  run  tests  iu  ascertain 
the  precise  t、n>('t  and  corroct ion.  The  usual  procedure  in  sucli 
a  test  is  (o  hold  t lie  load  steady  at  I iiroe  or  four  points,  and 
operate  at  variiums  of  28i"  ，  28T)in.，  anri  29in,  (rorrecte*.!  to  a 
ba roineter)  by  iulnnltiiii;  air  iwlo  Mio  condenser.  From 
those  d  at  a  the  ni  (incr  coi  rcct  ion  fact  or  m;iY       ohtalnod.  Th(> 


corrections  are  added  or  subtracted  from  tlie  steam  coiisu nip- 
tion  as  obtained  during  the  test,  according  to  whether  the 
operating  conditions  are  above  or  below  those  of  the  guaran- 
tee. If  the  test  conditions  are  above,  the  corrections  should 
be  added. 

As  a  simple  example  let  us  consider  that  the  vacuum  cor- 
rection is  lib.  of  water  for  each  inch  variation.  With  this 
as  a  basis,  assume  that  the  guaranteed  vacuum  is  28in.  and 
the  vacuum  on  the  test  was  29ia.,  at  which  point  the  turbine 
liad  a  water  rate  of  141bs.  per  kilowatt-hour.  Since  the  test 
vacuum  is  greater  than  the  guarantee  by  lin.，  we  would  add 
lib.  to  the  water  rate,  making  the  consu niptiou  151bs.  pei  kilo- 
watt-hour with  a  28iii.  vacuum  instead  of  141bs.  per  kilowatt- 
hour  as  shown  by  the  test. 

In  order  to  eliminate  the  mathematical  work  iu  computing 
corrections  to  be  applied  to  test  results,  the  curves  Figs.  1  and 
2  have  been  drawn,  which  will  serve  as  models  for  drawing 
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so  far  as  any  grease  is  concerned.  But  the  heat  and  exposure 
to  the  oxytreii  set  free  by  the  boiling  water  causes  a  lilm  of 
oxide  to  form  upon  the  parts,  and  this  would  render  successful 
plating  impossible.  It  follows  then  that  we  must  remove  the 
oxide.  This  is  done  by  a  short  immersion  in  a  10  per  cent, 
solution  of  muriatic  acid.  When  the  parts  come  from  this 
dip  they  are  chemically  clean,  and  will  stand  the  water  break 
test,  and  may  be  thrown  into  the  mechanical  plater  immediately 
after  the  acid  has  been  tlioronghlv  removed  by  rinsing  in 
running  water.  If  the  acid  dip  should  be  contaminated  with 
copper  the  film  of  copper  is  removed,  of  course,  by  iinniersing 
for  a  short  period  of  time  in  cyanide  solution.  These  opera- 
tions may  be  followed  so  closely,  one  after  the  other,  that  we 
might  say  it  is  a  continuous  process  and  the  employes 
will  lose  no  time  between  operations.  The  cost  of  kero- 
sene and  naphtha  is  only  about  5  per  cent,  of  the  cost 
of  caustics  and  the  acid  is  almost  nothing.  The  time  saved 
is  about  95  per  cent,  over  the  saponification  process,  and  tlie 
labour  saved  from  the  scrubbing  process  is  about  500  per  cent., 
so  we  see  tliat  the  work  can  be  produced  very  economically. 
A  batch  of  work  can  be  put  through  the  cleaning  and  plating 
processes  in  45  minutes,  where  it  formerly  needed  several 
hours. 

Then  there  is  tlie  tumbling  in  sawdust  process  to  remove 
the  heavy  grease,  which  does  away  with  the  immersing  kero- 
sene, and  is  much  cheaper  than  the  kerosene  where  the  factory 
is  equipped  with  a  tumbling  barrel.  This  is  followed  by  the 
naplitlia  dip  and  the  hot  water  and  acid  as  above  explained, 
and  is  equally  successful. 

There  are  many  ways  in  which  a  live  foreman  can  reduce 
tlie  cost  of  production,  and  at  the  same  time  keep  the  quality 
of  his  work  up  to  the  standard,  as  well  as  make  the  work  of 
his  men  lighter.  In  the  shop  conducted  along  the  lines  of 
efficiency  there  are  very  few  disputes  with  the  help  where  good 
judgment  on  the  part  of  the  men  in  charge  is  exercised.  A 
foreman  or  superintendent  should  know  when  bis  men  are  pro- 
ducing, and  should  not  drive  them  every  minute  of  the  day. ― 
" Brass  World.'' 


Association  of  Supervising  Electricians. ― The  opening  meet- 
ing of  the  new  session  of  this  association  was  held  on  Tuesday, 
September  26th,  when  the  president,  Mr.  A.  P.  Trotter, 
M.Iiist.C.E.,  delivered  his  presidential  address,  which  was 
devoted  to  the  education  and  technical  training  of  electrical 
engineers.  We  purpose  giving  an  abstract  of  the  address  in 
our  next  issue.  The  papers  to  be  read  at  the  forthcoming 
meetings  of  the  session  are  as  follows  :  Tuesday,  October  31st, 
" Electric  Heating  and  Cooking,"  by  A.  F.  Berry  ；  Tuesday, 
December  12th,  "  Electric  Meters/'  by  J.  Eetinie,  M.I.E.E. ； 
Tuesday,  January  16th,  1917，  half-yearly  meeting  and  infor- 
mal discussions  ；  Tuesday,  February  27tli,  "Modern  Power 
Cables,"  by  H.  Savage,  M.I.E.E.  ；  Tuesday,  April  24th,  "Wir- 
ing Rules  of  the  l.E.E.，，，  by  W.  R.  Rawlings,  M.I.E.E.  ；  Tues- 
day, May  8th,  "  Mokn'  Control  Gear,"  by  J.  T.  Mould  ； 
Tuesday,  J une  26th,  annual  general  meeting. 

Manchester  Association  of  Engineers. 一 The  opening  meeting 
of  tliis  association  will  be  held  at  the  Grand  Hotel,  Manches- 
ter, on  Saturday,  October  14th,  at  7  p.m.,  when  the  inaugural 
address  by  the  president,  Mr.  F.  W.  Reed,  M.I.M.E.,  will  be 
delivered.  The  following  is  the  syllabus  of  the  papers  to  be 
read  during  the  session  ：  October  28th,  "  Friction  Clutches," 
by  W.  G.  Gass,  M.T.M.E.  ;  November  11th,  "Tlie  Nile  and 
the  Utilisation  of  its  Water,"  by  A.  A.  Barnes,  A.M. Inst. C.E. : 
November  25tli,  "  Pneumatic  Grain-handling  Appliances," 
by  Cecil  Bentliam,  M.I.M.E.  ;  December  9th,  "Cast  Iron:, 
with  Special  Reference  to  Engine  Cylinders/'  by  J.  Edgar 
Hurst  ；  January  13th,  1917,  "  The  Development  of  tlie  Manu- 
facture of  Steel  Castings,"  by  E.  F.  Lange,  M.Tnst.C.E. ; 
January  27th,  "  Steam  Turbines  for  Land  Purposes,"  by 
H.  L.  Guy,  A. M.T.M.E.  ；  February  10th,  "The  Bearing  of 
Research  Work  on  Practical  Mecimnica】  Engineering,'  ，  by 
Alfred  Saxon,  M.I.M.E.  ;  February  24th,  ((  Some  Considera- 
tions in  connection  with  Workshop  Design  and  Equipment/' 
by  Edmund  Simpson ;  March  10th,  "  Workshop  Precision 
Grinding/'  by  H.  H.  Asbridge,  M.I.M.E  ；  March  24th,  "Tlie 
Testing  of  Steel,"  by  H.  Brearley. 


NEW  PATENTS. 

Specificatiovs  of  the  JoUowing  are  now  puhlished,  and  ibe  shall 
" pleased  to  forward  copifs  post  free  on  recpipt  of  8d.  Address 
" Mechanical  Engineer,''  53,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1915. 

Apparatus  for  disdiai^ng  aerated  vapour  from  steam  condoiisers. 

AForison.  11860. 
Cnrhnretter  lor  internal- roml)ii-sti()ii  cn(rines.    Little.  11887. 
Transmission  of  power,  especially  applicable  to  voliioles  ami  ships. 

Thomas.  11^)49. 
Kock  drills.    Howell.  13142. 
Turning  lathes.    Wade.  13331. 

Car!)nretters  for  internal-combustion  engines.    Clough.  13408. 
Couplings  of  railway  Avagons.    Toiiikiiis.  18525. 
Si}^n;illiii<^  mechanism  for  mines.    Mack.  14016. 
Safety  railway  facing  points.    Woodard.  14197. 
Meohaineal  appliances  for  loading  and  unloading  conl.  Thomas. 
14249. 

Feed-water  heatinjr  apparatus  for  locomotive  boilers.  Willans, 

Liiard, (义' （）'Do 匿 11.  1497G. 
】{()Iling-miU  drives.    Farwell  &  (iibbons.  lo896. 
Laiiiiiijited    springs.     Brown    Bavlev's   Steel    Works,    Ltd.,  and 

Sanders.  1(3400. 

Liquid'fuel  supply  arrangemonts  of  iiitonial  oomhiistion  ("igiiips. 

Doyle.  16746. 
Ball  and  knuckle  joints.    Pa^o.  17444, 

1916. 

Power  transmission  and  reversing  o;earin<^.    Soa])nry,  H.  1580. 
Mt'ans  for  supplying  air  to  fnrnncos  for  ooiisiuiuno;  smoke.  Jansen, 

J.  Hassel-.  5129. 
Srrew-cnttiiig  lathes.   Siindt,  A.  6995. 
Oil  engines.    Walker,  J.  R.,  and  AValker,  A.  E.  0081. 
FiiniJice  fire  l)ars.    Bennis,  A.  \V.  7317. 
Screw-flitting  taps.    Housley,  R.  B.  93ol, 

Ko】ler  l>oarino;s  for  the  axles  of  railway  vehicles.    Heppellj  J，  and 
Dobson,  K.  G.   10255.  ' 

ELECTRICAL,  1915. 

Electric  signalling  apparatus.    Mackenzie.  12039. 

Arrangement  for  producing  short  uni-directed  high-tension  electric 

current  impulses.    Otto.  13129. 
Dynamos.    Neuland.  13287. 

Dynamos.    Hevs  (Nenlancl  Patents,  Ltd.).  13480,  13482,  13483,  and 
13484. 

Dynamos  of  the  commutator  type.   Schroecler.  ISofil  and  13562, 
Telephonic  transmitters.    Graham.  16207. 

Electric  switch  appliances.   Mavor  &  Coulson,  Ltd.,  and  Lawrence. 
16502. 


High-tension  magnetos 

C.  A.  3299. 
Dynamos.  Neuland^  A.  H. 


1916. 

Midgley,  A. 
5526. 


H.,  and  Vandervell  &  Co.， 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  10th. 

Aluminium  ingot    ―   per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  " 

，,        sheets  ,,   ,  ―  " 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   1  /3 J  per  lb. 

，,    tubes  (brazed)    1/GJ  ，， 

，，       ，， (solid  drawn)    1/4|  ，， 

，，       " wire    l/3f  " 

Copper,  Standard    £123/-/—  per  ton. 

Iron,  Cleveland    87/6  " 

，， Scotch    ―  " 

Lead,  English   £32/5/-  ，， 

，， Foreign  (soft)   £30/10/- " 

Mica  (in  original  cases),  small   6d.  to  3/ —  per  lb. 

，，  ，，       ，，         medium    3/6  to  6/ —  ，， 

，，  ，，        ，，         large    7/6  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    32 ^d.  per  oz. 

Spelter  (American)   £52/10/-  per  ton. 

Tin,  block    £181/-/-  per  ton. 

Tin  plates,  I.C   30/-  per  box. 

Zinc  sheets    £72  per  ton. 
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FLEXIBLE 


METALLIC  TUBING 


Section. 


On 
Admiralty 

and 
War  Office 
Lists. 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


(1) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E.C. 
Works  :  PONDERS  END,  MIDDLESEX. 


The  man  stoofl  on  the  boiler  top.  whence  all  but  ho  had  flown, 

Vox  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  bini  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILEP 

NONLFAK  JOINTING 

nill、l*【Mff\  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


ItRlTISH  MAKE  I 


TESTING  SAMPLES. 


FREE  FROM  LEAD  I 

IMPROVES  WITH  AGE  1 
WILL  NEVER  BLOW 


I  SOAIiB,  OR  ROT. 

Leeds  Road, 


J.  E.  TURNER  &  C0.，  Ltd.,  S°>.  Maker..  BR^b^'S'R'E.X'rk. 


The  Practical  Metallography 
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Uniform  Driving  in  Textile  Mills. 

In  a  short  Dote  to  the  Journal  of  the  Department  ot"  Textile 
Industries  issued  by  the  Bradford  Technical  College,  Prof. 
G.  F.  Cliarnock  draws  attention  to  the  effect  on  out- 
put, of  uniform  driving  in  textile  mills.  While  the  impor- 
tance of  the  subject  is  generally  recognised  amongst  textile 
men,  its  exact  effect  on  output  is  not  clearly  realised,  and 
owing  to  this  lack  of  perception  they  are  inclined  to  give 
credence  to  exaggerated  claims  made  on  behalf  of  improve- 
ments in  methods  of  driving.  This  is  rather  surprising,  for 
the  arithmetical  elements  of  the  question  are  simple.  It  is 
impossible,  of  course,  to  secure  absolute  u niformity  of  speed 
by  any  method  of  driving  owing  to  the  variations  in  load, 
and  the  aim  in  governing  is  to  make  the  speed  fluctuations 
resulting  from  them  as  little  as  possible.  At  the  same  time 
there  is  a  maximum  speed  in  spinning  and  weaving  wliich  the 
material  will  stand  and  which  must  not  be  exceeded.  Obvi- 
ously, to  ensure  rnaxinmni  output  it  is  desirable  to  approach 
this  critical  speed  as  closely  as  possible  and  to  make  the 
difference  between  this  maximum  and  the  mini  mum  as  small  as 
possible.  These  are  the  simple  elements  of  the  case,  and  it  is 
easv,  as  Prof.  Cliarnock  points  out,  to  deduce  tlie  effects  on  out- 
put from  tlieni.  If,  for  instance,  we  suppose  the  variation  in 
speed  in  the  running  of  certain  machinery  amounts  to  12 
per  cent.,  a  figure  which  he  says  is  frequently  reached  in  the 
case  of  looms,  then  the  average  speed ,  which  will  of  course 
measure  the  amount  of  fabric  produced,  will  be  6  per  cent, 
less  than  the  maximum,  or  in  other  words  the  driving  might 
be  said  to  have  an  efficiency  of  94  per  cent.  If  the  speed  varia- 
tion were  reduced  from  12  per  cent,  to  4  per  cent,,  then  the 
output  of  fabric  would  only  be  2  per  cent,  below  the 
maximum  ；  that  is  to  say,  the  efficiency  of  the  driving  would 
be  98  per  cent.,  representing  an  increase  over  the  previous 
case  of  a  little  over  4  per  cent.    The  gain  may  not  appear 
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striking,  but  as  it  is  secured  at  practically  no  increase  in 
fixed  charges  it  represents  a  considerable  sum  when  expressed 
as  interest  ])er  aiiimin  on  capital  einploved,  and  is 
worth  the  expenditure  of  considerable  effort  to  obtain. 
If  speed  variation  could  be  reduced  to  2  per  cent. 
— an  attainment  scarcely  possible  of  realisation  in  practice —— 
the  averajje  speed  would  be  99  per  cent,  of  the  maximum,  and 
the  increase  in  output  as  compared  with  the  12  per  cent, 
variation  would  be  a  little  over  6  per  cent.  It  will  be  obvious 
from  this  that  any  claim  to  effect  an  increase  in  output  of  as 
much  as  30  per  cent,  in  such  a  case  as  we  have  assumed,  viz., 
by  diminishing  the  12  per  cent,  variation  of  speed  to  2  per 
cent.,  must  be  fictitious.  It  is  conceivable  that  such  a  saving 
might  possibly  be  effected  by  a  general  speeding  up  of 
niachinerv  which  liad  been  allowed  to  run  at  a  speed  iiiuch 
below  the  maxim um  permissible,  but  this  would  be  indepen- 
dent of  any  question  of  speed  regulation  in  itself.  It  is 
desirable  that  the  questions  of  uiider-speed  per  .s-r  and  close 
speed  regulation  should  not  be  confused.  No  doubt  there  are 
instances  in  which  the  iiiacliinery  might  be  speeded  up  as  a 
whole  with  advantage,  but  they  are  comparatively  few.  On 
the  other  hand,  there  are  many  cases  in  which  owing  to  the 
defective  governing  the  average  speed  which  determines  the 
output  might  be  increased,  and  t'iiough  the  saving  from  this 
may  not  be  sensational,  it  is  one  which  textile  manufac- 
turers ought  not  to  neglect. 


MAKING  AIRTIGHT  ALLOY  CASTINGS.* 

BY  S.  D.  SLEETH. 

Brass  and  bronzes  are  recognised  as  metals  adajjted  especially 
to  withstand  internal  air  pressure,  and  this  paper  will,  there- 
fore, be  confined  to  the  use  of  such  alloys.  Density  and 
strength  are  the  two  qualities  that  go  to  make  up  a  metal 
suitable  for  the  retention  of  air  or  other  gases  under  pressure, 
and  while  strength  may  be  secured  through  proper  design, 
density  is  that  elusive  will-o-the-wisp  which  we  chase  for  a 
while  in  one  direction  and  think  we  liave  captured,  only  to 
find  that  it  has  eluded  us  and  we  must  look  for  it  elsewhere. 
This  leads  us  then  to  the  conclusion  that  there  can  be  no  hard 
and  fast  rule  whereby  this  desirable  quality  of  density  can 
always  be  obtained,  probably  because  of  the  fact  that  there 
are  so  many  variables  that  enter  into  tlie  process  and  iliat  they 
cannot  always  be  under  our  control.  To  enumerate  some  of 
these  variables,  we  have  the  design  of  the  article  to  be  cast, 
the  design  of  the  pattern  with  reference  to  its  position  in  the 
flask,  the  composition  of  the  alloy,  the  treatment  of  the  metal 
in  the  furnaces,  and  the  temperature  of  the  metal  when  being 
poured.  Each  item  in  this  list  is  worthy  of  extended  discus- 
sion, but  time  will  not  permit  of  more  than  a  cursory  glance 
at  each  subject. 

We  shall  begin  with  the  design  of  the  article  to  be  cast. 
This  has  a  very  imporl  ant  bearing  upon  the  ultimate  success 
of  the  casting.  The  designer  should  bear  in  mind  the  desira- 
bility of  having  all  cross  sections  of  approximately  equal 
thickness  in  order  to  prevent  draws  at  heavy  portions.  If 
t  his  is  not  possible,  access  to  all  large  sections  should  be 
allowed  for  the  use  of  chills  to  prevent  such  draws.  If  the 
cored  cavities  are  large  the  cores  will,  themselves,  act  as  chills. 
Fillets  should  be  as  small  as  possible  in  order  that  excessive 
masses  of  metal  shall  not  be  concentrafced  at  one  point. 

In  laying  out  patterns,  the  patternmaker  must  be  governed 
by  several  things.  He  must  know  what  chills  are  to  be  used 
so  that  large  chilled  surfaces  may  be  placed  in  a  vertical 
position  in  order  to  prevent  the  metal  kicking  off  these 
surfaces.  ITe  must  know  what  parts  are  to  be  clean,  sucli 
as  valve  seats,  &c.，  and  to  what  parts  loose  sand  may  be 
allowed  to  flow  if  any  be  found  in  1  he  mould.  Such  unim- 
portant parts  should  be  placed  liigli  in  tlie  cope  and  the  loose 
sand  will  flow  to  them  on  top  of  the  metal.  A  clean  mould, 
however,  is  absolutely  essential  to  good  tight  castings.  An 
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exceptionally  clean  casting  may  be  obtained  by  gating  it  from 
another  casting  wliicli  will  itself  take  all  the  dirt. 

On  the  use  of  chills,  the  following  may  be  taken  as  an 
almost  universal  law  ：  Use  chills  on  all  enlarged  sections 
ill  close  proximity  to  smaller  sections  and  connected  thereto. 
If  the  sections  are  exceptionally  large,  use  a  sinking  head  on 
top  of  the  large  sections.  Gate  your  moulds  with  a  heavy  , 
upright  pouring  gate  as  near  to  the  pattern  as  possible.  The 
gate  leading  from  the  pouring  gate  to  the  pattern  should  be 
made  large  at  the  pouring  gate  and  then  reduced  sharply  into 
the  pattern.  If  it  is  large  where  it  joins  the  pattern,  in  all 
probability  it  will  show  a  draw  in  the  casting  at  the  gate. 
As  a  rule,  it  is  better  to  gate  in  a  light  part  of  the  casting 
than  in  a  heavy  portion.  If  a  sinking  head  be  used  it  should 
be  placed  on  the  heavy  part. 

As  regards  the  alloy  to  be  used,  the  following  com  positions 
have  been  tried  and  found  satisfactory  for  the  purpose  of 
making  the  desired  castings : ― 

No.  1  alloy.  No.  2  A\oy.  No.  3  alloy. 

Metals                   Per  cent.  Per  cent.  Per  cent. 

Copper                         72*50       ...  82*00  ...  8300 

Tin   ：                 l-To       ...  7-50  ...  11*50 

Zinc                             19-25       ...  475  ...  4,00 

Lead                              650       ...  575  ...  1'50 

Total    100-00       ...      100-00       ...  100*00 

No.  1  alloy  is  used  for  ordinary  castings,  such  as  cocks, 
pistons,  Inisliings,  &c.  This  alloy  is  easily  machined,  but  is 
not  intended  for  use  with  very  high  pressures.  No.  2  and 
No.  3  alloys  are  intended  for  use  with  high  pressures,  and  are 
harder  to  machine  in  proportion. 

As  might  be  expected,  the  treatment  of  the  metal  in  the 
furnaces  is  of  vital  importance.  If  proper  allowance  for 
oxidation  of  zinc,  &c.，  is  not  made,  the  alloy  intended  will 
not  be  produced.  Furthermore,  the  metal  must  be  taken 
from  tlie  furnace  as  soon  as  it  reaches  the  proper  heat,  for  if 
allowed  to  soak  in  the  furnace,  it  will  take  up  gases,  and  the 
castings  made  from  it  may  be  porous.  In  certain  packing 
ring  mixtures,  we  consider  this  item  so  important  that  we 
use  an  alarm  clock  to  ensure  the  metal  being  poured  off  at 
exactly  the  proper  moment. 

The  temperature  at  which  the  metal  should  be  poured 
into  the  moulds  is  important,  and  no  doubt  many  castings 
are  lost  due  to  carelessness  in  this  matter.  If  poured  too 
cold  it  is  almost  impossible  to  obtain  solid  castings,  especially 
at  the  gate.  On  the  other  hand,  if  poured  too  hot,  the 
castings  may  be  porous  throughout.  Great  care  must  be 
taken  to  see  that  no  aluminium  gets  into  the  mixture,  as  a 
very  small  percentage  of  it  will  cause  the  castings  to  leak. 
Antimony  and  iron  will  do  the  same,  but  not  to  so  great  an 
extent.  Aluminium  has  a  very  peculiar  action  on  the  metal. 
The  castings  will  look  solid  and  will  not  show  a  draw,  but 
when  put  under  pressure  will  leak  all  over.  It  is  one  of  the 
most  dangerous  metals  around  the  brass  foundry.  Antimony 
does  not  act  as  quickly  as  aluminium,  but  has  about  the  same 
effect  if  used  long  enough  in  the  mixture.  You  may  start  out 
with  a  small  percentage  and  it  seems  to  do  no  harm,  but  if 
used  until  it  is  mixed  with  all  returned  material,  such  as  turn- 
ings, gates,  &c.，  the  castings  will  become  porous. 

In  conclusion  it  may  be  said  that  solid  castings  of  a  density 
to  withstand  air  pressure  can  be  obtained  only  by  the  exercise 
of  the  greatest  care  from  the  design  of  the  article  to  the 
pouring  of  the  metal  into  the  mould.  Even  then  failures 
will  sometimes  happen,  and  final  success  can  be  obtained  only 
through  experiment  and  the  adaptation  of  the  various  methods 
to  the  article  under  consideration. 


" Refractories,"  —-  The  Farad  ay  Society  will  hold  a 
general  discussion  on  Refractories  ，，  at  a  meeting,  provi- 
sionally fixed  for  Wednesday,  November  8tli.  The  discussion 
will  l)e  presided  over  by  Sir  Robert  Had  field,  F.R.S.,  and  the 
opening  paper  will  be  read  by  Dr.  J.  W.  Mellor,  of  Stoke-on- 
Trent.  Suggestions  are  invited  from  those  specially  interested 
in  the  subject  as  to  any  particular  aspects  which  they  would 
like  ventilated  or  discussed,  and  those  who  are  desirous  of 
contributing  to  the  discussion  or  who  wish  to  show  any  exhibit 
at  the  meeting  are  invited  to  communicate  with  Mr.  F.  S. 
Spiers,  Secretary  of  tlie  Faraday  Society,  82，  Victoria  Street, 
Westminster,  S.W, 
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REDUCING  FOUNDRY  COSTS  BY  ANALYSIS.  ' 

H  V   H.    {：.  KKiS'Nl':l>、'. 

The  successful  fomuli y  oporaior  knows  llial  eflicieucy  begins 
at  the  top  and  works  down  that  eflirieiicy  in  the  shop  is  the 
result  of  ertic'ieiicy  in  tiie  oflioe.  lie  knows  that  the  best  mate- 
rials, the  most  effective  nictliods,  and  an  organisation  of  skilful 
workmen  do  not  just  happen.  On  the  contrary,  he  realises 
with  the  keenest  appreciation  that  these  things  follow  only 
upon  the  dictation  of  the  directing  forces.  Found ry  operation, 
like  practically  all  inanufarturing,  is  a  problem  involving  three 
factors,  viz.,  labour,  material,  and  equipment.  Each  of  these 
factors  presents  its  own  special  problems,  but  as  they  are  dis- 
tinct in  character,  control  is  accomplished  in  a  simple  manner 
by  dividing  responsibility  among  members  of  the  supervisory 
staff  according  to  fitness  and  experience.  No  one  man  can  be 
an  expert  in  all  Hues,  and  it  is  not'  good  practice  to  shoulder 
upon  one  man  a  large  variety  of  duties  that  he  is  not  fitted 
to  carry.  Modern  organisation  calls  for  specialists ― each 
supreme  in  his  own  special  field.  Such  a  plan  centralises 
responsibility  in  the  hands  of  thoroughly  competent  men,  who 
reduce  costs  by  eliminating  waste. 

A  critical  examination  of  the  principal  operating  factors 
should  be  the  daily  programme  of  the  foundry,  manager.  A 
few  hints  as  to  the  direction  which  this  examination  should 
take  are  indicated  hereafter.  We  will  take  up  a  discussion  of 
each  of  the  three  factors  in  the  order  of  what  we  consider  to 
be  their  importance.  Labour  is  considered  to  be  the  most 
important  because,  without  the  right  kind  of  labour  and  its 
proper  supervision,  good  material  and  equipment  would  go 
for  naught. 

You  will  often  see  two  factors,  situated  almost  side  by  side, 
manufacturing  the  same  line  of  goods,  with  the  same  kind  of 
equipment ― yet  the  quality  of  the  work  will  be  vastly  different. 
The  difference  will  almost  invariably  be  traced  to  workmen, 
but  the  blame  will  have  to  be  placed  on  the  foreman  or  superin- 
tendents, for  the  workmen  will  produce  the  quality  of  output 
demanded  of  them  or,  if  they  do  not,  the  right  executives  will 
either  train  their  men  to  do  better  work  or  eliminate  them  and 
get  others  who  will.  Where  slipshod  work  is  tolerated,  there 
you  will  find  a  tendency  for  all  the  workmen  to  turn  out  slip- 
shod work,  and  when  the  best  is  demanded,  you  are  sure  to  find 
the  best.  The  whole  question  then  of  quality  of  output  rests 
practically  altogether  with  the  management. 

It  behoves  the  management,  therefore,  to  be  strict  in  its 
demands  and  always  on  the  look-out  for  ways  and  means  of 
keeping  the  quality  and  quantity  of  the  product  as  near  per- 
fection as  it  is  possible  to  go.  The  maintenance  of  labour  stan- 
dards means  a  constant  study  of  men  and  their  methods  of 
doing  the  work  they  have  been  given  to  do.  It  is  well  known 
that  there  are  many  ways  of  doing  any  one  piece  of  work,  but 
many  forget  that  there  is  only  one  best  way,  and  no  one 
has  yet  put  into  practice  that  best  way.  A  few  seem  to  have 
reached  this  best  way,  but  the  greater  majority,  while  still  far 
from  the  goal,  are  content  to  rest  on  their  oars,  and  follow 
the  method  taught  them  a  long  while  ago. 

In  foundry  work  there  is  no  general  way  of  determining 
whether  the  method  in  use  is  the  best,  and  the  coniinou  thing 
to  do  is  to  put  a  man  on  the  job  and  let  him  go  to  it,  the 
amount  of  advice  given  him  being  very  small  compared  with 
tlie  amount  of  valuable  instruction  which  could  be  given.  The 
changing  of  methods  is,  as  a  general  rule,  a  slow  process  of 
evolution,  the  changes  being  suggested  from  time  to  time  by  cer- 
tain circumstances  brought  to  light  mostly  by  chance.  During 
recent  years,  due  to  the  change  of  work  and  competition,  it 
has  been  necessary  for  many  shops  to  make  thorough  analyses 
of  their  operations  to  liasten  improvements  in  methods  and 
equipment.  For  these  analyses,  time  and  motion  studies  of 
the  different  classes  of  work  have  been  made,  and  it  has  been 
found  that  such  a  study,  scientifically  conducted,  shows  up 
the  following  f actors  ;  (1)  The  ini])rovenient  that  can  be  made 
by  the  rnanagenient  in  the  conditions,  equipment,  and  shop 
organisation  to  help  the  operator  improve  the  quality  and 
increase  the  output  of  his  work.  (2)  The  work  done  by  the 
operator  which  is  unnecessary,  and  by  eliminating  which  the 

*  Paper  read  at  the  Aniericau  Foundryinen's  Association  convention,  Septein  ber 
11th  to  15th,  1916. 


operator  can  t  m  n  out  uun  v  prmlucL  ol'  as  <^<)<>(l  a  (jualil  v  in 
the  giviMi  t  iiiu',  wil  lioul  any  nior (！  exertion. 

Time  study,  wlicn  i'igi"ly  applied,  nutans  tlm  hastening  of 
these  ('hanges  because  of  the  facts  bron^^lil  to  liglii  t)y  scieii- 
tifK'  study  of  the  conditions.  These  studies  should  Ije  made 
by  some  one  familiar  with  the  local  shop  inelliods,  familiar 
with  the  best  practices  in  t  his  line  of  work  iti  other  slujps,  atid 
one  who  will  not.  let  liims(H'  be  held  to  the  Iradilioiial  shop 
metliod  just  because  it  had  been  ciistoinary  to  do  llie  work  in 
one  ceitaiii  way  in  tlie  past.  Also,  changes  must  not  he  made 
just  because  they  have  been  made  in  other  siiops,  but  a  careful 
detailed  analysis  of  all  the  work  being  performed  in  the  sliop 
must  be  made,  and  after  thorough  study  of  the  proha})le 
results  it  is  detennined  whether  the  changes  will  benefit  tlie 
shop. 

In  considering  the  materials  used,  the  fou  n  dry  man  will 
first  have  to  investigate  his  needs  thoroughly.  The  (juest.ioii 
will  have  to  be  asked  concerning  each  material  item,  "  What 
is  the  real  need  in  this  case  ？"  It  might  be  possihle  to  entirely 
eliminate  the  blackening  of  cores  in  certain  cases  if  the  sand 
were  changed.  Is  the  moulding  sand  used  giving  as  good 
results  as  that  used  by  the  most  successful  foundries  in  this 
line  of  work  ？  Perhaps  the  castings  would  be  selling  better  if 
a  sand  giving  a  smoother  surface  were  used.  Very  often  the 
core  sand  in  question  is  being  used  because  it  has  been  cus- 
tomary to  use  it  in  past  days,  and  no  one  has  suggested  a 
change,  or  perhaps  it  is  a  clieap  local  sand,  and  the  found ryniaii 
hesitates  about  paying  more  for  a  sand  from  a  distance.  In 
one  large  foundry  the  corerooni  foreman  found  that  he  was 
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enabled  to  entirely  eliminate  the  use  of  core  dryers  by  using 
a  different  sand. 

Are  the  binders  used  leally  the  best  for  the  purpose  of  the 
shop  or  quality  of  casting  to  be  produced  ？  The  use  of  an  oil 
binder  with  an  open  sand  frequently  will  do  away  with  all 
venting.  The  writer  remembers  a  particularly  striking 
example  of  unnecessary  venting  which  was  due  to  lack  of 
knowledge.  In  a  foundry,  supposedly  modern,  a  binder  was 
being  used  on  certain  water-jacket  cores,  which  made  it  neces- 
sary for  the  coreniaker  to  spend  20  minutes  venting  each  set  of 
cores.  The  binder  was  changed  to  an  oil  compound  and  quartz 
sand  mixtures  which,  though  slightly  more  expensive,  saved 
more  than  twice  the  entire  expense  of  the  binder  by  elimi- 
nating the  venting.  At  the  present  time,  many  ooremakers 
are  spending  needless  time  venting  certain  oil  cores,  because 
no  one  in  the  foundry  has  taken  the  trouble  to  ascertain 
whether  the  venting  can  be  done  away  with. 

In  other  caees,  a  different  sand  and  binder  frequently  does 
away  with  the  use  of  driers  or  will  give  more  perfectly-shaped 
cores.  The  best  t'oundry  practice  is  to  use  just  enough  core 
binder  to  iiold  the  core  sand  together  until  the  casting  lias  set. 
If  too  much  is  used,  the  liard  core  requires  extra  work  to 
remove  it  from  the  mould,  therefore  the  proper  mixtures  for 
different-sized  castings  and  kinds  of  metal  should  be  deter- 
mined. The  shops  which  do  not  have  their  sand  mixtures 
standardised  are  the  most  frequent  losers  because  of  excessive 
binder. 

Tlie  lack  of  enough  binder  and  the  subsequent  loss  of  cores 
ill  handling  is  also  due  to  failure  to  standardise  the  pnixture. 
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Using  the  best  binder  and  sand,  mixing  them  in  the  same  way 
each  time,  aud  baking  them  under  the  same  conditions  will 
produce  the  results  wanted.  Core-sand  and  facing-mixture 
standards  are  placed  on  cards,  as  shown  in  Fig.  1. 

In  the  case  of  cupola  supplies,  it  is  a  question  of  obtain- 
ing cupola  blocks  and  clays  of  the  best  quality,  for  here,  as  in 
nearly  all  other  cases  connected  with  the  purchase  of  materials, 
it  is  a  paying  proposition  to  get  the  best.  The  money  saved 
by  the  use  of  inferior,  cheap  grades  will  be  more 
than  offset  by  the  expenditure  of  money  caused  by 
tiie  amount  of  extra  labour  used  in  reliiiing  the  cupola  at 
more  frequent  intervals.  Some  systems,  such  as  the  material 
record  shown  in  Fig,  2，  can  be  used  not  only  for  keeping  track 
of  the  amount  of  material  on  hand,  but  has  a  place  for  the 
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entry  of  a  specification  for  the  buying.  With  this  specifica- 
tion, made  out  according  to  the  best  information  obtainable, 
the  materials  should  give  satisfaction.  The  writer  has  found 
it  to  be  common  foundry  practice  to  order  minor  foundry 
materials  without  any  specification  as  to  quality,  which  is  as 
bad  as  a  similar  practice  of  ordering  pig  iron  without  specify- 
ing the  chemical  content. 

Moulding  sand  is  anotiier  material  to  wliicli  a  lot  of 
thought  should  be  given.  Many  foundries  are  purchasing  the 
same  kind  of  sand  from  year  to  year  without  really  knowing 
whether  it  is  tlie  best  and  cheaper  when  everything  is  con- 
sidered. 

It  is  very  desii  able  that  foundrymen  keep  a  record  of  the 
weight  of  castings  produced  for  each  ton  of  sand  used.  Are 
many  castings  being  lost  by  scabbing,  which  would  not  occur 
by  the  use  of  a  different  sand  ？  We  all  acknowledge  that  the 
best  of  moulders  can  produce  castings  using  any  old  sand,  but 
does  not  the  less  skilled  moulder  or  machine  hand  have  more 
trouble  with  scabbed  castings  ？  Changing  the  moulding  sand 
has  ofteii  reduced  the  loss  of  scabbed  castings,  turned  out  by 
semi-skilled  moulders,  to  a  miiiimum.  It  takes  only  a  few  bad 
castings  to  make  some  appai  ently  cheap  sands  very  dear  in 
cost. 

The  necessity  for  giving  strict  attention  to  the, purchase  of 
materials  cannot  be  given  too  much  emphasis,  for  materials 
tliat  require  extreme  care  iii  handling  will  require  very  skilled 
men  in  tlieir  manipulation,  and  skilled  labour  costs  more  tlian 
unskilled.  We  do  iiot  think  anyone  will  advocate  the  use  of 
this  kind  of  material  when  castings  of  as  good  a  quality  can 
be  produced  at  less  cost  by  using  cheaper  material  and  labour. 
In  these  days  when  inexperienced  men  have  to  be  used,  it  is  a 
better  policy  to  place  in  their  hands  sucli  materials  as  lie  can 
work  with  satisfactorily  with  the  assurance  that  tliey  will 
})rodnce  good  results.  From  this  can  be  seen  the  importance 
of  having  men  at  the  head  of  the  shop  who  are  skilled  enough, 
and  who  will  analyse  the  results  and  can  place  the  blame  where 
it  belongs. 

Once  wlien  the  writer  was  working  as  a  coiemaker  in  a 
】arge  engine  plant,  many  small  castings  of  a  certain  type  were 
lost,  and  the  foreman  of  tlie  foundry  claiir.ecl  that  the  cores 
blew.  Tlie  corerooni  foreman,  not  knowing  much  about  mould- 
ing, had  to  take  his  word  for  it,  but  the  writer  investigated 
the  case,  and  found  out  that  the  castings  did  not  have  a  head 
of  metal  liigh  enough  to  force  and  liold  iron  in  the  projecting 
part.  The  moulding  practice  was  changed.  The  found ly  fore- 
man either  did  not  know  enough  to  analyse  the  cause  or,  not 
caring  to  take  the  blame,  tried  to  make  the  coreroom.  foreman 
tlie  goat.    Tliis  habit  of  always  trying  to  place  the  blame  on 


the  other  man,  thus  dodging  personal  responsibility,  is  one  of 
the  worst  faults  of  most  foundrymen,  as  well  as  men  in  other 
lines  of  work.  The  organisation  of  an  efficient  inspection 
department  with  men  having  a  good  knowledge  of  foundry 
practice  will  eliminate  these  troubles  by  carefully  analysing 
all  losses. 

In  the  matter  of  equipment,  mucli  has  been  clone  in  the  last 
few  years  to  improve  foundry  conditions  through  tlie  applica- 
tion of  moulding  machines,  sand-cutting  and  mixing  equip- 
ment, and  transportation  and  conveying  systems,  and  most 
foundrymen  have  taken  advantage  of  some  or  all  of  these 
means  to  increase  their  output.  These  devices  all  require  con- 
siderable outlays  of  money,  and  before  making  an  installation, 
a  study  should  be  made  of  the  advantages  to  be  gained,  deter- 
mining whab  machine  will  best  fill  the  particular  needs  at 
hand.  In  most  cases,  the  answer  is  determined  by  the  number 
of  castings  to  be  made  from  different  patterns.  Those  machines 
which  are  simple  and  permit  of  easily-changed  patterns  are 
of  most  value  to  ordinary  shops.  Among  such  machines  are  the 
ordinary  hand  or  air  squeezer,  the  simple  roll-over  drop  plate, 
and  the  straight  stripping  plate  macliiiie.  Very  few  foundries 
are  doing  work  of  such  a  nature  but  that  it  will  pay  them  to 
investigate  the  possibilities  of  installing  some  of  the  simpler 
moulding  machines.  In  foundries  having  exceedingly  large 
orders,  the  more  complicated  machines  that  combine  several 
operations  and  the  installation  of  elaborate  sand-handling 
plants  are  important  factors. 

Nearly  every  shop  will  find  that  it  pays  to  have  simple 
electric  riddlers  and  sand  mixers,  for  these  machines  will 
supply  the  moulders  with  a  thoroughly  riddled  sand  and  facing 
at  a  great  saving  in  labour.  Also  there  is  a  saving  in  the 
amounts  of  sea  coal  and  core  binders  used,  as  compared  with 
hand-riddled  sand.  The  use  of  these  mixtures  will  assist  the 
foiindryman  in  standardising  his  methods  of  iiiixing.  It  cer- 
tainly is  surprising  how  often  we  still  meet  foundry  foremen, 
who,  without  giving  the  matter  real  thought,  declare  that 
sucli  machines  are  no  good,  believing  they  know  it  all,  and 
not  caring  to  have  others  teach  them  anything. 

It  is  also  necessary,  in  order  to  get  real  value  out  of 
machines,  to  keep  them  in  use  and  not  let  them  lie  idle  any 
more  than  is  absolutely  necessary.  An  example  of  the  losses 
accruing  from  idle  machines  was  found  in  the  foundry  of  a 
well-known  automobile  factory.  There  were  six  moulding 
riachines  in  the  brass  department,  which  were  used  merely  as 
ordinary    moulding    benches    with    vibrator  attachments. 
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Although  most  of  the  work  in  this  department  was  of  a  type 
almost  ideal  for  squeezer  machines,  it  was  not  fitted  up  on 
plates  for  use  on  these  squeezing  machines.  There  were  20 
other  machines  in  the  grey-iron  department  of  this  shop 
stored,  or  rather  dumped,  in  storage  bins,  and  only  two 
machines  were  in  use  on  the  cylinders,  although  good  use  was 
being  made  of  rock-over  machines  for  core  work.  The  diffi- 
culty seemed  to  be  that  the  foreman,  having  a  little  trouble 
in  getting  the  squeezing  machines  and  plates  fitted  up  as  they 
should  be,  got  disgusted  and  turned  back  to  the  old  way  of 
doing  the  work.  Where  possible,  the  make  of  macliiiies  should 
be  kept  as  uniform  as  possible,  for  this  means  fewer  kinds  of 
pattern  fixtures,  greater  iiiterchangeability  of  work,  and  all 
inacliiiies  in  use  all  the  time. 

Anotiier  important  item  to  consider  in  foundry  equipment 
is  that  of  flasks.  In  only  a  few  cases  do  the  old  wooden  flasks 
j)ay，  for  their  weakness  and  sliort  life  make  them  the  most 
expensive  in  common  use.    It  is  up  to  the  foundry  manage- 
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uRMit  to  (lecitlo  whether  ilioy  want  s"、(、l，  iron,  or  wood  flasks, 
and  careful  coiisiderat ion  should  be  given  to  fuuling  out  what 
is  host  for  ;in v  purticular  shop.  The  question  of  investiiuMit, 
absolulo  jUH'urju'v  of  flasks,  ease  iu  handling,  standardisation 
of  pins,  and  leu^'tli  ot"  service,  are  some  of  the  things  to  be 
considered  by  the  found ryinau  in  studying  this  vital  item. 
The  foreman  who  is  a  constant  reader  of  found ry  literature, 
learning  of  the  kinds  of  new  equipment  bei"g  put  on  the 
market,  is  the  one  who  is  most  apt  to  keep  his  shop  on  the  best 
paying  basis.  The  one  who  merely  stays  in  his  own  slioj),  with- 
out seeking  oul side  infoi'tuatioii,  is  t he  man  who  lets  the  world 
march  on,  aiul  then  suddenly  wakes  ii]>  to  find  himself  out,  of 
the  running. 

The  proper  eqiiipTuent  having  been  installed,  it  is  necessary 
to  watch  closely  and  have  it  always  in  running  order.  Flasks 
and  boards  should  always  be  kept  in  shape,  and  all  repairs 
should  be  made  as  soon  as  possible.  To  be  sure  that  this  is 
done,  it  will  pay  to  have  some  one  man  charged  with  the  up- 
keep and  make  him  responsible.  Moulders,  corenuikers,  and 
other  foundry  help,  as  a  general  rule,  know  very  little  about 
the  proper  care  of  machine  tools,  and  cannot  be  de])eiided  on 
to  see  that  the  mechanical  equipment  is  cared  for  in  the  proper 
way.  Because  so  many  foiuidryiiien  lack  this  training  in 
machinery  upkeep  is  all  the  more  reason  for  having  some 
niacliinist  whose  sole  duty  it  is  to  keep  the  mechanical  equip- 
ment in  the  best  of  condition.  We  all  know  that  good  machi- 
nery in  good  condition  is  one  of  the  best  paying  propositions  in 
any  line  of  manufacture,  and  good  machinery  neglected  is  one 
of  the  most  costly  items  in  a  sliop,  for  ifc  is  money  being  thrown 
away  recklessly.  Very  few  foundries  liave  even  a  semblance  of 
a  toolroom,  and  yet  the  slogan,  "  The  right  tool  in  the  riglit 
place  when  wanted/'  could  be  of  value  to  every  foundry,  as  it 
is  to  practically  all  machine  shops.  Almost  every  person  who 
has  worked  in  foundries  has  seen  the  constant  hunt  for  such 
tools  as  levels,  hatchets,  trammel  points,  special  clamps, 
gaggers,  and  many  times  for  decent  riddles,  rammers,  shovels, 
and  many  of  the  most  common  tools. 

A  moulder,  when  first  starting  to  work  in  a  shop,  usually 
brings  iu  a  few  tools  of  his  own,  and  inherits  from  the  man 
who  previously  worked  his  floor  some  old  tools,  such  as  a 
shovel,  a  rammer,  gate  pins,  &c.  Each  moulder  is  generally 
fighting  to  retain  possession  of  sufficient  gaggers,  clamps,  and 
wedges  for  his  own  needs,  and  frequently  has  to  use  makeshifts. 
Usually,  when  he  is  through  usi)ig  clamps  and  special  equip- 
ment, he  will  hide  it  away  for  future  use,  and  if,  in  the  mean- 
time, another  man  has  need  for  it,  it  cannot  be  found.  What 
moulder,  coreniaker,  or  foundry  labourer  would  not  appreciate 
a  gooH  toolroom  and  a  storage  place  where  tools  and  equip- 
ment could  be  obtained  when  needed  ？ 

With  a  central  storage  place,  tools  and  equipment  can  be 
kept  in  repair  and  on  hand  in  sufficient  quantity  for  tlie  needs 
of  the  shop.  When  a  workman  is  through  with  special  equip- 
ment, such  as  gaggers,  clamps,  riser  pins,  blocks,  &c.，  it  could 
be  returned  by  some  one  whose  duty  it  is  to  collect  such  tilings. 
Other  tools,  such  as  the  more  valuable  special  lifters,  wrenches, 
levels,  hammers,  &c.，  could  be  checked  out  on  the  ordinary 
checking  system.  Even  in  highly  specialised  shops  there  is 
need  of  a  central  toolroom,  together  with  supervision  over  the 
tools  used,  for  very  few  moulders  really  analyse  their  needs  to 
the  best  advantage.  Mucli  time  could  be  saved  if  all  the  work- 
men were  supplied  with  the  best  small  tools  for  their  class  of 
work,  for  there  are  few  foundries  in  the  country  wliere  there  is 
not  seen  a  great  variety  of  swab  pots,  lifters,  slicks,  vent  wires, 
gate  cutters,  draw  screws,  &c.  In  this  large  variety  of  tools 
there  are  many  which  are  inefficient  and  should  be  discarded. 
In  foundries  with  a  great  variety  of  work,  the  need  for  a  tool- 
room for  the  storage  of  the  great  variety  of  special  equipment 
used  is  mucli  greater,  and  it  is  just  as  bad  practice  for  a  foun- 
dry to  not  liave  such  a  place  as  it  is  for  machine  shops  to  have 
no  storage-room  for  their  jigs,  fixtures,  and  small  tools. 

It  is  becoming  more  and  more  impressed  on  founclryinen 
that  before  a  piece  of  work  is  turned  over  to  the  workmen,  it 
should  be  carefully  considered  by  a  planiiing  department  to 
see  the  proper  flasks,  boards,  rods,  gate  and  riser  pins,  facing 
sands,  and  methods  of  making  are  placed  iu  the  hands  of  tlie 
moulder  before  he  starts  to  work.  This  idea  may  be  carried 
out  further  by  having  tliis  information  placed  on  a  form  and 
filed  away  for  future  use.    This  record  will  be  of  invaluable 


assistaiuro  t-o  those  liaviiif^  charge  of  the  planning  in  the  sliop. 
Fig.  3  illustrates  a  tool  card  that  can  be  used  to  advantage  by 
aiiy  lomidry.  Fig.  4  shows  an  illuHtration  of  an  instruction 
card  for  use  in  coreniaking  and  coremoulding. 

To  make  such  a  scheme  effective,  org-iriisalioii  of  llic  sliop 
forces  is  necessary,  so  that  when  an  order  readies  the  found  ry 
office,  tlie  production  manager  can  turn  the  information,  an 
to  wlteii  and  where  tlie  work  is  to  be  made,  over  to  the  inecliani- 
cal  supervisor.  Then  from  the  too!  cards,  the  mechanical 
supervisor  finds  out.  wliat  is  needed  for  the  work  in  the  way 
of  tools  and  eqiiipmeii"  and  has  everything  ready  to  start 
work  at  the  proper  time,  without  the  necessity  -of  liaviii^  the 
moulder  or  coreinaker  loaf  around  while  some  needed  equip- 
ment is  being  found  or  made.  Such  a  system  also  avoids  hav- 
ing to  hunt  for  some  missing  part  or  tool. 

When  a  foundry  is  in  difficulties  from  tlie  manufacturing 
end,  the  solution  can  nearly  always  be  found  from  a  study  of 
one  or  all  of  the  three  factors  which  have  been  discussed.  These 
factors  having  been  analysed  in  the  light  of  the  best  in  the 
foundry  world,  the  causes  of  poor  results  should  be  ascer- 
tained. Knowing  where  the  trouble  lies,  it  is  generally  a 
comparatively  easy  matter  to  remedy  the  cause,  but  the  remedy 
cannot  be  applied  before  the  cause  of  the  trouble  is  located. 
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It  is  necessary,  to  get  the  best  results,  to  take  action  along  the 
following  lines  :  (1)  Study  the  rnetliods  iu  vogue  in  the  shop 
in  question  ；  (2)  study  the  】netliods  in  vogue  in  the  best  prac- 
tice in  this  line  of  work,  or  any  other  line  of  work  which  might 
suggest  ideas  ；  (3)  clean  up  the  shop  and  arrange  it  for  the  best 
work,  providing  storage  places  for  equipment  and  ir.aterials  ； 
(4)  standardise  materials,  mechanical  equipment,,  methods,  and 
times  of  operations  ；  (5)  route  and  dispatch  work  through  sliop 
under  these  improved  conditions. 

By  standardisation,  we  do  not  mean  that  one  certain 
method  or  piece  of  equipment  should  be  selected  from  the 
many  and  then  adhered  to  religiously  for  ever,  but  we  do  mean 
that  the  best  known  way  should  be  found  and  then  used  as  a 
standard,  while  a  constant  search  is  being  carried  on  for  a 
better  standard.  We  all  know  that  standards  are  being  raised 
all  the  time,  and  are  expensive  to  change,  therefore  the  firm 
which  can  set  its  standard  further  iu  advance  of  the  others 
will  find  it  unnecessary  to  change  the  standard  as  often  as 
ilie  others.  Also,  it  is  well  known  that  those  manufacturers 
having  a  definitely  outlined  course  of  procedure  will  almost 
always  succeed,  when  often  they  would  fail  umler  the  old  liit- 
or-miss  system. 

The  larger  and  more  specialised  foundries  have  had  most  of 
these  ideas  of  standardisation  forced  upon  them  by  the  hard 


298 


THE   MECHANICAL  ENGINEER. 


[October  20, 1916 


scliool  of  experience.  Tnev  have  been  coni))ellcd  to  use  com- 
paratively unskilled  help,  and  have  been  obliged  to  train  this 
help  in  the  execution  of  specialised  tasks,  such  as  machine 
moulding,  sand  mixing,  jiouriiig  metal,  &c.  Before  much  can 
be  done  in  the  way  of  planning  and  dispatching  work  through 
a  foundry,  the  average  shop  will  have  several  important  things 
to  do.  First,  it  will  nave  to  be  cleaned  up.  Get  rid  of  the 
accumulated  junk  so  often  found  in  corners,  gangways,  and 
bins.  Storage  places  will  have  to  be  provided  for  all  equip- 
meiit  and  materials,  and  methods  devised  for  keeping  track 
of  this  stored  equipment  and  materials. 

These  storage  places  should  be  arranged  in  the  most 
accessible  places,  with  men  in  charge  to  see  that  the  equip- 
ment and  materials  are  kept  in  their  proper  places.  The 
arrangement  of  the  foundry  should  be  such  that  the  work  pro- 
ceeds in  a  steady  flow  from  the  raw  material  yard,  through 
the  core  and  moulding-rooms  to  the  cleaning  and  shipping 
clej)artnients.  With  the  shop  in  good  condition,  an  effort  can 
be  made  to  standardise  the  operation  routines  and  set  rates  on 
the  different  pieces,  with  some  assurance  that  the  rates  will  be 
correct.  These  rates  should  not  be  set  by  estimates  by  the 
foreman,  but  should  be  made  by  time-study  averages.  It  is 
true  that  the  average  foreman's  estimate  of  the  time  needed  to 
do  a  given  piece  of  work  is  seldom  accurate.  When  all  opera- 
tions are  proceeding  in  good  form,  it  still  remains  for  the 
manager  and  all  men  working  under  him  to  strive  constantly 
to  improve  methods  and  results,  for  the  manufacturing  world 
is  continually  moving  ahead,  and  those  who  stand  still  are  soon 
out  of  the  running. 


THE  PRESENCE  OF  ALUMINA  IN  STEEL.* 

BY  GEORGE  F.  COMSTOCK. 

In  the  literature  dealing  with  inclusions  in  steel  there  are 
but  few  references  to  alumina.  One  of  the  earliest  of  these, 
and  also  the  most  definite,  is  in  an  article  by  Heyii  and  Bauer, 
entitled  "  Kupfer,  Zinn,  und  Sauerstoff/'  published  in  the 
" Zeitscliift  fur  Anorganische  Chemie,"  1905，  No.  45，  page  63. 
This  reference  to  alumina,  freely  translated  from  the  German, 
is  as  follows  ：  "  The  film-like  enclosures  of  tin  oxide  in  bronzes 
bear  much  similarity  to  the  enclosures  in  mild  steel  which  have 
been  deoxidised  with  aluminium  instead  of  manganese.  A 
photomicrograph  shows  such  enclosures,  which  consist,  as 
found  by  analysis,  of  alumina.  Also,  in  copper-magnesium 
alloys  similar  enclosures  can  be  observed  which  are  due  to  thin 
films  of  magnesium  oxide." 

Referring  to  the  use  of  aluminium  as  a  cleoxidiser,  and  the 
resulting  formation  of  alumina,  Dr.  Walter  Rosenhain,  in  his 
" Introduction  to  the  Study  of  Physical  Metallurgy/'  page 
153,  writes :  A  more  powerful  deoxidising  agent  than  man- 
ganese  is  furnished  by  alu minium,  but  this  differs  from  man- 
ganese in  two  vitally  important  respects.  In  the  first  place, 
{ he  oxidation  product  of  aluminium  is  a  particularly  refractory 
substance,  alumina,  which  has  a  strong  tendency  to  remain  in 
the  molten  metal  in  suspension  as  fine  particles.  These,  of 
course,  tend  to  lessen  the  strength  and  toughness  of  the  alloy. " 

In  a  paper  entitled  "  Tlie  Solid  Non-metallic  Impurities  in 
Steel,"  published  in  the  "  Transactions  "  of  the  American 
Institute  of  Mining  Engineers,  Vol.  XLI.,  pages  803-822, 
Henry  D.  Hibbard  writes,  in  part,  as  follows :  "If  other 
element  s  have  been  added,  such  as  'aluminium,  chroiniiun,  or 
vanadium,  their  oxides  and  silicates  may  be  present.  .  .  . 
The  too-plentiful  use  of  aluminium  in  steel  may  have  been 
condemned,  partly  at  least,  because  it  forms  oxides  or  silicates 
in  the  metal,  which,  being  insoluble,  and  infusible,  exist  in  the 
solid  steel  as  very  harmful  sonims.  Of  course,  to  form  the 
oxide  tiiere  must  still  be  some  oxide  of  iron  or  manganese  in 
tlie  steel.  If  the  metal  were  free  from  oxygen  perhaps  the 
weakening  effect  of  aluminium    .    .    .    would  not  occur." 

The  various  writers  quoted  above  unmistakably  recognise 
the  existence  of  alumina  as  a  fiequent  non-metallic  in; purity 
in  steel.  They  are  aware  of  the  potential  liarrnfulness  of  this 
impurity,  but  they  do  not  give  any  idea  as  to  how  it  may  be 
recognised  and  identified  in  metallographic  work.    To  supply 

*  Abstract  of  i)aj)ei*  read  at  the  annual  meeting  of  the  American  Foundrymen's 
Association,  Cleveland,  Sepleinbcr  llth  to  15th,  1916. 


this  deficiency  was  the  object  of  the  author's  article  on 
" Alumina  in  Steel,"  published  in  Metallurgical  and  Chemi- 
cal Engineering/'  Dece-nber  1st,  1915.  This  article  described 
the  experiments  made  to  ascertain  the  characteristic 
appearance  of  alumina  in  steel,  and  showed  numerous  photo- 
micrographs to  illustrate  it.  The  work  will  not  be  gone  over  in 
detail  here,  as  the  original  article  can  easily  be  referred  to. 

The  differences  between  inclusions  of  alumina  and  ordinary 
slag  or  silicates  in  steel  are  :  (1)  Silicate  inclusions  will  gene- 
rally take  a  fairly  smoota  polish  in  a  section  prepared  for 
iiiicroscopic  examination,  while  alumina  is  very  hard  to  polish 
without  pitting.  (2)  Silicate  inclusions  are  always  elongated 
in  the  direction  of  rolling  or  forging,  while  alumina  particles 
are  not.  The  groups  of  particles  are,  of  course,  elongated,  but 
not  the  particles  themselves.  (3)  Silicate  inclusions  are  often 
found  of  quite  large  size,  as  well  as  very  small,  while  particles 
of  alumina  are  always  small,  and  do  not  seem  to  coalesce  into 
large  bodies  even  when  closely  grouped  together.  These 
characteristics  of  alumina  inclusions  agree  with  what  is  known 
of  tiie  properties  of  alumina.  Its  great  hardness  and  brittle- 
ness  would  account  for  the  pitting  effect :  its  infusibility  would 
account  for  the  small  size  of  the  particles  and  the  tendency 
not  to  coalesce  ；  and  both  of  these  properties  together  would 
account  for  the  particles  not  being  elongated  by  forging  or 
rolling  of  the  steel  in  which  they  are  embedded.  My  former 
article  pointed  out  that  no  other  substance  was  known  that  had 
exactly  the  same  appearance  as  alumina  in  a  polished  steel 
section,  and  this  statement  still  holds  true. 

The  well-known  metallograpliist,  Prof.  Albert  Sauveur,  of 
Harvard  University,  has  lecently  completed  an  independent 
investigation  dealing  with  the  occurrence  of  alumina  inclusions 
in  steel,  in  the  course  of  which  he  examined  some  of  the 
author's  specimens  as  well  as  some  that  he  himself  prepared. 
His  report  of  this  work  was  published  in  the  August  1st,  1916， 
issue  of  "  Metallurgical  and  Che  rical  Engineering."  The  con- 
clusion reached  by  Prof.  Sauveur  was  that  "alumina  inclusions 
may  be  distinguished  under  the  microscope  from  the  other 
inclusions  generally  occurring  in  steel,  being  characterised  by 
their  small  size,  their  dark  coloration,  and  more  especially 
by  a  com plete  absence  of  elongation  in  the  direction  of  the 
lolling  or  forging. ， 

It  may  seem  that  the  characteristic  appearance  of  alumina 
inclusions,  as  compared  with  slag  or  silicates,  is  only  exhibited 
in  worked  steel,  but  tiiis  is  not  the  case.  The  identification  of 
alumina  in  cast  steel  calls  for  u:ore  care  and  experience  than  in 
worked  steel,  for  small  silicates  here  exist  as  globules  instead 
of  fibres,  and  might  perhaps  be  mistaken  for  alumina  if  care- 
lessly polished  and  examined.  But  the  very  dark  colour  of 
alumina,  its  rough  appearance  and  tlie  pitting  effect,  and  the 
invariably  small  size  of  llie  individual  particles  are  sufficiently 
distinctive  characteristics  to  enable  it  to  be  recognised  in  cast- 
ings as  well  as  forcings,  especially  if  the  observer  is  careful 
and  already  familiar  with  its  appearance.  The  usual  aspect  of 
alumina  in  cast  steel  is  the  same  as  in  forged  or  rolled  steel, 
with  the  single  exception  that  when  the  particles  are  grouped 
closely  together  in  certain  spots,  the^e  groups  are  of  irregular 
or  rounded  shape  in  castings,  instead  of  being  elongated  into 
streaks  as  in  a  rolled  bar.  A  similar  difficulty  to  that  expe- 
rienced in  castings  may  be  encountered  in  cold-worked  steel, 
such  as  wires,  tensile  test  bars  after  pulling,  &c.  Here  the  slag 
or  silicate  fibres  are  usually  broken  up  into  fragments  and 
drawn  out  into  streaks,  but  if  carefully  polished  the  fragments 
of  silicates  can  be  recognised  by  their  definite  and  angular 
outlines  and  their  sniootli  surface,  while  alumina  particles  will 
be  rougher,  probably  more  or  less  pitted,  and  less  distinctly 
outlined. 

It  is  not  desired  to  give  the  impression  that  alumina  always 
exists  in  steel  in  the  form  of  large  groups  of  particles.  Its  most 
usual  mode  of  occurrence  is  probably  in  isolated  particles, 
thinly  scattered  through  the  metal,  and  in  this  form  it  is  prac- 
tically harmless.  The  danger  in  its  use  as  a  cleoxidiser  lies  in 
the  fact  that  with  our  present  knowledge,  or  under  present  mill 
conditions,  we  can  never  be  sure  that  the  alumina  particles 
will  not  segregate  or  gather  together  in  certain  parts  of  the 
casting  or  ingot.  When  this  happens  the  results  are  dan- 
gerously weak  streaks.  Such  streaks  may  not  be  common,  but 
they  nevertheless  do  occur  when  aluitiina  is  used,  and  may 
cause  great  harm. 
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STARTING  DIESEL  ENGINES  WITH  LOW  COMPRESSION. 


II Y  1MU)F. 


WATKINSON. 


In  engines  of  I  he  Diesel  type,  air  flows  into  t  lie  cylinder  (luriii*; 
the  charging  stroke,  ami  the  fuel  oil  is  not  sprayed  into  the 
cylinder  until  the  compression  has  been  completed.  In  order 
that  the  teniperature  of  the  air  may  be  raised  during  coin- 
])ressioii  to  the  ignition  temperature  of  the  oil,  the  compression 
pressure  is  usually  about  4601bs,  to  5001bs.  ])er  square  inch, 
and  it  has  hitherto  been  believed  that  this  high  compression 
pressure  was  necessary  to  effect  self-ignitioii  of  the  oil  sprayed 
into  the  conij)ressed  air. 

Fig.  1  shows  the  normal  form  of  the  indicator  diagrams 
obtained  from  engines  of  this  type.  During  the  normal 
working  of  these  engines  the  compression  pressure  is,  approxi- 
mately, the  maximum  pressure  of  tlie  cycle  ；  but  during  the 
starting  of  these  engines  explosions  occur  within  the  engine 


a  "mximum  explosion  pressure  of  6001  bs.  per  square  inch 
ahovo  atrnospluM'ic  pressure.  Tliese  diaf^ranis  were  the  find 
t  aken  on  a  cort-ain  "loniiiig  wIumi  t  lu;  engine  was  fi rsl,  siart  ed 
from  "  all  cold." 

Fi"r  f)  shows  seH'-i^Miilioii  with  a  compression  jm'HHure 
of  1^5011)8.,  and  with  a  iiiaxiiniun  pressure  only  a  litt le  in 
excess  of  this. 

Fig.  6  shows  self-igiiitiou;  when  the  compression  pressure 
was  only  1  GOlbs.  per  square  inch  above  atmoHplieric  pressure. 

Fig.  7  shows  a  light  spring  diagram,  and  indicates  one 
way  by  which  it  lias  been  possible  to  obtain  ignition  tempera- 
tures without  a  high  compression  j  ressure. 

The  equation  io  the  compression  curve  (Fig.  8)  is  p  V"  ―  C, 
and  from  this  it  follows  that 


These  equations  show  that  the  teinperaiiu'e  at  the  end  of 
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cylinder,  and  the  pressure  attained  during  these  explosions 
may  amount  to  SOOlbs.  per  square  inch  or  more. 

Fig.  2  shows  a  series  of  starting  diagrams,  from  a  50  b.h.p. 
engine,  which  illustrate  this  point.  The  pressure  attained 
in  the  first  explosion  is  8001bs.  per  square  inch  above  atmo- 
spheric pressure,  and  considerably  higher  pressure  has  been 
recorded  during  starting  under  normal  conditions. 

On  account  of  the  high  pressures  developed  during  the 
starting  of  these  engines,  and  also  because  of  the  higher  pres- 
sures than  those  Tnentioned  which  are  liable  to  be  developed 
under  certain  abnormal  couditions,  it  is  necessary  to  make 
various  principal  parts  of  the  engine  much  stronger  than 
would  be  necessary  for  the  normal  maximum  working  pressure 
and,  in  consequence,  these  engines  are  heavier  and  more  costly 
per  unit  of  power  than  other  types  of  internal-combustion 
engines.  The  author  has  found  that  it  is  possible,  in  several 
different  ways,  to  obtain  ignition  temperatures  during  com- 
prcssiou  without  the  use  of  high  compression  pressures,  and 
the  object  of  this  paper  is  to  describe  the  simplest  of  these. 

Fig.  3  shows  a  number  of  continuous  diagrams  from  the 
engine  after  a  slight  addition  had  been  made  to  it.  In  all 
these  diagrams  the  compression  pressure  is  very  much  lower 
t  han  the  minim  urn  pressure  hithert  o  believed  t  o  be  necessary 
for  self-igiiition.  In  the  fourth  explosion  the  compression 
pressure  is  3501bs.  per  square  inch,  and  the  maximum  explo- 
sion pressure  in  this  case  is  6201bs.  per  square  inch.  In  the 
16th  explosion  the  maximum  pressure  is  GOOlbs.,  and  the  com- 
pression pressure  is  2601bs.  In  the  second  row  of  these 
diagrams,  ignitions  are  shown  to  be  taking  place  quite  regu- 
larly with  a  compression  pressure  of  2201bs.  per  square  inch. 

Fig.  4  shows  diagrams  for  the  starting  air  ami  explosions 
due  to  self-ignition,  with  a  compression  pressure  of  3301bs.,  and 

*  Paper  read  before  Section  G  of  tlie  British  Association,  September  7th,  1916. 


compression,  in  any  given  case,  depends  on  the  ratio  of 
compression  and  not  on  tlie  magnitude  of  the  pressure  at 
the  end  of  the  compression. 

In  accordance  with  the  experiments  of  the  late  Dr.  Joule, 
the  temperature  is  not  sensibly  reduced  by  wired  rawing  and, 
therefore,  its  temperature  at  the  beginning  of  compression  is 
independent  of  the  pressure  there,  and  the  temperatm'e  of 
the  air   at    the   end   of  compression    is  independent   of  the 

FIG.  7 


STAllTlN(i  DlESKL  ENGINES  WITH  LoW  C'(  ►Ml'UESSTOX. 

compression  pressure.  It  should  be  as  easy  to  obtain  ignition 
temperature  by  compression  to  two  atmospheres  as  it  is  to 
obtain  it  in  the  ordinary  way  by  compression  to  34  atmo- 
spheres ;  but  I  have  not  yet  made  the  experiment  with  such  a 
low  compression  pressure. 

I  need  only  refer  here  to  one  application  of  the  above 
method,  although  there  are  several  that  appear  to  be  impor- 
tant. 

To  avoid  the  very  high  pressures   obtained  during  the 
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starting  of  such  engines,  it  is  only  necessary  to  throw  the 
mechanism  operating  tlie  air  admission  valve  out  of  action, 
and  then  the  spring  on  the  valve  spindle  will  automatically 
control  the  wiredrawing  of  the  air  admitted  to  the  cylinder, 
and  the  maximum  explosion  pressure  during  the  starting  of 
the  engine  will  then  be  limited  io  about  the  normal  compres- 
sion pressure,  instead  of  its  being  SOOlbs.  per  square  inch  or 
more. 


VOLTAIC  CORROSION  AND  ITS  PREVENTION. 

BY  THOMAS  J.  ROGEKS. 

Numerous  】nethods  have  been  suggested  and  employed  for 
the  protection  of  those  parts  of  a  ship's  fittings  which  come 
in  contact  with  sea  water,  among  which  zinc  has  been  exten- 
sively used  for  tliis  purpose  from  its  electro-positive  character. 
The  influence  of  this  metal  in  protecting  another  which  is 
negative  to  it  and  under  the  salt  solution  is  a  subject  that  has 
occupied  the  attention  of  practical  men  for  a  long  time.  It 
is  one  of  very  great  importance  at  the  present  time,  as  corro- 
sion takes  place  to  an  alarming  extent  on  those  fittings  which 
have  to  conduct  sea  water  to  the  various  points  in  the  modern 
steamship.  To  protect  these  fittings  many  experiments  have 
been  tried,  and  no  appreciable  results  have  been  obtained. 

From  a  careful  observation  of  salt-water  pipes,  which  have 
been  repaired  or  renewed  under  the  author's  supervision,  he 
is  convinced  that  the  excessive  pitting  is  due  to  a  gas,  or  a 
combination  of  gases,  and  tliat  wherever  a  zinc  plate  or  ring 
has  been  placed  in  the  neighbourhood  of  these  fittings  to 
prevent  galvanic  action ,  the  pipes  are  always  severely  pitted 
a;,  the  top  part  of  the  inner  surface  as  they  are  placed  in  the 
ship,  and  that  their  length  of  service  is  very  short  in  compari- 
son to  tliose  which  have  not  been  placed  under  the  influence  of 
this  metal,  as  in  the  manner  herehi  described. 

The  method  employed  to  prevent  galvanic  action  to 
plating  of  hull  adjacent  to  the  openings  of  sea  valves  is  to 
fit  a  cast  zinc  ring  in  the  apertures  of  supply  and  discharge 
pipes  below  the  water  line  This  arrangement  under  the 
most  favourable  conditions  is  only  a  partial  protection,  which 
will  induce  a  more  negative  state  to  the  metals  in  proximity  of 
the  zinc,  and  render  tliose  parts  further  distant  more  positive. 
Such  a  diversity  of  conditions  will  give  rise  to  voltaic  action 
between  the  extremities,  and  from  this  inequality  of  protec- 
tion it  is  productive  of  numerous  evils  which,  when  arising 
ill  one  locality,  may  become  contagious  and  affect  the  whole 
surface  exposed  to  this  influence.  It  can  be  readily  imagined 
that  the  zinc  ring  has,  from  the  manner  in  which  it  is  secured, 
a  metallic  contact  with  the  lip  of  the  composition  stool  which 
pierces  the  hull.  A  pair  of  metals  so  arranged  will  not  be 
able  to  generate  much  current,  and  the  conditions  are  such 
that  it  is  not  applicable  for  the  purposes  for  which  it  is 
intended,  as  the  conducting  powers  of  the  composition  and 
copper  connections  are  so  much  superior  to  the  salt  water  and 
the  plating  of  the  hull  that  whatever  of  current  is  excited 
will  find  the  easiest  passage  tli rough  the  fit-tings,  and  as  there 
is  no  electric  efTort  in  the  direction  of  tlie  plating,  it  being  a 
positive  metal  in  this  series,  will  be  given  a  more  positive 
value  in  the  solution. 

It  is  a  well-known  fact  to  elect ro-cliernists  that  when 
copper  and  zinc  or  composition,  and  copper  and  steel  and 
zinc,  as  in  this  case,  are  placed  in  a  salt  solution  they  form 
a  single  fluid  battery  with  two  parts  of  metals,  and  no  battery 
of  this  order  will  generate  and  maintain  an  electric  current 
of  a  uniform  constancy  of  strength  to  protect  the  metal  from 
dissolution  by  galvanic  action,  as  the  surfaces  of  the  positive 
metals  soon  become  decomposed  in  their  order,  and  the  nega- 
tive metals  by  becoming  polarised  from  the  gradual  accumu- 
lation of  hydrogen  gas  upon  their  surfaces,  become  insulated 
and  give  a  counter  effect  in  the  solution. 

In  applying  this  principle  as  a  means  of  protection  there 
are  other  elements  which  have  not  been  taken  into  considera- 
tion. There  are  possibilities  of  the  electro-chemical  action 
at  these  points  setting  free  many  elements  contained  in  sea 
water  whicli  are  injurious  to  a  ship's  fittings.  In  the  action 
between  the  sea  water  and  the  metals  hydrogen  gas  is  evolved. 
This  gas  alone  is  harmless,  but  there  are  cases  in  wliicli  it 
enters  into  combination  witli  other  elements  and  dissolves 
those  metals  wliich  liave  an  affinity  for  it.  Hydrogen,  when 
in  tlie  ari  of  being  evolved  })y  llie  agency  of  a  rnotal,  mani- 
fests sufficient  activity  to  decoinposs  oHier  existing  conibiua- 


tioiis  present  in  the  water  and  appropriate  their  elements, 
thus  forming  new  compounds.  It  is  well  known  to  chemists 
that  when  a  current  of  electricity  is  passed  through  a  salt 
solution  the  salt  contained  in  the  solution  will  become  decom- 
posed, caustic  soda  being  set  free  from  one  point,  and  chlorine 
from  the  other  point  of  the  terminals.  Chlorine  alone  acts 
with  great  energy  upon  most  substances,  disintegrating  them 
and  forming  new  compounds.  It  has  a  chemical  affinity  for 
hydrogen  gas,  and  under  favourable  conditions  will  combine 
and  form  one  of  the  greatest  solvents  known. 

From  the  location  of  the  apertures  in  the  hull  of  a  vessel, 
and  the  specific  gravity  of  these  gases,  they  are  compelled  to 
arise  and  pass  through  the  system  of  pipes  when  the  valves 
are  open,  and  when  closed  to  escape  to  the  surface  water 
along  the  outer  skin  of  the  hull.  From  the  great  tenuity  of 
these  gases  they  have  a  great  penetrative  or  rapid  diffusive 
power  ；  many  metals  are  penetrated  through  their  pores,  and 
when  there  is  adhesive  attraction  or  a  feeble  chemical 
affinity  between  them  and  the  metal  they  will  condense  on  its 
surface  or  in  its  pores.  Eventually  these  gases  find  their  way 
into  the  boilers  through  the  feed-pumps,  which  have  sea  con- 
nections through  the  salt  water  "  make-up  ，，  at  the  con- 
densers, or  through  the  packing  of  tubes  in  condenser  heads, 
which  it  is  very  difficult  to  keep  perfectly  tight',  and  which 
in  some  cases  are  even  allowed  to  leak  to  make  up  the  defi- 
ciency of  feed-water.  By  this  questionable  method  of  engineer- 
ing considerable  of  this  gas  finds  its  way  into  the  condensers, 
the  bubbles  of  gas  in  travelling  along  with  the  circulating 
water  through  the  tubes  becoming  trapped  in  the  ferrules, 
and  with  the  assistance  of  the  vacuum  on  the  steam  side  and 
the  pressure  of  the  circulating  water  on  the  other,  it  is  forced 
into  tlie  condenser,  carried  down  with  the  condensed  vapour, 
and  dissolved  into  the  feed-water.  From  the  continual  inflow 
of  this  gas  the  feed-water  becomes  highly  charged  with  it, 
and  those  metals  in  the  circuit  for  wliicli  these  gases  have  a 
liking  are  readily  disintegrated.  Copper  in  its  free  state  is 
a  preventative  of  crustacean  or  other  marine  growth,  but 
under  existing  circumstances,  from  the  increased  negativeness 
of  tlie  fittings  in  proximity  of  the  zinc,  they  grow  abundantly 
upon  the  inner  surface  of  the  fittings  for  a  distance  of  6ft.  from 
the  aperture,  and  to  such  an  extent  as  to  reduce  the  area  con- 
siderably. Beyond  this  zone  of  marine  growth,  corrosion  of 
tlie  copper  connection  commences  and  continues  throughout 
the  system  as  far  as  the  gases  reach,  and  the  greater  the 
distance  from  the  zinc  the  coarser  is  the  pitting,  demonstrating 
that  one  point  is  protected  at  tlie  expense  of  another. 

The  author  has  seen  some  specimens  of  corroded  copper 
tube  selected  promiscuously  from  a  defective  salt-water  system, 
and  cut  open  at  the  bottom  of  the  pipe  to  show  the  extent 
of  the  corrosion  from  the  gases  which  travelled  along  with 
the  water.  The  bottom  and  sides  of  this  system  of  pipes 
were  free  from  pits,  and  showed  a  uniform  wear  from  the 
friction  of  the  water  and  the  action  of  tlie  salt,  but  were 
good  for  several  years'  service  althougli  the  extent  of  tlie 
corrosion  made  it  economical  to  renew  the  sections  so  affected. 
The  length  of  service  of  these  fittings  was  nine  months,  but 
with  the  thickness  of  metal  used  it  should,  under  fair  con- 
ditions, have  given  at  least  the  same  number  of  years'  service. 
This  corrosion  is  often  attributed  to  imperfections  in  the 
metals,  but  allowing  such  to  be  tlie  case,  it  is  impossible  for 
a.  mechanic  in  making  and  installing  a  system  of  pipes  to  get 
the  imperfect  parts  of  a  tube  or  sheet  from  which  the  pipe 
may  be  made,  always  at  the  top. 

If  the  practice  of  placing  zinc  rings  in  the  openings  before 
referred  to,  as  a  means  of  preventing  galvanic  action  at  these 
points,  is  continued  it  might  be  advisable  to  fit  gas  chambers 
on  the  top  parts  of  connecting  pipes  at,  or  as  near  as  possible 
to,  the  sea  valve  to  trap  the  gases  as  they  are  evolved,  and 
lead  small  pipes  from  the  tops  of  the  chambers  to  and  through 
the  hull  above  the  water-line  to  release  tliem.  Similar  pipes 
should  also  be  led  from  the  top  of  both  ends  of  the  condensers 
to  release  the  gas  trapped  in  the  covers,  which  will  thus  also 
ensure  a  solid  flow  of  circulating  water  and  improve  the 
efficiency  of  tlie  condensers.  The  composition  fittings  which 
pierce  the  hull  below  the  water-line  might  be  coated  with  an 
enamel  paint  or  porcelain  that  is  impervious  to  sea  water,,  so 
til  at  when  the  sea  valves  are  closed  there  will  be  no  action 
between  these  fittings  and  the  plating  of  the  hull. ― "  Inter- 
national Marine  Engineering." 
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ECONOMIC  PROBLEMS  OF  THE  ENGINEERING  INDUSTRY.* 

HV  K.   \V.   K KKI).  M  .  I .  M  .  I： . 

In  looking  roiiiul  lor  an  appropriate  subjcH't  on  wliicli  to 
iid dross  you  to-iiiglil,  it  apjieared  thai  we  could  not  be  "i(m， 
usct'ully  employed  than  in  reviewing  some  of  t'lie  economic 
problems  of  the  engineering  industry  as  ihoy  stand  revealed 
in  the  light'  t lirowii  upon  them  by  the  state  ol*  war  in  wliicli 
the  old  world  is  now  involved,  ami  wliicli  are  urgently  ('ailing 
for  a(le(iuate  and  fiuulainental  solution,  so  that  we  may  be 
prepared  for  the  cessation  oF  hostilities.  For,  scarcely  will 
peace  have  been  proclaimed  than  industrial  war  will  be  upon 
us.    Even  now  our  organisation  should  be  ready. 

We  are  well  acquainted  with  the  organisation  and  pro- 
ductive capacity  of  the  great  neutral  power  of  the  new 
world.  Will  it  be  】ess  or  more  powerful  in  industrial  com- 
petition with  the  great  influx  of  gold  to  it  from,  in  part, 
our  uupreparedness  ？  The  complete  industrial  organisation 
of  the  chief  central  enemy  power  stands  by  the  war  revealed  ； 
will  that  organisation  cease  to  exist  witli  pe;i('e，  or  will  it  be 
intensified  into  greater  pei'fe('ti(m  and  activity  ？  We  shall  be 
secure  only  in  the  latter  belief.  Already  we  have  warnings 
that  these  countries  are  making  strenuous  preparations  for 
capturing  foreign  trade  after  the  war —— let  us  be  prepared. 

In  most  of  our  establishments  general  work  has  been  dis- 
placed by  the  making  of  machinery  for  the  manufacture  of 
munitions,  whilst  in  others  both  tlie  shops  and  machinery  have 
had  to  be  adapted  to  the  making  of  shell  ami  other  war  mate- 
rial. One  of  the  problems  which  will  come  with  peace  will 
be  the  readjustment  of  these  establishments  to  pre-war  con- 
ditions. The  Government  and  all  concerned  will  do  well  to 
give  the  methods  to  be  adopted  their  most  earnest  considera- 
tion. The  men,  as  they  become  released  from  military  duties 
and  who  so  desire,  must  be  reinstated  in  their  former  occu- 
pations. At  the  same  time  there  will  be  a  number  who  will 
not  return  to  the  trade  ;  apart  from  casualties  there  will  be 
some  who  will  no  longer  desire  to  return  to  their  former  trade, 
and  some  others  will  remain  in  the  army  for  the  time  being  : 
and  so  we  shall  be  depleted  of  a  number  of  skilled  workers. 

That  there  will  be  a  demand  upon  our  industries  with  the 
cessation  of  war  there  can  be  little  doubt.  The  making  up 
of  leeway  in  civil  requirements,  the  work  of  reparation  and 
renewals  until  devastation  has  been  obliterated,  will  still 
tax  our  energies  to  an  extent  little,  if  any,  less  than  we  are 
experiencing  in  the  call  for  war  material.  There  can  be  little 
doubt  of  tlie  labour  capacity  of  this  country  for  meeting  tliat 
demand,  providing  it  is  organised  on  tlie  best  lines  for 
economical  production.  For  what  do  we  see ― our  industries 
depleted  of  thousands  of  skilled  workers  serving  their  country 
in  the  field,  and  yet,  under  the  stimulus  of  national  deter- 
mination, our  works  and  factories  continue  to  produce  not 
only  munitions  of  war,  but  manufactured  material  for  ex])ort 
and  home  consumption.  During  the  war  we  have  become 
inured  to  rapidity  and  efficiency  as  the  essential  factors  of  our 
existence. 

Tlie  sudden  change  over  of  our  mamiftu'tiu'ing  resources  to 
civil  work  will  be  a  task  of  coiisiderable  magnitude.  A  great 
quantity  of  additional  macliinery  and  new  works  wliicli  have 
been  forced  into  existence  by  the  war  will  be  available,  and 
can,  110  doubt,  be  largely  utilised  for  civil  work.  Owing  to  tlie 
high-pressure  conditions  and  the  little  opportunity  to  make 
good  wear  and  tear  of  the  past  two  years,  considerable  repairs 
will  be  necessary,  so  that  a  very  liberal  allowance  for  deprecia- 
tion is  imperative,  not  only  to  put  our  niachiiiery  in  order  but 
to  cover  the  cost  of  the  unduly  large  number  of  machines  wliidi 
will  have  reached  the  stage  beyond  repair. 

A  large  portion  of  this  additional  macliinery  had  to  be 
imported,  our  capacity  not  being  able  to  meet  the  demand. 
The  unprepared  state  in  which  the  outbreak  of  hostilities 
found  us  should  be  an  incentive  to  make  a  very  large  increase 
in  our  productive  capacity  ；  it  is  necessary  for  our  national 
safety,  and  for  the  increase  of  our  country's  revenue.  And  it 
will  be  wise  to  assume  that  to  maintain  and  increase  our 
position  in  the  neutral  and  allied  markets  we  must  supply 
goods  at  least  as  good  and  cheap  as  any  of  our  competitors  ； 

*  PreKidenfci al  addrcsH  doUvoi'cd  before  tlio  Rlaiicliostur  Association  of  】':ii^U- 
neers,  October  14th,  191(5. 


lor  tliis  (>l)jert,  specialisation  is  esHential.  Tlie  Govenirneiit 
would  be  well  ad  vised  when  adjusting  war  taxation  to  see  tliat 
our  industries  are  not  impoverished,  for  without  ineauH  no 
jM'ot^ress  can  be  made. 

Our  depeiuleiice  on  foreign  foii  nt-t  ics  Foi-  som(，  osscMii  ials  if) 
our  imiustries  lias  Immglit  iisel f  forcibly  U)  our  noiice  since 
tiio  stoppage  ol,  supplies  from  ( 'oniial  Europe.  I  ii  11  le  iiianii- 
i'acture,  for  instance,  of  dyes,  opt  iral  and  clieniical  glass, 
porcelain  aiiicles  of  trade,  and  magnetos,  our  {'ovei^n 
cotnpclitors  liad  practically  ('aptured  the  world's  trade. 
But  with  regard  to  the  manufacture  of  magnetos,  we  have  now 
establislied  this  industry  with  success,  and,  having  overcome 
considerable  difTiculties,  particularly  in  manufacturing  the 
vulcanite  insulators,  we  are  now  turning  out  magnetos  in 
thousands.  This  is  an  excellent  example  of  the  efficacy  of 
standardisation  and  quantity  output,  wliich  ])rinci|)les  we 
shall  have  to  greatly  extend  in  order  to  hold  our  own  in  the 
future.  The  importance  of  these  principles  is  further 
particularly  well  illustrated  in  the  motor-car  trade.  Our 
manufacturers  should  seriously  consider  their  application  by- 
Am  erica  n  competitors,  where  the  maker  lias  decided  on 
a  standard  design,  and  inaiuifactures  in  large  quantities,  two 
essentials  to  good  quality  and  low  costs.  To  attain  this  he 
employs  the  most  modem  automatic  machinery,  wherever 
possible,  and  is  not  handicapped  by  restriction  of  output  or 
customers'  fads,  the  manufacturer  leading  the  buyer  instead 
of  the  buyer  leading  tlie  manufacturer,  as  too  often  Iiappens 
in  this  country.  Now,  what  is  true  about  motor-cars  is  equally 
true  about  many  articles  of  foreign  make. 

Why  have  we  allowed  ourselves  to  become  so  dependent  ？ 
Tlie  position  lias  long  been  revealed  in  our  import  trade 
returns —— a  source  of  useful  and  vital  information  we  are  very 
apt  to  overlook  and  neglect.  There  is  no  suggestion  tliat  we  are 
wanting  in  scientific  skill  or  manufacturing  ability,  but  we 
want  better  organisation  and  more  determination  to  overcome 
inertia,  and  to  infuse  more  and  more  enthusiasm  into  all  our 
industries,  as  no  amount  of  legislation  will  help  us  without 
individual  and  collective  effort. 

The  Goveniment  Department  dealing  with  trade  matters 
does  not  appear  to  meet  modern  industrial  requirements ; 
having  widely  divergent  duties  it  is  not  able  to  give  that 
assistance  to  industry  wliicli  is  desirable.  The  importance  of 
this  matter  is  such  that  it  seems  necessary  that  there  should 
be  establislied  a  Ministry  of  Industry  and  Commerce  ；  such 
an  organisation  should,  amongst  other  activities,  collect  from 
？ ill  improved  Consular  service,  or  from  other  responsible  agents 
abroad,  full  information  regarding  trade  possibilities,  and 
issue  reports  promptly  to  the  industries  specially  concerned. 

Capital. —— In  the  immediate  future,  more  adverse  conditions 
may  be  anticipated  with  regard  to  the  capitalisation  of  indus- 
trial undertakings.  But  this  question  is  one  that  is  now 
receiving  tlie  attention  of  the  Government  and  of  financial 
experts.  It  is  well  to  I'emeniber  tliat  German  industry  has 
been  assisted  by  their  Goveriunent,  and  it  is  even  stated  that 
those  German  industries  wliidi  are  not  engaged  on  war  work 
are  being  given  financial  liel[)  in  order  to  tnanufacture  goocls 
to  be  ready  for  markets  on  the  conclusion  of  hostilities. 
Furtlior,  Geniian  l)aiil\s  have  given  greater  assistance  and 
latitude  to  tJioir  clients  tlian  is  usual  here,  and  their  State 
railways  afford  special  transport  facilities  with  a  view  of  assist— 
iiig  their  foreign  trade. 

Lahonr. 一 Amongst  the  important  problems  tl"''l  w  ill  arise 
after  tlie  war,  there  will  be  the  questions  of  rt'sl  rictiou  of 
output  and  the  dilution  of  labour,  which  even  now  are  deserv- 
ing of  serious  consideration.  It  is  well  known  that  for  the 
purposes  of  the  war,  trade  unions  have  agreed  with  the  Govern- 
ment to  withdraw  their  rules  bearing  upon  these  vital  ques- 
tions on  the  understanding  that  they  will  be  reinstated  on 
tlie  return  of  peace  conditions.  As  a  set-off  to  these  condi- 
tions, it  is  well  known  tliat  the  employers  are  called  upou  to 
make  considerable  sacrifices  in  the  way  of  handing  over  to 
tho  Goveriunent  any  extra  profits  above  a  certain  limit  which 
may  be  earned  through  their  extra  endeavours  and  running 
their  works,  in  many  oases,  continuously. . 

If  la])oiir  insists  that  these  rules  sliall  be  restored  the 
Govennneiit  will  have  to  comply  ；  this  is  the  j) resent  agree- 
ment, which  cannot  be  departed  from  without  the  consent  of 
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organised  labour.  Whether  it  will  be  to  their  ultimate 
interest  to  insist  on  this  restoration  is  a  very  important  matter 
for  their  consideration,  and  both  employer  and  labour  must 
realise  that  the  conditions  of  industry  will  be  changed,  and 
both  will  have  to  meet  the  situation  in  a  new  spirit.  Labour 
will  do  well  to  consider  whether,  after  all,  its  own  interests 
and  the  interests  of  the  nation  have  been  served  well  in  the 
past,  or  will  be  in  the  future,  by  their  late  policy. 

Why  did  the  Government  press  for  the  suspension  of  these 
rules  ？  Because  it  was  well  known  that  they  were  a  means 
of  restricting  output,  not  only  in  ordinary  times,  but  at  a 
critical  time  wiien  our  forces  demanded  a  maximum  supply 
of  munitions.  It  is  obvious  that  a  nation  does  not  prosper 
by  curtailing  its  output  of  things  necessary  for  tlie  welfare  of 
mankind.  For  if  our  competitors  produce  the  same  things  at 
less  cost  per  head  the  trade  will  go  to  them.  Our  future 
success  will  depend  on  getting  the  utmost  production  out  of 
our  industrial  equipment. 

It  may  be  argued  that  this  position  is  taken  up  by  labour 
in  order  to  secure  employment  for  a  maximum  number,  and 
so,  bv  getting  all  the  labour  of  the  particular  class  absorbed, 
strengUieii  their  position ;  possibly  some  few  advocates  of 
the  policy  are  prompted  by  mistaken  socialistic  ideas,  and 
wisu  to  fix  a  standard  easily  attainable  by  the  most  incom- 
petent of  their  associates,  and  so  secure  equality  of  wages 
and  equal  security  of  employment.  If  such  be  the  reasons, 
surely  it  is  a  bad  economic  policy.  Another  reason  put 
forward  is  that  if  a  worker  increases  his  efforts  employers 
would  reduce  piecework  prices :  this,  whatever  may  have 
been  in  the  past,  cannot  now  be  accepted  since  the  practice 
exists  when  there  is  no  piecework. 

The  sooner  the  workshop  remark  about  "  spoiling  a  good 
job  ，，  is  a  thing  of  the  past  the  better  it  will  be  for  all 
concerned.  Tlie  idea  of  there  only  being  a  certain  amount  of 
work  to  do,  and  the  less  any  individual  does  the  more  there 
will  be  for  others,  is  economically  bad,  and  to  follow  it  up  is 
to  traverse  the  high  road  to  unemployment ;  the  reasons  for 
this  are  obvious,  and  require  no  explanation.  I  do  not 
suggest  that  anv  sweating  system  should  be  advocated,  but  a 
reasonable  amount  of  work  in  a  given  time  and  no  deliberate 
retardation  of  output.  The  skilled  workman  has  been  in 
receipt  of  higli  wages  during  the  war,  and  will  probably  not 
be  content  to  revert  to  pre-war  conditions. 

On  the  other  hand,  he  still  has  it  at  the  back  of  his  mind 
that  if  he  uses  his  best  endeavours  and  thereby  gets  greater 
output,  he  is  in  fear  of  getting  into  disgrace  with  his  union 
and  some  of  his  fellow-workers.  I  do  submit  that  this 
pernicious  practice  of  restriction  is  one  of  the  most  severe 
liandicaps  we  have  on  our  industries,  and  it  is  absolutely 
necessary  that  it  should  be  cleared  away,  once  and  for  all,  if 
we  are  going  to  win  the  after-war  of  commerce  and  industry. 

The  great  amount  of  capital  outlay  expended  in  equipping 
an  engineering  works  forms  an  important  proportion  of  the 
standing  charges  :  therefore,  tlie  obvious  policy  is  to  obtain 
the  maximum  output  per  machine  even  to  the  extent  of  keep- 
ing the  more  important  ones  running  night  and  day,  and  to 
encourage  tlie  workers'  endeavours.  A  scheme  of  rewarding 
individual  effort  is  advisable. 

Recently  we  have  heard  much  of  the  capture  of  enemy 
trade.  This,  again,  is  a  question  of  output  rather  than  of 
total  employment,  for  in  normal  times  we  liave  only  about 
4  per  cent,  of  unemployed,  and  if  employment  be  found  for 
these  it  cannot  be  expected  that  we  shall  be  able  to  accomplish 
anything  but  a  small  fraction  of  the  extra  trade  contemplated, 
unless  an  understanding  is  come  to  between  employer  and 
labour  to  ensure  greater  individual  output,  and  it  will  be  to 
the  interest  of  the  employer  to  discard  out-of-date  machinery 
and  replace  with  modern  :  more  especially  is  this  advisable 
with  high  wage  rates. 

iJiJiitioii  of  lAihour. —— The  luiskilled  male  labour  which 
has  become  semi-skilled  should, 丄 submit,  be  made  the  best 
possible  use  of  in  tlie  national  interest.  Frequently  in  the 
past  obstacles  have  been  put  in  the  way  of  unskilled  men 
rising  by  ability  and  industry  to  semi-skilled  or  even  skilled 
workers.  This  seems  to  be  hard  and  unfair  treatment  of  the 
individuals  in  question,  and  in  the  national  interest  advance- 
ment should  be  encouraged.  It  must  be  remembered  in  this 
connection  that  there  are  many  operations  in  an  engineering 


works  that  do  not  call  for  a  long  apprenticeship,  and  thereon 
such  men  could  be  most  satisfactorily  employed  without 
detracting  from,  but  rather  improving,  die  status  of  regularly 
trained  skilled  men,  who  might  be  employed  on  more  important 
work.  The  gradual  change  from  making  an  article  to  manu- 
facturing it  on  a  large  scale  demands  an  alteration  in  the 
direction  indicated.  Surely  it  is  not  good  economy  to  employ 
fully-skilled  men  on  work  which  can  be  equally  well  done  by 
semi-skilled  men  or  women. 

The  war  has  taught  us  much,  and  it  is  to  be  hoped  that 
the  knowledge  gained  will  be  fully  utilised  in  the  future,  and 
it  benoves  both  employers  and  em])loyes  to  consider  the 
questions  in  a  broad,  conciliatory,  and  national  spirit,  and  be 
ready  to  apply  all  their  technical  skill  and  practical  wisdom 
to  reach  a  satisfactory  conclusion  in  order  to  further  maintain 
our  industrial  prosperity.  Further,  we  may  assume  that 
the  future  will  bring  very  keen  competition,  which  will  neces- 
sitate, as  far  as  possible,  the  extended  use  of  modern  tools 
and  the  most  economical  means  of  working  them.  Tlie  re 
will  no  longer  be  room  for  antiquated  methods  and  obsolete 
machinery. 

The  important  part  women  have  taken  in  helping  to  carry 
out  extra  and  u n usual  work  which  the  war  has  brought  about 
is  an  important  industrial  factor.  They  have  adapted  them- 
selves to  the  novel  conditions,  and  have  proved  themselves 
capable  of  keeping  pace  with  male  labour  on  repetition  work, 
even  to  the  extent  in  some  cases  of  giving  better  results.  I 
particularly  refer  to  output  rather  than  to  production  costs. 
Not  only  have  thev  shown  themselves  capable  of  success  in 
engineering  works,  but  they  have  taken  the  places  of  other 
male  labour.  Will  these  women  be  willing  to  revert  to  their 
former  employment  after  qualifying  themselves  in  doing  work 
for  which  they  have  received  comparatively  high  pay  ？  No 
doubt  there  are  a  number  who  are  working  from  purely 
patriotic  motives,  and  who  will  resume  their  former  occupa- 
tions, but  there  are  others  who  will  have  a  strong  desire  to 
continue  working  in  the  mechanical  trades. 

The  attraction  of  skilled  women  workers  from  other  trades 
to  munition  work  is  an  aspect  of  the  position  which  should 
cause  serious  consideration,  for  on  the  return  to  normal  times 
there  will  be  a  call  for  them  to  resume  their  former  occu- 
pations. The  number  of  women  workers  in  July,  1914,  in  the 
United  Kingdom  was  5,020,000  :  in  April,  1916，  the  number 
had  risen  to  5,490,000,  an  increase  of  470,000  ；  this  is  about 
five  times  the  normal  increase.  No  doubt  this  is  due  to 
the  agreement  of  the  trade  unions  to  the  dilution  of  labour, 
and  to  a  patriotic  desire  to  help  in  the  production  of  war 
material.  Only  in  rare  cases  are  women  doing  the  work  of 
skilled  men  :  in  general,  they  are  employed  on  work  of  a 
repetition  nature,  but  the  skill  which  they  have  displayed 
affords  reason  to  believe  that  they  could  be  qualified  for  more 
responsible  work  by  a  proper  system  of  more  prolonged 
training.  Whether  the  retention  of  women  and  semi-skilled 
male  workers  in  the  mechanical  trades  will  continue  after  the 
war  to  a  modified  extent  will  depend  upon  the  attitude  of  the 
trade  unions  on  the  matter  of  dilution  of  labour. 

RenniKerftfion . —— Labour  should  have  adequate  recompense 
for  services  rendered,  but  should  not  expect  more.  To  arrive 
at  this,  full  consideration  must  be  given  to  prevailing  economic 
and  trade  conditions,  and  we  must  recognise  that  the  cost  of 
production  must  come  within  the  limits  of  competition,  bear- 
ing in  mind  that  lasting  benefits  are  not  obtained  by  merely 
ail  increase  of  wages,  but  by  developing  the  world's  resources 
and  making  them  available  to  mankind.  The  value  of  ser- 
vices rendered  should  not  be  measured  by  the  time  made,  but 
by  the  work  done.  Good  wages  is  a  forward  policy  :  it  attracts 
tlie  best  labour  and  retains  it,  and,  generally  speaking,  ensures 
tlie  most  economical  production.  , 

Wao^e  rates  in  the  present  abnormal  conditions  are  high, 
and  are  not  economically  sound,  since  the  nation's  expenditure 
is  greater  than  its  income,  and  its  resources  are  not  being 
developed  to  give  a  corresponding  increase  in  the  purchasing 
power  of  the  recipient  of  these  increased  wages.  These 
present  rates  have  been  termed  war  rates,  indicating  they 
may  rule  until  the  cessation  of  hostilities,  when  a  re- 
adjustment may  have  to  take  place.  This,  we  sincerely 
trust,  will  not  be  a  source  of  friction,  particularly  at  a  time 
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when  there  will  be  tlio  greatest  need  for  industrial  peace, 
and  vvlieti  it  would  be  national  lolly  to  resort  to  strikes  or  to 
any  intorferoiu'e  with  national  industrial  activity.  Tn  dealing 
with  the  question  of  wages  it  is  fundamental  that  confidence 
should  exist  between  the  employer  and  employed,  based  on 
ooinnionseuse,  frankness,  and  a  disposition  to  give  and  take. 

Co/iditto/is  of  Kmploi/mcnt. ― With  regard  to  tlie  present 
conditions  of  employment  in  our  engineering  works,  they  are 
not  wholly  satisfactory.  There  is  (a  lack  of  proper  under- 
standing of  what  may  or  may  not  be  done  in  reference  to 
works  inaiuii^einent  ；  alterations  may  be  made  with  good 
intent,  whii'h  may  cause  the  workers  to  feel  aggrieved,  and 
ultimately  bring  about  discontent  and  trouble.  These  con- 
ditions will  probably  be  more  marked  when  we  resume  civil 
work,  owing  to  the  experience  gained  during  this  war  period 
on  quantity  production. 

The  following  are  some  of  the  questions  which  call  for 
solution :  (1)  To  consider  and  come  to  a  general  understand- 
ing in  reference  to  apprentices  in  all  the  various  branches  of 
the  engineering  trades.  I  feel  that  we  do  not  pay  sufficient 
attention  to  the  matter  of  encouragement  and  training  of  our 
apprentices,  who  are  the  individuals  on  whom  we  depeticl  to 
carry  on  our  industries  in  the  future,  and  it  is  the  duty  of  all 
to  help  tliem  forward  as  much  as  possible,  both  in  their  general 
and  technical  education  as  well  as  in  their  workshop  prac- 
tice. (2)  To  consider  tlie  matter  of  making  the  best  use  of 
adult  and  other  labour  which  has  become  trained  in  mechani- 
cal operations  during  the  war,  and  the  advisability  of  intro- 
ducing such  adult  labour  as  in  the  opinion  of  the  management 
might  be  trained  to  be  useful  operators  in  an  engineering 
works,  and  to  arrange  for  the  grading  and  progression  of  these 
workers.  (3)  To  make  arrangements  for  rewarding  individual 
effort.  At  present  some  works  and  foundries  are  allowed  such 
systems  whilst  others  are  not. 

Would  it  not  be  practicable  to  have  a  Central  Engineering 
Board  composed  of  representatives  of  employers  and  labour, 
whose  business  it  would  be  to  arrange  rules  and  regulations 
to  govern  employment  to  suit  modern  conditions  ？  This  propo- 
sition is  deserving  and  calls  for  prompt  attention.  I  feel  sure 
such  an  arrangement  would  be  the  means  of  preventing  mis- 
understandings, and  would  tend  to  ensure  continuity  of  work. 
Such  a  Board  might  also  form  a  final  Court  of  Appeal  for 
the  settlement  of  disputes  relating  to  labour  and  wages.  It 
should  comprehend  thoroughly  competent  industrial  and 
labour  leaders  who  are  constantly  iu  touch  with  the  economic 
and  trade  conditions  of  the  day.  In  the  event  of  such  a 
Board  being  formed,  having  the  confidence  of  the  employer 
and  labour,  many  disputes  might  be  settled  without  resorting 
to  stoppage  of  work. 

I  would  like  it  to  be  distinctly  understood  tliat  my  object 
in  making  tlie  foregoing  proposals  is  in  no  way  to  detract  from 
or  interfere  with  the  present  engineering  organisations,  whicli 
I  know  are  doing  good  work,  but  rather  to  supplement  tlieni 
in  dealing  with  the  more  general  and  wider  issues  of  engineer- 
ing labour  questions.  I  am  also  aware  tliat  an  Industrial 
Council  was  arranged  by  the  Government  in  1911，  but  I  have 
not  yet  heard  of  its  services  being  utilised.  This  Council 
consists  of  representatives  of  employers  and  labour  in  equal 
numbers,  and  its  business  is  to  deal  with  industrial  disputes 
which  adversely  affected  the  general  public.  Such  a  Council, 
having  to  deal  with  various  trades,  could  not  adequately  fulfil 
the  above  suggestion.  The  engineering  industry  is  so  extensive 
as  to  warrant  the  formation  of  a  special  Board  to  deal  with 
its  own  affairs. 

Education. ― I  do  not  intend  taking  up  much  of  your  time 
in  this  important  subject,  as  it  lias  already  had  the  strenuous 
attention  of  your  Council,  and  I  believe  they  have  made 
out  very  practical  and  satisfactory  proposals.  I  believe  our 
system  of  education  would  be  improved  if  these  existing  con- 
ditions were  modified.  It  may  be  argued  tliat  we  got  on  and 
made  good  progress  in  the  past  without  such  facilities,  as  we 
even  now  have;  this  may  be  true,  but  our  early  pioneers 
accomplished  their  achievements  by  strict  perseverance,  fre- 
quently educating  tliemselves  at  very  great  effort  considering 
the  opportunities  existing.  During  the  early  stages  of  our 
industries  when  England  was  practically  the  workshop  of  the 
world,  we  secured  a  firm  hold  of  the  world's  markets,  but  we 
are  now  faced  with  strenuous  competitors  who  have  developed 


tlioir  national  (、（lmati(n】  and  made  tlieiiisol vos  fully  ；"' (|iiaiiit*、（l 
wit  li  t  lio  i^oiieral  pririciplos  and  details  of  the  work  they  have 
in  hand,  it  must  also  1)0  remembered  that  our  work  is  daily 
becoming  more  com  plicated,  and  calls  for  hi"'li(，r  and  lii^lier 
technical  ability. 

Tt  is  true  that  itiany  kinds  of  work  can  be  done  ellicieiiily 
by  uneducated  men,  and  it  may  be  said  that  higher  education 
is  only  of  direct  use  to  those  filling  higher  positions.  This 
may  be  true  as  far  as  it  goes,  but  that  is  only  a  little  way  ； 
economically  it  is  wrong,  as  education  confers  both  dii'ect 
and  indirect  benefits  by  developing  mental  activity  and 
intelligence,  and  is  a  means  of  ever  increasing  the  number  of 
individuals  suitable  for  advancement.  In  considering  our 
present  system  of  education,  does  it  lend  itself  to  our  require- 
ments iu  the  very  best  way,  does  its  various  grades  lead 
directly  up  to  the  next,  and  so  form  a  proper  linking  up  of 
each  grade  in  a  systematically- arranged  manner,  so  as  to  com- 
pare favourably  and  excel  our  foreign  competitors  ？  This 
subject  should  receive  national  consideration,  and  there  are 
now  indications  that  our  general  system  of  education  will 
have  the  attention  of  the  Government  in  the  near  future,  when, 
no  doubt,  many  improvements  will  be  made. 

Education  is  not  a  private  or  local  business,  but  is  by  its 
nature  a  national  one  ；  efficiency  and  economy  can  only  be 
secured  by  systematic  national  organisation.  Recently  I 
have  given  some  attention  to  this  subject,  and  am  convinced 
that  the  administration  of  our  educational  institutions  from 
a  central  source  would  secure  better  use  being  made  of  our 
present  facilities  for  higher  education,  would  prevent  over- 
lapping and  want  of  co-ordination,  and  would  also  result  in 
more  provision  being  made  to  meet  the  national  need. 

The  continental  systems  of  education  are  examples  of  good 
organisation,  but  modifications  would  have  to  be  made  in  any 
of  these  schemes  in  order  to  meet  our  requirements,  and 
it  is  important  that  technical  and  commercial  experts  should 
advise  in  all  matters  relating  to  higher  and  technical  educa- 
tion in  order  to  secure  the  preparation  of  suitable  men  for 
our  industries.  It  is  desirable  that  the  minimum  age .  for 
leaving  school  should  be  raised  so  as  to  give  sufficient  time  for 
all  to  acquire  a  knowledge  of  natural  science,  from  which  the 
study  of  applied  science  and  technology  could  be  more  effi- 
ciently taken  up,  and  if  encouraged  by  scholarships  and 
bursaries,  coupled  with  the  co-operation  of  employers,  we 
should  be  assured  of  the  most  suitable  students  being  prepared 
to  meet  the  needs  of  science  and  industry. 

One  of  the  most  important  requirements  for  our  national 
welfare  with  which  education  is  closely  allied  is  research,  and 
it  is  important  that  this  should  not  only  be  carried  on  for  its 
own  sake,  but  in  conjunction  with  our  industries  in  order  to 
overcome  difficulties  that  arise  and  to  secure  progress.  The 
chemical  industry  lias  fully  realised  the  great  advantage  of 
research  work,  and  the  success  achieved  on  the  Continent  in 
this  direction  is  no  doubt  largely  due  to  the  attention  given 
to  scientific  education  and  tlie  recognition  of  its  fundamental 
importance  by  tlie  captains  of  industry.  Research  is  as 
essential  to  engineering  as  to  the  chemical  or  any  other  indus- 
try in  order  to  secure  progress. 

1  believe  at  the  j)resent  time  there  is  no  occasion  to  go  out 
of  this  country  to  obtain  the  highest  class  of  machinery,  bat 
to  ensure  future  progress  further  improvements  must  be 
made.  There  is  no  finality,  and  research  is  the  only  channel 
by  which  we  can  accomplish  tliis,  and  scientific  education, 
coupled  with  experience,  are  the  only  means  to  help  us  in  the 
process.  In  conclusion,  I  respectfully  submit  we  shall  come 
through  this  war  a  better  disciplined  people,  and  will  certainly 
have  learned  iu  the  past  we  had  not  reached  the  zeuith  of  our 
productive  capacity. 

United  States  Pig-iron  Production.  ―  According  to  the 
American  Iron  and  Steel  Institute,  the  United  States 
produced  during  the  first  six  months  of  this  year  19,347,935 
tons  of  coke  pig  iron,  as  compared  with  17,473,500  tons  in 
the  second  half  of  1915.  Including  charcoal  pig  iron,  anthra- 
cite, and  mixed  anthracite,  and  coke  】:)ig  iron,  the  total  produc- 
tion of  pig  iron  for  the  first  half  of  1916  amounted  to 
19,610,522  Ions.  Of  this  total  8,830,085  tons  was  basic  pig 
iron,  6,839,177  tons  Bessemer  low-phosphorus  pig,  and 
3,086,410  tons  foundry  pig. 
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WALKER  S  TWO-CYCLE  OIL  ENGINE. 

We  illustrate  herewith  a  design  ot"  oil  engine  working  on  the 
two-stroke  cycle,  the  joint  invention  of  Mr.  J.  R.  Walker 
and  Mr.  A.  E.  Walker,  Oldburv  Works,  Tewkesbury,  in 
which  simple  means  are  provided  for  heating  and  vaporising 
the  petroleum  and  for  mixing  the  hot  vapour  with  the  air 
to  form  the  charge  and  also  for  automatically  regulating  and 
controlling  the  supply  of  the  petroleum  to  the  cylinder  so  as 
to  maintain  the  engine  at  a  constant  speed  under  varying 
loads. 

Referring  to  the  illustrations,  there  is  provided  in  the 
passage  C  leading  from  the  crank  case  to  the  gaseous  mixture 
inlet  A  to  the  cylinder  an  oil-heating  member  consisting  of  a 
hollow  pipe  D  made  to  dip  down  through  the  opening  E  into 
the  passage  C，，  this  pipe  having  at  one  end  an  inlet  F  con- 
nected by  a  pipe  to  the  exhaust  outlet  B,  the  heating  member 
having  an  outlet  V  opposite  to  its  inlet  so  that  some  of  the 
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exhaust  gases  will  flow  into  the  heating  member  thereby 
heating  the  pipe  D.  The  oil -feed  attachment  is  bolted  on  to 
the  top  of  the  cylinder,  and  is  formed  with  a  hollow  portion 
G  immediately  above  the  top  of  the  pipe  D,  so  that  this 
cavity  G  and  the  opening  E  and  back  portion  of  the  passage 
C  together  form  an  enclosed  vaporising  chamber,  the  oil 
being  vaporised  by  being  sprayed  or  dripped  on  to  the  top 
surface  of  the  hot  pipe  D.  Passing  round  the  lower  portion 
of  this  pipe  is  a  piece  of  wire  gauze  so  arranged  that  the 
vaporised  oil  will  have  to  pass  through  the  gauze  which,  being 
heated  by  being  fixed  to  the  pipe  D，  forms  an  increased  heat- 
ing surface  for  the  vapour. 

The  oil  inlet  H  is  connected  by  a  pipe  to  any  suitable  oil 
supply  so  that  the  oil  flows  or  is  forced  into  the  chamber  J， 
and  in  the  lower  part  of  this  there  is  a  vertical  passage  K 
leading  to  the  lower  chamber  G，  and  in  this  vertical  passage 
is  fitted  the  circular  stern  of  a  valve  L.  which  latter  when 
closed  down  on  to  its  seating  closes  the  oil  supply.  The  valve 
stem  is  made  with  a  central  passage  M  which  at  its  top  end 
has  a  lateral  inlet  and  at  its  lower  end  is  fitted  with  a  drip 
or  spray  nozzle  N  through  which  the  oil  passes  on  to  the  top 
W  of  the  heating  mem  her.  The  spindle  of  the  valve  L  is 
continued  upwardly  through  the  gland  shown,  and  against 
the  bottom  cf  this  gland  bears  a  collar  O  formed  on  the 
spindle.  The  spin  die  passes  up  through  a  stuffing  box  and  is 
maintained  raised  by  means  of  a  coiled  spring.  Adapted  to 
bear  on  the  top  of  the  valve  spindle  there  is  a  short  arm  P 
of  a  bell  crank  lever  which  is  mounted  to  rock  on  a  fulcrum 
Q  carried  by  a  bracket.  The  longer  arm  R  of  this  bell  crank 
lever  is  at  its  lower  end  connected  to  the  slide  S  of  a 
governor  driven  from  the  engine  craiiksbaft. 

The  spindle  of  the  valve  L  is  maintained  in  its  raised 
position  bv  the  spring  shown,  the  adjustment  being  such  that 
the  inlet  into  tlie  passage  M  of  the  valve  spindle  is  open  to 
the  right  amount  to  pass  the  proper  quantity  of  oil  to  main- 


tain the  engine  at  its  normal  speed  with  the  required  load. 
If  this  speed  should  be  exceeded  the  governor  draws  the  slide 
S  towards  the  right  hand  in  Fig.  2，  thereby  moving  the  bell 
crank  lever  and  causing  the  end  of  the  shorter  arm  P  to  bear 
upon  the  top  of  the  \^alve  spindle  and  to  depress  the  same  so 
as  to  partially  close  the  inlet  into  the  passage  M  and  diminish, 
or  by  the  valve  L  closing  on  to  its  seating  to  shut  off  the  oil 
supply  and  thereby  reduce  the  speed  of  the  engine  to  the 
normal.  Thus  the  supply  of  oil  is  automatically  regulated  to 
the  load  and  the  engine  maintained  at  a  constant  speed. 

Just  before  the  piston  arrives  at  the  end  of  its  forward 
stroke  so  as  to  open  the  inlet  A  and  the  exhaust  passage  B, 
the  hot  compressed  air  from  the  craiik  case  passing  along  the 
passage  C  carries  with  it  into  the  cylinder  some  of  the  hot  oil 
vapour  formed  by  the  oil  which  by  the  suction  of  the  piston 
oil  its  back  stroke  lias  been  sucked  in  from  the  nozzle  N  and 
dripped  or  sprayed  therefrom  on  to  the  top  W  of  the  heating 
member  D,    thereby    forming-  the   proper   gaseous  mixture 

which  passes  through  the  inlet 
passage  A  into  the  cylinder  and 
by  the  deflector  T  on  the  piston 
is  deflected  towards  the  back  of 
the  cylinder  so  as  to  drive  out 
through  the  exhaust  B  as  is  usual 
the  remainder  of  the  products  of 
combustion  of  the  previous 
charge.  The  new  charge  is  com- 
pressed in  the  cylinder  on  the 
back  stroke  of  the  piston  and  fired 
at  the  proper  time  at  the  com- 
mencement of  the  next  forward 
stroke  in  the  well-known  manner. 
The  engine  is  started  with  petrol 
or  benzine  until  it  is  heated 
enough  to  vaporise  the  petroleum. 
The  petrol  is  sprayed  through  a 
jet  U  into  the  chamber  G  and  is 
regulated  by  a  tap.  On  starting 
the  engine  the  valve  L  is  closed, 
which  shuts  off  the  petroleum 
supply  and  the  engine  is  then 
worked  with  petrol  until  it  has 
got  sufficiently  hot  for  the  heat- 
ing member  D  to  volatilise  the 
petroleum,  when  the  petrol  supply  is  shut  off  and  the  petro- 
leum supply  started  by  opening  the  supply  valve  L. 


POPULAR  SCIENCE  LECTURES.* 

At  the  meeting  of  the  Council  in  June,  1916，  representations 
were  made  by  the  Organising  Committee  of  Section  L  (Educa- 
tional Science)  that  much  less  attention  is  given  to  popular 
lecturing  now  than  was  formerly  the  case,  and  it  was  suggested 
ill  at  efforts  should  be  made  to  promote  increased  public 
interest  in  science  by  means  of  such  lectures.  The  Council, 
therefore,  appointed  a  Committee  representative  of  all  the 
sections  of  the  Association  to  institute  enquiries  into  this 
subject  and  prepare  a  report  upon  it.  Many  local  scientific 
societies,  universities,  university  colleges,  and  similar  institu- 
tions have  organised  popular  science  lectures,  and  the  Com- 
mittee lias  endeavoured  to  secure  the  results  of  the  experience 
obtained,  with  the  object  of  discovering  the  elements  of  success 
or  failure.  A  schedule  of  12  questions  was  drawn  up  and 
was  widely  distributed.  To  prevent  misunderstanding,  it  was 
pointed  out  in  an  explanatory  letter  that  the  Committee 
was  concerned  only  with  single  pioneer  lectures  for  tlie  general 
public,  and  not  with  students'  courses,  such  as  are  arranged 
by  University  Extension  authorities,  the  Workers'  Educa- 
tional Association,  and  other  organisations. 

In  most  cases  local  scientific  societies  arrange  for  the  deli- 
very of  occasional  popular  lectures  each  session.  These  lectures 
however,  are  not  usually  intended  for  the  general  public, 
but  for  members  of  the  societies  and  any  friends  who  may 
accompany  them.       Lectures  given  in  rooms  of  museums, 

*  British  Association  :  Abstract  of  Report  of  the  Committee,  consisMng  of  the 
in-esident.  nnd  t;en(n-al  officers.  Prof.  H.  E.  Armstrong,  Prof.  W.  A.  Bone,  Sir  Edward 
liral'i'ook,  Piof.  S.  .T,  rhapinan.  Prof.  A.  Dendy.  Prof.  K.  A.  Gregory  (hon.  secre- 
tary-). Prof.  \\  .  D.  Halliburton.  Dr.  H.  S.  Hele-Sliaw,  Prof.  F.  Keeble.  Mr.  G.  W. 
Lamplugh,  and  Dr.  E.  J.  Russell,  appointed  by  the  Council  to  consider  and  report 
on  the  popularisation  of  science  through  rmblic  lectures. 
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public  lU)nu'it、s,  universit  ies,  toclmical  schools,  and  like  insi  i- 
t ut ions,  atleiidetl  by  members  of  scitMit ilic  soi-ielies  and  iUinv 
frieiuls,  huve  usually  aiidieiices  of  about  30  in  nuinl)er,  aiul 
1  lie  litiiil  of  acoonuiiudat ion  does  not  often  exceed  about  200. 
From  t  he  point  of  view  of  local  soieiitilic  societies,  t  he  most 
popular  subjects  are  local  arclut»ology  and  antiquities,  animal 
and  bird  life,  and  other  aspects  of  natural  history.  The  most 
popular  public  lectures  are  those  on  travel  and  adventure  by 
explorers  whose  names  are  widely  known.  Aslrouomy  is  rarely 
mentioned,  but  this  is  probably  because  local  scientific  socie- 
ties are  mostly  concerned  with  natural  history,  and  there  are 
few  good  lecturers  on  astronoiny.  Science  lectures  must  be 
illustrated  by  lantern  slides  or  experiments  if  tliey  are  to 
appeal  to  a  large  public,  and  t  heir  titles  should  arrest  atten- 
tion. The  chief  point,  however,  is  that  lectures  should  deal 
with  recent  discoveries  or  topics  which  have  been  mentioned 
frequently  in  the  daily  newspapers.  The  largest  audiences 
are  usually  attracted,  not  by  descriptive  lectures  on  such 
subjects  as  mimicry,  the  descent  of  man,  prehistoric  animals, 
trade  processes,  and  so  on,  but  by  those  which  are  concerned 
with  questions  of  wide  economic  or  sociological  interest,  such 
as  industrial  research  in  America,  wireless  telegraphy  in 
war,  the  wages  problem,  munitions  of  war,  &c.  One  corre- 
spondent says,  "  Purely  scientific  lectures  do  not  attract 
however  eminent  the  lecturer.  The  most  attractive  lectures 
are  the  least  scientific."  For  lectures  to  local  societies,  with 
audiences  numbering  from  about  30  to  100,  local  lecturers 
" draw  "  as  m iicli  as  visiting  lecturers  of  the  same  standing, 
but  the  visitor  has  to  depend  more  upon  the  subject  and  title 
to  attract  an  audience. 

Few  local  societies  have  sufficient  funds  to  pay  lecturers. 
The  result  is  that  most  scientific  lectures  arranged  by  these 
societies  are  given  free  or  for  out-of-pocket  expenses.  Members 
of  the  staffs  of  colleges  and  other  institutions  also  usually 
give  public  lectures  locally  without  fees.  The  general  fee 
to  professional  lecturers,  with  lantern  slides'  or  experimental 
illustrations,  or  both,  varies  from  three  to  ten  guineas.  As 
lectures  to  members  of  local  scientific  societies  and  their 
friends  are  usually  given  free,  expenses  are  low  and  are  met 
by  the  general  funds  of  the  societies.  Very  few  localities 
have  special  funds  available  for  the  expenses  of  public 
lectures. 

In  answer  to  the  question,  Has  public  interest  in  popular 
science  lectures  increased  or  decreased  in  your  district  during 
the  past  ten  or  20  years  ？  about  one-thircl  of  the  correspondents 
reported  that  interest  has  increased,  another  third  that  it 
has  decreased,  and  the  remaining  third  that  it  has  remained 
stationary  or  no  decided  change  has  been  noticed.  The  whole 
matter  is  admirably  summed  up  by  Mr.  D.  B.  Morris,  town 
clerk,  Stirling,  as  follows  ：  "Comparing  the  position  of 
matters  now  with  that  of  30  years  ago,  the  popular  lecture 
does  not  now  occupy  the  place  in  public  esteem  which  it  did. 
For  this  there  are  various  causes.  With  the  better  type  of 
young  persons,  attendance  at  continuation  classes,  with  their 
organised  schemes  of  study,  takes  the  place  of  attendance  at 
popular  lectures.  To  the  non-studious  the  picture  house  is 
tlie  habitual  place  of  resort.  Many  of  the  films  there  shown 
are  such  as  would  be  exhibited  at  a  popular  science  lecture. 
As  regards  older  people,  some  find  that  life  has  to  be  lived 
more  strenuously  nowadays,  and  rest  or  quiet  recreation  are 
sought  in  the  evening  rather  than  anything  distinctly  intellec- 
tual. The  great  popular  interest  which  used  to  be  taken  in 
natural  history,  arising  out  of  the  '  evolution  '  controversy, 
and  inspired  also  by  the  writings  of  Darwin,  Wallace,  Huxley, 
Lubbock,  Kingsley,  and  others,  has  passed  entirely  away. 
Such  interest  now  centres  in  subjects  like  wireless  telegraphy, 
aviation,  and,  at  present,  all  matters  connected  with  the  war. 
Serious  students  will  always  be  found  to  attend  courses  where 
educational  value  is  to  be  got,  but  popular  lectures  will  not 
succeed  unless  illustrated  by  kinematograph,  lantern,  or 
experiments,  or  by  all  three.  The  element  of  entertainment 
must  be  present,  which  implies  novelty.  Arrangements 
might  be  made  with  local  picture  houses  to  have  a  fortnightly 
or  monthly  scientific  evening,  wliicli  would  take  the  form  of  a 
popular  lecture  with  illustrations.  Tickets,  containing  a 
short  syllabus  of  the  series,  could  be  sold  at  cheap  prices,  a 
local  organisation  assuming  financial  responsibility." 

Many  correspondents  seem  to  think  that  popular  lectures 
are  necessarily  of  the  instructive  kind,  and  intended  to  induce 
people  to  take  up  courses  of  study  at  educational  institutions. 
They  have  little  faith  in  such  a  means  of  increasing  tlie  number 


of  studonis,  and  riglilly  so.  Thv  pm'p 隱 of  public  lectureH 
may  lu;,  however,  not  so  inuch  to  crcat*! 山、 Hir(，  to  study,  as  to 
(Mili^lit-en  t  lie  couiimniily  u|" 川 the  l  elal  ion  of  science  to  indi- 
vidual and  national  lift*.  The  point,  of  view  is  Uiuh  entirely 
(lin'eroiit  (n)in  tliat  of  the  local  educat  ioiuil  inst  i1  ut  ion  or  Uie 
local  scient  ific  society,  hot  li  of  whicli  re^ui'd  popular  ]ec- 
t  lu  es  as  possible  nieaiis  of  securing  new  st  udeiilH  or 
inenibers.  The  position  is  clearly  stated  by  Priitcipal  Garnet 丄， 
School  of  Tetihnology,  ]\iaiu!liester,  in  the  following  reply  :  "  A 
more  general  realisation  by  competent  lecturers  of  the  benefits 
which  popular  lectures  may  confer  upon  the  community,  and 
a  greatsr  readiness  on  the  part  of  universities  and  colleges 
to  spend  money  on  the  j)rovisioa  and  advertisement-  of  such 
lectures.  The  financial  difficulty  would  disappear  if  an 
inspiring  account  of  t  lie  broad  out  lines  of  natural  science 
formed  part  of  the  curriculum  of  every  elementary  and 
secondary  school.  This  '  science  for  all  '  is  to  be  carefully 
distinguished  from  the  science  training  given  to  those  who  are 
to  pursue  further  the  study  of  science  in  some  institution  of 
higher  education  or  are  to  use  it  in  their  daily  work."  Mr. 
R.  J.  Moss,  Royal  Dublin  Society,  says  :  Much  more  atten- 
tion must  be  given  to  science  in  school  education.  It  sliould 
be  made  interesting  and  taught  as  much  as  possible  by  demon- 
stration and  experiment.  工 ii  this  way  the  coming  generation 
may  be  enabled  to  appreciate  science  and  to  take  an  interest  in 
the  progress  of  knowledge.  A  great  deal  of  good  might  be 
done  by  the  creation  of  travelling  lectureships,  to  be  held  for 
a  limited  time  by  men  who  show  an  aptitude  for  the  work." 

It  is  obvious  that  a  lecturer  should  adapt  himself  to  liis 
audience,  and  should  possess  expository  power,  so  as  to  deal 
with  his  subject  in  a  clear  and  interesting  manner,  without, 
degenerating  into  the  style  of  a  public  entertainer.  Prof. 
Herdman  states  the  chief  element  of  success  to  be  :  "A  good 
lecturer  who  can  be  heard,  has  a  definite  story  to  tell,  and  can 
tell  it  in  plain  language."  This  is  also  the  view  of  Principal 
Gariiett,  who  says  :  "  The  chief  elements  of  success  seem  to 
me  to  be  that  the  lecturer  should  be  vividly  conscious  of  the 
closest  relation  that  exists,  or  that  can  be  established,  between 
his  subject  and  the  daily  lives  of  his  audience,  and  that  he 
should  possess  an  expert  knowledge  of  his  subject,  a  power 
of  lucid  exposition,  and  a  pleasant  and  forcible  delivery." 
Even  in  lectures  to  local  scientific  societies  the  subjects  are 
frequently  treated  in  too  advanced  a  manner,  and  are,  there- 
fore, unintelligible  to  many  of  the  audience.  Experience 
shows  that  in  an  ordinary  provincial  town  there  is  usually  a 
small  minority  of  intelligent  persons  who  profit  considerably 
from  popular  or  semi-popular  science  lectures,  but  that  the 
general  community  of  the  district  is  untouched  by  them.  The 
provision  now  made  for  the  study  of  scientific  and  technical 
subjects  accounts,  no  doubt,  for  the  failure  of  popular  lectures 
in  many  districts.  Mr.  C.  F.  Procter  (hon.  secretary,  Hull 
Scientific  and  Field  Naturalists'  Club)  represents  the  views 
of  many  scientific  societies  as  to  the  present  position.  He 
says :  "  Scientific  lectures  can  only  be  made  popular  in  the 
sense  that  you  attract  the  crowd  of  unscientific  with 
a  profusion  of  experiments,  or,  failing  that,  lantern  illustra- 
tions. People  will  flock  to  the  Egyptian  Hall,  and  are  vastly 
entertained  and  educated  a  little  by  an  exhibition  of  what  is 
often  clever  scientific  acrobatics.  Human  nature  loves  to  see 
what  it  cannot  understand,  and  20  years  ago  represents  a 
period  when  the  commonplaces  of  science  were  a  wonderland 
to  the  average  mind.  The  trend  of  education  has  altered 
that,  and  has  sharply  divided  the  same  people  into  a  minority 
of  scientific  enthusiasts  who'  '  ask  for  more,'  and  a  majority 
of  indiffereiits  who  remain  cold  at  a  display  of  the  old  elemen- 
tary stuff.  Education ― and  that  includes  very  largely  tlie 
])oj)ular  science  lectures  of  the  past ― has  created  in  this,  as  in 
all  the  arts,  a  small  aristocracy  of  intellect,  or,  rather,  com- 
paratively small.  These  are  not  satisfied  with  anything  that 
can  possibly  be  popular.  They  are  long  past  that,,  but  will 
feverishly  attend  anything  which  proposes  further  to  explore 
the  deep  water.  The  crowd ― the  man  in  the  street  and  liis 
woirien-kind  —has  had  its  wonder-bump  excised  in  the  school 
laboratory.  Modern  sensationalism  in  amusement  and  the 
plethora  of  scrappy,  yet  ciisp  literature —— which  religiously 
exploits  every  new  thing,  scientific  or  otherwise,  that  may 
entertain— has  calloused  this  excision.  The  application  of  the 
film  pictures  to  microscopy,  &c.，  is  about  the  only  way  to 
popularise  science  lectures,  but -― why  bother  ？  We  cannot  all 
be  men  of  science,  and  the  present  system  provides  that  any 
who  get  the  call  may  answer  it,  whilst  popular  lectures  only 
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attempt  to  entertain  individuals  of  an  age  who  are  already 
l>ast  tile  slightest  of  liope  of  ever  being  useful  scientists.  The 
proper  thing  is  already  lieiag  done  hy  our  schools,  universities, 
and  University  Extension  lecturers  with  our  budding  pro- 
fessors." Many  correspondents  are  of  the  opinion  that  the 
formation  of  a  panel  of  lecturers,  who  would  be  prepared 
to  assist  small  societies  by  lecturing  for  a  small  fee,  would  be 
of  great  assistance. 

There  is  especial  need  at  the  present   time    of  lectures 
showing  the  relation  of  science  to  many  aspects  of  national 
life.       Science   and   scientific   method   mean   progress  and 
efficiency,  and  the  more  this  is  recognised  the  greater  will  be 
tlie  interest  taken  in  the  promotion  of  scientific  study  and 
investigation.      The  majority  of  tlie  ptople  in  these  islands 
regard  science  as  a  thing  apart  from  their  every- day  lives,  and 
even  wlieii  they  admire  devotion  to  it  or  appreciate  the  advan- 
tages given  them  by  scientific  research,  tliey  think  it  is  outside 
the  world  of  practical  affairs,  whether  commercial,  industrial, 
or  administrative.      It  is  tiin?  that  a  systematic  effort  was 
made  to  remove  this  common  impression  and  to  bring  science 
into  close  touch  with  social  and  political  movements.  By 
this  means  alone  can  a  large  body  of  opinion  be  created  in 
support  of  the  claims  of  science  to  an  influential  position  in 
the  State.      The  people  as  a  whole  will  remain  untouched  by 
descriptive  science  lectures,  however   good   the   lecturer  or 
important  the  subject,  but  they  are  ready  to  respond  to  a  call 
for  national  efficiency  associated  with  science  in  the  place  of 
the  shibboleths  of  political  parties  of  the  past.     What  is 
particularly  wanted  to  gain  this  end  is  lectures  by  advocates 
of  science  and  scientific  method,  whether  they  are  themselves 
professional  men  of  science  or  not.      The  lecturers  need  not 
be  original  investigators  or  distinguished  professors,  provided 
that  they  are  good  speakers  and  have  sufficient  knowledge  of 
the  history  of  science  and  industry  to  show  to  an  audience  the 
debt  which  civilisation  owes  to  its  scientific  workers,  whether 
in  the  laboratory,  the  field,  or  the  workshop.      The  time  has 
come  for  the  organisation  of  this  propaganda  work,  and  every 
eucouragenieiit  should  be  given  to  societies  or  men  who  will 
take  part  in  it.      Political  parties  send  lecturers  all  over  the 
country  to  expound  their  principles.      There  should  now  be 
lecturers  who  will  similarly  spread  the  message  of  science  and 
efficiency,  and  secure  support  for  the  men  who  will  promote 
these  factors  in  all  departments  of  State.     As  titles  of  lectures 
having  this  intention,    the    following    may    be    suggested  : 
England's  Neglect  of  Science  and  Some  of  the  Results  " ； 
■  Unscientific  Ministers  and  their  Muddles  "  ；  "Politics  and 
Trade  "  ；     The  Problem  of  Food  "  ；  "  The  Claims  of  Scientific 
Method  "  ；  "  Lost  Industries  and  How  to  Regain  Tliem  " ； 
"  Neglected  Resources  of  the  Empire  "  ；  "  Politics  and  Educa- 
tion ，，  .； " State  Control  by   Amateurs  "  ；    "  Administration 
without  Science "  ；    "  The  Representation    of    Science  and 
Efliciency  in  Parliament    ；  "  Industrial  Organisation  and  its 
Benefits  "  ；   "The  Education  of  our  Masters";  "  Science  in 
National  Affairs";  "What  a  Ministry  of  Commerce  might 
do  for  the  Empire  ，，；  "  The  State  as  a  Co-operative  Society  " ； 
Practical   Education  ，，；    "  National   Waste  and   its  C'onse- 
fjuences  "  ；  '(  The  Alliance  of  Science  and  Industry  "  ；  "  Needs 
ol"  Modern  Life";    "How  to  Increase  Work  and  Wages"; 
" A  New  Policy  of  Progress  ，，  ；  "  The  Promotion  of  Industrial 
Enterprise";  "  National  Economy  in  Fuel";  "Capital  and 
T.abour  "  ；   "  Woi  ksliop  Hustle    and    Fatigue  ，，  ；    "  Healthy 
Jlojnes    ；    "  Nationalisation  of  the  Highways  "  ；  Railways 
as  State  Services." 

It ecornmendai Ion s. ― (1)  Tliat  an  annual  list  of  public  lec- 
turers on  science  subjects  be  prepared  and  published,  with 
titles  of  their  lectures.  (2)  That  committees  organising  public 
science  lectures  should  include  representatives  of  as  many 
interests  as  possible.  (3)  That  to  extend  interest  in  science, 
and  belief  in  its  influence,  beyond  the  narrow  circle  of  serious 
students,  increased  use  of  the  bioscope  in  illustrating  natural 
objects,  scenes  and  phenomena  is  desirable.  (4)  That  to 
carry  on  the  propaganda  of  efficiency  tlnuugh  science,  local 
committees  should  endeavour  to  secure  financial  support  from 
manufacturers  and  others  affected  by  national  progress.  (5) 
Tliat  more  encouragement  should  "be  given  at  university  insti- 
tutions and  training  colleges  to  the  art  of  exposition  and 
public  speaking,  for  the  benefit  of  those  students  and  teachers 
whose  aptitudes  may  later  be  usefully  exercised  in  promoting 
interest  in  science.  (6)  That  while  llie  training  of  an 
adequate  number  of  scientific  workers  is  of  prime  importance. 


it  is  desirable  that  everyone  should  be  made  acquainted  with 
the  broad  outlines  of  natural  science  while  at  school,  and  that 
public  appreciation  of  scientific  knowledge  as  an  essential 
factor  of  modern  progress  should  afterwards  be  created  and 
fostered  by  means  of  popular  lectures. 


THE  GRONWALL-DIXON  ELECTRIC  FURNACE.* 

BY  JOHN  A.  CROWLEY. 

Over  a  year  ago  the  first  Groiiwall-Dixon  electric  melting  and 
refining  furnace  was  installed  at  Detroit.  In  conjunction  with 
the  basic  Groiiwall  patents,  there  were  combined  certain 
American  patents  secured  by  Joseph  L.  Dixon.  The  Gronwall- 
Dixon  furnace  operates  on  a  2-phase  system,  energy  being 
taken  from  3 -phase  supply  througli  two  banks  of  transformers 
connected  by  a  modified  Scott  3-phase  to  2-phase  connection. 
In  units  of  five  tons  and  larger  capacities,  four  vertical  elec- 
trodes are  introduced  through  the  roof.  The  bottom  electrode 
is  embedded  under  the  lining  of  the  hearth,  and  is  entirely 
protected  from  the  molten  charge.  It  therefore  requires  no 
water  cooling.  In  capacities  sm aller  than  five  tons,  two  elec- 
trodes are  introduced  througli  the  roof. 

Under  the  Gronwall-Dixon  patents,  the  transformers  are 
arranged  to  deliver  a  current  at  varying  voltages,  which  are 
immediately  available  as  required  by  the  operator.  Each 
phase  of  the  2-phase  current,  which  takes  a  balanced  load  from 
the  3-phase  supply  mains,  is  carried  to  a  pair  of  tlie  vertical 
electrodes,  the  bottom  electrode  being  joined  to  the  neutral 
point  of  the  transformers. 

Through  a  special  arrangement  of  switches  the  arcs  can  be 
thrown  in  series,  or  in  parallel,  or  into  several  series-parallel 
positions.  During  the  melting  stage,  while  the  arcs  are  in 
series,  the  lower  electrode  greatly  accelerates  the  process  by 
carrying  a  considerable  proportion  of  current,  as  well  as  all 
the  unbalanced  loads,  which  in  commercial  operation  are  un- 
avoidable. Because  of  this  feature,  the  power  input  to  the 
furnace  may  be  greatly  increased  over  and  above  the  amount  it 
would  be  possible  to  carry  without  the  bottom  electrode.  In 
subsequent  periods  of  refining,  recarbu rising,  and  introducing 
alloys,  or  for  holding  the  bath,  the  voltage  can  be  reduced, 
shortening  the  arc,  thereby  lessening  to  a  marked  degree  the 
reflected  heat  on  the  walls  and  roof.  This  procedure  prevents 
rapid  destruction  of  the  refractories.  When  operating  with  a 
short  arc  the  parallel  or  one  of  the  modified  connections  are 
used,  passing  a  large  proportion  of  current  througli  the  bath 
to  the  bottom  electrode.  By  this  method  the  proportion  of 
current  flowing  through  the  lower  electrode  can  be  varied 
within  wide  limits.  From  the  power  companies'  point  of  view 
this  transformer  and  connection  arrangement  makes  a  highly 
desirable  load.  The  transformer  efficiency  is  98  per  cent,  or 
over,  the  power  factor  is  92  to  97  per  cent.,  and  the  service 
mains  and  power  station  are  iiot  disturbed  by  any  serious 
surges. 

The  Gronwall-Dixon  furnace  is  cylindrical  in  shape  and  of 
the  usual  tilting  type.  The  tilting  operation  is  carried  out 
through  worm-driven  connecting  rods  operated  by  motor  drive 
through  a  reversing  controller.  The  furnace  is  designed  with 
two  doors,  front  and  back.  The  front  door  is  a  combination 
pouring  and  charging  door,  the  spout  being  removable.  The 
use  of  two  in  place  of  three  doors,  as  is  customary  on  electric 
furnaces,  reduces  the  heat  losses.  The  roof  is  built  up  in  a 
supporting  ring  from  regular  and  special  shapes  of  silica  brick. 
The  entire  roof  is  removable,  and  by  providing  a  spare  roof, 
very  little  time  is  lost  in  replacing,  in  case  one  is  burned  out. 

The  electrodes  are  carried  by  an  overhead  support  made  up 
of  I-beams.  Their  weight  is  taken  up  by  a  counterbalance  to 
which  the  mechanical  gearing  for  the  control  is  attached. 
This  control  is  operated  by  an  individual  motor  for  each  elec- 
trode, which  is  energised  through  a  system  of  contactors 
located  on  a  switdiboard,  either  automatically  or  hand 
operated  at  a  push-button  station.  Instruments  for  indicating 
the  amount  of  current  and  voltage  in  each  electrode  are  placed 
on  a  separate  panel  adjacent  to  the  control  and  under  ii 画 e- 
diate  observation  of  the  operator.  The  amount  of  current  to 
be  passed  through  each  electrode  can  be  set  at  a  number  of 
different  steps  by  the  operator.      The  current  will  be  main- 

^^^Pai)er  read  at  the  American  Fouudrymen's  Association  convention,  September 
11th  to  l.Uh,  191G. 
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iaiiied  at  such  point  hv  tlit、  automatic  control.  All  lovors  I'or 
oporjiiing  1  ho  swili-hos  aio  broii"'l"  to  a  panel  so  thai  the  eniiro 
operation  of  from  one  to  four  I'm'iiaces  may  be  carried  out  by 
Olio  melter  ami  iiis  assistant . 

The  furnace  installed  al  DoLroit  for  t.lie  .lolni  A.  Crowley 
Company  is  of  five  Ions  capacity.  Up  to  August,  1st  over  800 
heats  of  alloy  steel  for  automobile  and  aer()])liuie  ('obstruction 
had  been  poured.  The  results  obtained  Itave  been  so  encoura^^- 
ing,  from  both  a  comniercial  and  a  nietallurgiml  view  point, 
that  an  additional  10-ton  unit  is  now  being  installed,  and 
； irrangeinents  For  still  further  additions  liave  been  made.  The 
operation  of  this  furnace  is  continuous.  The  cold  charge,  con- 
sisting of  various  kinds  and  grades  of  scraj),  together  with  a 
percentage  of  pig  iron,  is  charged  into  the  furnace,  and  from 
this  material  heats  of  high-grade  nickel,  chrome-nickel, 
chroine-vaiiadiiun,  liigh  silicon  and  high  manganese,  higli  car- 
bon and  liiglt  speed  steels  may  be  made  within  a  period  of  four 
to  five  horn's,  with  an  energy  consuniption  of  from  500  to 
600  kw.-iiours  per  ton.  Under  favourable  conditions  many 
heats  of  steel  refined  to  under  0'2  per  cent,  sulphur  and  phos- 
phorus have  been  completed  in  a  little  over  three  hours 
with    a  niinimum    energy    consuniption    of     460  kvv.-liours 


； uhI  pliosplioriis.  It'  is  tlierefore  possible,  siai liii^  with  a 
rliarge  averu^MUt^  as  high  as  O  JO  per  cent,  in  sulpliiir  and 
pliospliorus,  to  reduce  these  elements  witli  one  slag  to  iiiKlor 
003  per  cent.  Fre(|uently  the  pliospliorus  and  sulphur  have 
bee"  reduced  lo  per  cent,  with  an  addiiional  slag.  Exten- 
sive investigations  of  more  thai»  8()()  heats  have  sliowii  a  initii- 
mum  of  segregation  even  in  the  piped  section  of  holioin- 
pouiod  ingots.  Tliis  rapid  reduction  ol"  the  sulphur  and  plms- 
l)liorus  is  also  brought  about  by  the  passage  of  ilie  current 
throii*^li  tlie  bath,  as  it  overcomes  the  tendency  for  the  arcs 
to  skim  along  the  surface  of  the  slag  by  drawing  iliem  directly 
into  it.  This  method  produces  an  exceptionally  lii^li  tempera- 
ture, particularly  desirable  wlieii  introducing  the  desulphuris- 
ing slag,  wiiicli  must  be  made  highly  basic  and  steel  kept 
sufficiently  fluid  to  complete  the  removal  of  the  sulphur.  As 
there  are  no  oxidising  gases  present,  the  sulphur  is  held  in  the 
slag. 

Second. —— This  motion  of  the  bath  brings  all  of  the  charge 
under  the  direct  influence  of  the  arcs,  and  cold  rings  at  the 
edge  and  chilled  bottoms  have  never  been  experienced  during 
the  operation  of  the  Gronwall-Dixou  furnace  in  nearly  800 
heats.  ■  It  is  therefore  possible  to  pour  all  of  the  metal,  leaving 
the  furnace  entirely  clean  for  the  succeeding  heats. 

Third. — - The  magnetic  action  of  the  bath  produces  a  distri- 
bution and  amalgamation  of  all  the  added  alloys.      This  is 

noticeable  when 


Gronwaix-Dixon  Et.ecttitc  Fl'RN  VrE. 

})er  ton.  In  Tnaking  tlie  above  grades  of  steel  prac- 
tically 90  per  cent.  are  to  carbon  specifications, 
lequii  ing  generally  considerable  recarburisiiig  of  tlie  bath  as 
well  as  the  addition  of  the  necessary  alloys.  The  specifi (！ ations 
are  in  all  cases  exacting,  and  the  charge  must  be  held  in  the 
furnace  while  a  sample  is  analysed  for  carbon  by  the  combus- 
tion method,  niangaiiese,  nickel,  chromium,  and  vanadium, 
according  to  the  grade  of  steel  made.  The  above  figures  on 
power  consumption  include  the  time  and  energy  consumed 
while  the  laboratory  work  is  being  completed. 

In  making  the  usual  run  of  steels  it  has  proved  to  be 
unnecessary  to  use  any  deoxidising  agents,  such  as  ferro-nian- 
ganese  or  I'erro-silicon,  except  as  required  to  meet  the  speci- 
ficatioiis.  Many  heats  have  been  poured  where  no  additions 
of  these  elements  are  made.  Owing  to  this  neutral  atmosphere, 
it  is  possible  to  add  the  greater  part  of  the  required  alloys 
either  with  tlie  scrap  or  immediately  after  the  charge  is  melted, 
reserving  only  sufficient  for  a  final  adjustment  of  the  analysis. 
Investigations  of  alloy  steels  made  under  this  practice  have 
shown  an  absolute  uniformity  and  extreme  accuracy  in  meet- 
ing specifications.  After  the  melting  operation,  and  during 
the  refining,  the  passage  of  the  current  through  the  molten 
metal  creates  a  magnetic  movement  of  tlie  bath  producing 
three  distinct  results. 

F'lVHt. —— It  brings  the  entire  bath  in  direct  contact  with  tlie 
refilling  slag,  materially  assisting  in  removal  of  the  sul])liur 


beiiu 


making  final  additions  for  the 
adjustment  of  the  analysis, 
such  as  metal  for  recarbiirising, 
ferro-manganese,  nickel,  chro- 
mium, or  vanadium  as  may  be 
required,  after  which  additions 
the  furnace  can  be  tapped 
within  10  minutes. 

That  this  passage  of  the  cur- 
rent tlii'ough  tlie  heartli  is  of 
decided  benefit  is  shown  by  the 
fact  til  at  the  initial  lining 
installed  wlieii  the  furnace 
started  nearly  a  year  and  a 
half  ago,  is  still  in  good  condi- 
tion, and  gives  promise  of  last- 
ing an  indefinite  period. 

Another  field  for  this  fur- 
nace is  the  electric  refining  of 
cupola  metal.  Some  of  the  re- 
sults have  been  most  encourag- 
ing. In  one  case  fluid  metal 
was  taken  from  the  cupola  and 
refined  in  the  electric  furnace, 
the  filial  analysis  of  the  iron 
Per  Cent. 


as  follows  : — 

^  Silicon   1-980 

Phosphorus   -..   0  3 13 

Sulphur    0044 

Manganese    0*730 

Combined  carbon    0,630 

Total  carbon    3-280 

From  the  metal  test  a  bar  of  liii.  square  section  was  cast, 
tlie  pliy.sical  test  being  as  follows :  The  bar  was  supported  on 
knife  edges  12in.  apart  and  sustained  a  load,  applied  in  the 
middle  of  3,0501bs.  before  breaking,  the  deflection  being 
0'215in.  The  tensile  strength  was  27,5701bs.  with  a  Briuell 
hauhiess  of  202.  So  far  tlie  work  has  been  carried  on  only 
in  an  experimental  way. 

The  figures  given  as  regards  output  and  energy  consump- 
tion are  based  on  the  making  of  high-grade  alloy  steels  to  meet 
severe  specifications.  In  】】】akiiig  the  ordinary  run  of  steel 
castings  it  is  believed  these  figures  can  be  greatly  reduced, 
more  especially  as  no  time  need  be  lost  in  sampling  and 
analysing  the  metal  during  the  actual  operation.  Generally 
speaking,  a  steel  found ry  requires  a  large  luiniber  of  small 
heats  ill  quick  succession.  This  is  obtained  by  reducing  the 
capacity  of  the  furnace  hearth  itself,  and  increasing  the  trans- 
former capacity  so  that  the  charges  are  melted  quickly.  Thus, 
by  reducing  the  time  cycle  of  operation,  the  production  costs 
are  materially  decreased. 
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APPRENTICE  SYSTEM  FOR  THE  ELECTRICAL  TRADE.* 

liY   A.  P.  TROTTER,  B.A..  M.IXST.C.E..  M.I.M.E.  .  M.I.E.E. 

Our  universities  and  technical  colleges  now  make  provision  for 
the  training  of  engineers,  and  the  student  must  have  had  a 
suitable  grounding  in  elementary  science,  and  particularly  in 
mathematics,  before  he  enters  the  course.  No  engineer  can 
join  the  Institution  of  Civil  Engineers,  or  the  Institution  of 
Mechanical  Engineers,  or  the  Institution  of  Electrical 
Engineers,  unless  he  has  attained  a  certain  stan- 
dard of  theoretical  knowledge.  We  are  not  concerned  here 
with  those  high  and  wide  ranges  of  training  for  the  profession 
about  which  so  much  has  been  written,  but  with  a  certain 
section  of  electrical  trade.  Some  masters  will  not  take  boys 
from  a  secondary  technical  school  because  they  come 
thinking  that  they  already  know  a  good  deal,  and  most  of 
this  has  to  be  unlearned.  It  seems  therefore  better,  where 
possible,  that  the  master  should  not  only  have  some  voice 
ill  tlie  training,  but  should  direct  it,  and  this  can  best  be  clone 
through  the  organisation  of  an  apprenticeship  system. 

A  boy  is  apprenticed  to  a  trade.  What  is  a  trade  ？  It 
originally  meant  a  beaten  path  which  we  tread.  Are  these 
paths  in  the  way  of  life  wider  or  narrower  than  they  were 
when  apprenticeship  was  made  compulsory  for  all  trades  ？  If  at 
all  times  in  the  world's  history  a  first- rate  craftsman  had  a  com- 
plete knowledge  and  practical  experience  of  his  craft,  it  follows 
that  with  the  development  of  the  arts  the  range  that  any 
one  man  can  master  is  a  fraction  with  a  continually  increas- 
ing denominator.  There  must  be  a  continual  splitting  up 
of  trades,  and  in  Shakespeare's  time  there  was  already  a  dis- 
tinction between  a  carpenter  and  a  joiner.  Division  of 
Uibour  was  introduced  for  economy  of  production,  and  it  is 
realised  at  the  expense  of  narrowness  of  experience.  I  have 
met  a  maker  of  packing  cases  for  pianos  who  was  doubtful 
if  he  could  undertake  to  make  a  case  for  a  harmonium.  In 
those  trades  where  very  highly  manipulative  skill  is  required, 
it  is  impossible  for  one  man  to  do  more  than  one  job 
thoroughly  well,  and  he  should  be  content  and  indeed  proud 
to  be  a  specialist. 

The  old  way  of  learning  a  trade  was  to  give  a  lad  simple 
jobs  at  first  and  let  him  gain  experience  in  handicraft^  and 
to  acquire  a  general  knowledge  by  keeping  his  eyes  and  ears 
open.  The  old  craftsman  seldom  realised  that  any  general 
principles  underlay  the  methods  he  used.  Much  was  tradi- 
tional and  much  was  rule-of-thumb.  Sheer  experience  told 
him  which  methods  would  produce  good  work,  and  which 
would  lead  to  inferior  results.  In  the  absence  of  any  know- 
led  g-e  of  general  principles  and  of  intelligent  reasoning  from 
them,  it  is  no  wonder  that  the  word  mystery  was  used  in 
connection  with  the  arts  and  crafts.  With  the  development 
of  science,  which  only  means  ordered  or  system atised  know- 
ledge, it  was  discovered  that  most  of  the  methods  of  the  crafts- 
rrian  could  be  explained  in  scientific  terms. 

Many  modern  businesses  can  hardly  be  called  trades.  How 
many  people  can  make  an  electric  glow  lamp,  can  rnix,  melt, 
and  blow  the  glass  for  the  bulb,  prepare  the  filament  and 
mount  it,  exhaust  and  finish  it?  Then,  again,  in  dynamo 
and  motor  building,  what  does  a  core  stamper  know  about 
armature  winding ？  It  is  difficult  to  find  a  name  for  these 
trades  within  trades.  The  essence  of  the  contract  of  appren- 
ticeship is  that  one  person  is  bound  to  teach  another  a  certain 
trade.  What  master  would  undertake  to  teach  a  lad  how  to 
make  an  electric  lamp  ？  One  of  the  causes  of  the  break  up 
of  the  old  apprentice  system  was  the  introduction  of 
niacliinery,  and  with  it,  sub-division  of  labour  in  the  textile 
industry  ；  and  this  system  is  not  readily  applicable  to  some 
kinds  of  employment  of  the  present  day. 

A  change  has  taken  place  in  the  meaning  of  ('  a  trade/' 
but  a  greater  alteration  has  occurred  in  the  expression 
" master."  We  still  speak  in  general  terms  of  "  employers 
and  men/'  but  we  generally  mean  firms.  Even  where  the 
firm  consists  of  a  father  and  son,  or  of  two  brothers,  there  is 
a  blurring  of  individuality  ；  where  these,  with  a  sleeping 
partner  or  two,  constitute  a  limited  or  unlimited  company, 
there  is  a  further  loss  of  the  personal  element,  and  in  a 
modern  business  firm  with  a  board  of  directors  it  is  unusual, 

*  Abstract  of  presidential  address  delivered  before  the  Association  of  Super- 
vising Electricians,  October,  1916. 


to  say  tile  least  of  it,  to  find  a  chainnan,  a  inanagiiig  director, 
or  perliaps  a  secretary,  of  such  a  masterful  character  that 
any  direct  relationship  with  the  apprentice  can  be  recognised. 
It  is  true  that  the  apprentice  can  work  loyally  for  the  "  firm,"' 
in  spite  of  the  fact  that  it  is  a  dim  "  they  "  ；  but  who  is  to 
undertake  the  important  duty  of  teaching  ？ 

In  factory  work,  unless  it  is  not  only  a  recognised  part  of  a 
foreman's  job  that  he  has  to  teach,  and  that  he  is  able  to  teach 
and  willing  to  teach,  he  cannot  teach  ；  and  as  we  go  down  the 
scale  we  get  further  and  further  from  the  "  master."  In  the 
case  of  house  wiring,  the  firm,  the  vague  "  they/'  are  remotely 
occupied  in  "  the  office,"  and  are  only  represented  by  the 
flying  visits  of  an  inspector,  while  the  charge  hand  is  obviously 
the  man  who  represents  the  master,  but  in  such  a  different 
degree  that  only  a  trace  of  the  old  relationship  with  the 
apprentice  can  remain.  On  a  large  job,  with  several  gangs, 
the  apprentice  is  at  a  still  greater  disadvantage,  and  for  the 
fulfilment  of  the  obligation  to  teach  or  cause  to  be  taught, 
some  special  arrangements  must  be  made.  It  is  a  matter  for 
employers  to  consider  whether  it  is  worth  their  while  to  take 
such  steps,  both  (during  the  ordinary  working  hours  of  appren- 
tices, and  by  allowing  them  to  attend  trade  classes,  to  secure 
young  men  trained  to  do  good  and  intelligent  work  in  the 
style  of  the  firm,  and  well  versed  with  its  special  lines.  Appren- 
ticeship will  secure  these.  The  inevitable  wasters  will  drift 
in,  but  a  probationary  period  of  not  less  than  one  month 
but  not  more  than  six,  will  give  them  the  opportunity  of 
drifting  out  again. 

Modern  forms  of  indenture  do  not  assume  that  the  master 
will  directly  teach  the  apprentice,  but  he  will  "to  the  best  of 
his  knowledge  and  ability  teach  and  instruct,  or  cause  to  be 
taught  and  instructed,  the  apprentice  in  the  trade  or  business 

of  ，  and  in  all  things  incident  or  relating  thereto.  And 

that  he,  the  master,  will  allow  the  apprentice  such  leave  of 
absence  as  may  be  reasonable  for  the  purpose  of  attending 
technical  classes  of  instruction,  and  that  the  apprentice  shall 
not  suffer  any  diminution  of  wages  on  that  account."  In 
primitive  times,  the  apprentice  worked  alongside  his  master 
and  was  taught  by  him,  but  as  early  as  1656，  it  was  provided 
that  "  the  said  master  shall  and  will  teach  instruct  informe 
and  bringe  up  or  cause  to  be  taught  instructed  informed 
and  brought  up  him  the  said  Apprentice.    .    .  .，， 

Evening  classes  relating  to  the  work  on  which  a  lad  has 
been  engaged  all  day  are  not  desirable.  They  have  their 
uses  in  certain  cases.  They  require  not  only  grit  but  a  good 
physique.  They  are  a  valuable  means  of  improving  and 
widening  the  knowledge  of  those  who  have  not  had  the  benefit 
of  a  regular  apprenticeship,  or  who  have  an  ambition  to  rise 
higher  in  their  trade,  or  to  follow  some  other  branches  of 
their  daily  occupation.  The  apprentice  should  be  bound  to 
attend,  and  the  employer  should  see  that  he  does  attend,  the 
chosen  trade  or  handicraft  day  classes  (without  loss  of  wages), 
for  periods  of  at  least  two  or  three  hours  per  week,  or  two 
mornings  or  afternoons  every  week,  thus  making  a  minimum 
of  six  hours  weekly  instruction  in  the  theory  and  practice 
of  his  trade.  For  technical  classes  to  be  successful,  it  is 
desirable  that  the  teaching  should  be  in  close  touch  with 
the  trade,  and  employers  should  be  invited  to  take  an  active 
interest  in  the  scope  and  method  of  the  training.  This 
instruction  should  not  be  a  mere  extension  of  the  daily  work, 
carried  on  under  the  supervision  of  a  teacher,  but  in  the  case 
of  most  trades  it  ought  to  consist  of  a  study  of  general  or 
scientific  principles,  illustrated  or  demonstrated  by  examples 
taken  from  the  practice  of  the  daily  work. 

In  a  science  class  a  teacher  avoids  spoon-feeding,  because 
lie  is  using  science  for  an  educational  purpose,  and  wishes  his 
students  to  think  out  problems  for  themselves.  He  illustrates 
general  principles  and  theories  which  constitute  any  particular 
science,  by  experiment.  In  a  trade  class  much  of  this  is 
reversed.  The  experiment,  whether  the  tinning  of  a  soldering- 
iron,  or  the  charging  of  an  accumulator,  is  the  starting  point, 
the  main  thing  to  be  understood,  and  the  principles  and 
theories  are  brought  in  to  explain  it.  In  a  science  class  the 
chemistry  and  transformations  of  energy  in  an  accumulator 
are  examples,  much  care  is  given  to  explain  the  distinction 
between  electromotive  force  and  difference  of  potential,  and 
some  years  ago  serious  dissertations  of  a  philosophical  nature 
were  given  on  the  seat  of  electromotive  force  in  a  cell.  In 
a  trade  class  one  of  the  first  things  to  be  learned  about  an 
accumulator  is  that  the  peroxide  plate  is  positive  and  plum 
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colmiml,  and  i  iiat  ihv  m\i;at  ivo  is  neulral  t  int  That  is  iiof 
to  be  t'ound,  aiul  probably  never  will  be  found,  in  ； i  text  book. 
Nor  will  you  iiml  t liero  t  he  fuel  t  liat  aJthougli  mineral  oil 
or  vaseline  are  iion-coiuhu't ors  they  reduce  t he  rt、sist;im'。  ol' 
a  sliding  contact .  If  t ho  teacher  cannot  explain  1  liis  lio  cnu 
leave  it  as  an  interesting     ！ nysterie." 

The  import  ance  of  systematic  work  should  he  laiiglit . 
mail  will  fumble  for  an  hour  or  more  with  a  detector,  sort  in*; 
out  circuits  in  a  tangle  of  wires  ；  another  will  finish  them  ofY 
ill  a  few  minutes  because  he  works  on  a  method.  There  may 
be  a  temptation  to  go  rather  deeply  into  the  theory  of  locat- 
ing a  fault  on  a  circuit,  but  here  spoon-feeding  is  legitimate. 
Fully  worked  out  examples  should  be  given,  and  an  hour  spent 
oil  hydraulic  analogies  will  enable  some  sort-  of  mental  picture 
to  be  formed  of  the  circuit,  although  the  whole  thing  could 
be  set  down  in  a  few  equations  on  the  blackboard  in  ten 
minutes.  Mathematics  are  absolutely  essential  for  the  higher 
brandies  of  electrical  engineering,  and  in  the  more  simple 
departineiits,  such  as  fault  location,  mathematics  enable  a 
trained  man  to  take  wonderfully  short  cuts.  But  a  thorough 
grasp  of  tlie  subject  from  a  common-sense  point  of  view  will 
often  enable  a  plain  man  to  "  get  there." 

But  I  cannot  go  into  the  details  of  the  training  which 
should  be  given.  I  am  convinced  that  an  apprentice  should 
come  so  grounded  in  simple  arithmetic  that  he  should  not  have 
to  be  taught  it,  but  only  have  to  exercise  his  knowledge  of  it 
in  the  trade  classes.  I  am  neitlior  a  wire  man  nor  a  teacher. 
Nearly  30  years  have  passed  since  I  managed  a  factory.  It 
is  for  you,  practical  engineers,  to  decide  what  the  apprentice 
should  learn,  and  you  should  take  care  that  it  is  properly 
taught. 

In  some  cases  boys  are  apprenticed  while  still  at  school, 
and  the  last  pari  of  their  schooling  is  counted  as  part  of  their 
apprenticeship.  To  what  extent  school  education  should  be 
specialised,  with  a  trade  in  view,  is  a  diflirult  question.  It, 
certainly  should  not  attempt  to  deal  with  technical  details  or 
handicraft.  On  the  other  hand,  if  time  can  be  found  in  a 
normal  curriculum  for  putting  every  boy  through  a  course 
of  elementary  carpentering,  perhaps  one-half  of  them  may  be 
educationally  benefited  thereby. 

The  demand  for  trade  classes  in  any  special  subject  must 
precede  the  supply.  The  City  Guilds  have  done  a  great  deal 
for  higher  scientific  teaching.  It  would  be  appropriate  that 
help  should  come  from  this  quarter  to  revive 
apprenticeship,  which  was  originally  instituted 
as  the  carefully -guarded  entrance  to  the  Guilds, 
and  that  they  should  aid  in  the  development 
of  the  guild  spirit ― a  pride  in  craftmanshij)  of 
the  highest  quality.  Courses  of  instruction  are 
already  provided  in  London  by  the  London 
County  Council  at  day  schools,  to  a  greater 
extent  tlian  is  generally  known  ;  and  since  these 
are  by  no  means  centralised  but  are  widely  dis- 
tributed, they  could  be  carried  on  in  the  same 
way^  not  only  in  other  cities,  but  in  the  smaller 
towns.  The  L.C.C.  offer  about  150  scholarships 
tenable  at  these  scliools.  Elementary  and 
advanced  evening  classes  for  electrical  wirenien 
are  held  at  the  Northampton  Institute,  St. 
John  Street,  Clerkeiiwoll,  and  at  the  So'itli- 
western  Polyteciinic,  Maiiresa  Road,  Chelsea. 
Proposals  for  day  classes  would  no  doubt  be  considered. 

The  main  advantage  to  the  electrical  engineering  industry 
in  encouraging  the  apprenticeship  system,  is  that  it  secures 
good  workmen  thoroughly  instructed  in  the  craft.  Appren- 
ticeship, say,  ill  the  straw  hat  making  trade  has  its  own  value, 
but  in  the  case  of  electrical  contractors  engaged  in  wiring, 
sound  workmanship  becomes  a  matter  of  public  importance. 
Ironmongers  and  decorators  who  have  succeeded  in  putting 
up  electric  bells,  have  gone  on  to  try  their  hands  at  wiring 
for  electric  light  with  disastrous  results.  I  do  not  propose 
to  follow  that  line  of  thought  further,  but  I  leave  you  to  con- 
sider what  ought,  to  be  done  t  o  check  it  - 

The  old  period  of  apprenticeship  of  seven  years  is  too  long 
in  these  days  of  competition  and  higher  pressure.  An  appren- 
tice who  receives  sound  training  in  trade  classes,  and  thus 
learns  to  understand  his  work  intelligently,  will  master  it 
sooner  than  a  boy  coming  straight  from  an  elementary  school 
to  pick  up  a  trade  by  simply  working  at  it.      It  is  recom- 


m<'ml(Ml  f  lw",  i  \w  period  of  modern  ； ipprciil  ic<-slii|.  Kliould  iio( 
t'x<'('(>(l  live  years,  and  in  Horiu;  ascs  of  sirnpir  r('|>(*t  it  ion  work, 
may  mlucod  to  three.  hi  gem"'al  loiir  years 而" h  f  o  he 
； I  suitable  poriocl  for  elect  rical  coiil  ract ors."  If  t  li("'e  is  ； i 
v;uiH,y  of  work,  ilio  apprentice  may  not  have  a  chance  of 
st'miig  it  all  tliiriiig  a  period  of  less  than  four  years. 

When  a  consideraiioii  of  a  sum  of  money  is  paid  to  (he 
master  as  a  premium,  the  wages  during  a  certain  period  are 
sometimes  assumed  to  l)e  the  return  of  this  premium.  In 
general,  the  payment  of  a  premium  tends  to  put  the  appren- 
tice in  a  false  position.  He  is  tempted  to  feel  that  liis  master 
is  to  that  extent  indebted  to  him,  and  this  may  a  fleet  liis 
inclination  to  work.  In  the  absence  of  a  premium,  relations 
become  simplified,  a  small  wage  is  paid,  and  this  places  the 
master  in  Ids  proper  position.  Like  most  considerations  of 
liioney,  the  payment  of  a  premium  depends  on  ilie  principle 
tliat  the  price  of  a  thing  is  what  it  will  fetch.  Wlieii  appren- 
ticeship was  compulsory  by  law,  a  parent  would  often  have 
to  induce  a  master  to  take  his  son. 

When  1  left  Cambridge  in  1879,  I  wished  to  become  a 
meclianical  engineer,  and  I  paid  to  a  fine  old  firm,  which  no 
ionger  exists,  a  considerable  sum  as  premium  for  the  privilege 
of  entering  their  works  as  a  pupil  for  three  years.  One  of 
the  partners  gave  more  attention  than  the  others  to  the  dozen 
of  us  who  were  there.  There  was  no  indenture,  and  no  obli- 
gation to  teach  or  to  learn.  Opportunities  for  learning  were 
abundant,  actual  teaching  was  insignificant.  Most  of  us 
pjckecl  up  a  pretty  fair  knowledge  of  the  trade,  but  nothing 
of  the  business  of  mechanical  engineering.  The  premium 
pupil  system  has  been  severely  criticised,  and  in  rare  cases 
it  has  been  pushed  to  a  scandalous  extent,  where  small  facto- 
ries have  been  run  with  little  else  than  the  labour  of  premium- 
paying  pupils. 


HAND-OPERATED  FEED  DEVICE  FOR  BORING  MACHINES. 

Messrs.  Rosk,  Downs,  &  Thompson,  Ltd.,  Old  Foundry, 
Cannon  Street,  Kingston-upon-Hull,  and  Mr.  W.  B.  Littlejoliii 
have  recently  patented  the  device  illustrated  for  enabling  the 
lead-screw  of  boring  and  similar  machines,  in  addition  to  being 
operated  or  rotated  automatically  by  mechanical  means,  as 
heretofore,  to  be  operated  or  rotated  by  hand  when  desired, 
whereby  a  reduced  speed  of  feed  of  the  cutter  or  tool  can  be 
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HAND-OPliitATl  l)  FKED  DeVICK  FOU  BoUING  MACHINES. 


obtained  when  necessary.  Referring  to  the  illustrations,  A 
indicates  a  sleeve  forming  part  of  a  ratchet  device  for  rotating 
the  lead -screw  B，  and  which  is  mounted  on  that  portion  of 
the  lead-screw  which  is  not  provided  with  a  screw  thread,  the 
pawl  or  the  equivalent  C  of  the  ratchet  device  being  adapted 
to  engage  teeth  formed  around  the  lead -screw  spindle,  or 
around  a  collar  I)  fitted  thereon,  E  being  the  operating  handle 
of  the  device,  which  is  formed  integral  with  or  secured  to  the 
sleeve  A,  to  which  handle  the  pawl  C  is  loosely  pinned. 


Manchester  Association  of  Engineers.— At  the  opening  meet- 
ing of  the  session,  held  on  Saturday  last,  prior  to  the  deli- 
veiy  of  the  inaugural  address,  the  president  (Mr.  F.  W.  Reed) 
presented  the  "  Constaiitine  "  gold  medal  for  the  past  session 
to  Mr.  Alfred  Etchells  for  his  paper  on  "  Uniform  Condi- 
tions for  Engineering  Operations  and  Induetrial  Work," 
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TESTS  OF  LUBRICATING  OILS. 

In  an  article  on  the  above  subject  which  appeared  in  the 
August  issue  of  the  "  Journal  of  the  American  Society  of 
Kaval  Engineers/'  J.  L.  Kaufliuan  states  that  up  to  about 
five  years  ago  the  U.S.  Navy  Depart nient  issued  specifications 
for  hibricating  oil  calling  for  a  certain  flash  point,  specific 
gravity  and  viscosity,  and  usually  enumerated  several  simple 
tests  that  would  be  made.  After  the  establishment  of  the 
Engineering  Experiment  Station,  however,  study  and 
examination  developed  a  number  of  special  tests,  which 
finally  led  to  a  change  in  the  method  of  purchasing  lubricat- 
ing oils.  Instead  of  requiring  oils  to  meet  definite  specifica- 
tions, each  was  required  to  pass  satisfactorily  tests  made  at 
the  station  before  being  placed  on  the  acceptable  list.  A 
memorandum  was  issued  to  all  firms  bidding  on  navy  con- 
tracts, setting  forth  in  a  general  way  the  tests  that  would  be 
made.  The  old  method  had  the  disadvantage  that  an  oil 
could  be  submitted  which  would  meet  each  item  of  the  specifi- 
cations and  still  would  not  lubricate  properly.  Also  the 
re(|uirenients  of  the  old  specifications  regarding  specific 
gravity  and  flash  point  were  found  to  limit  the  bids  without 
increasing  the  lubricating  value.  The  important  paragraphs 
of  the  memorandum  are: —— 

(a)  All  oils  not  known  to  be  satisfactory  are  subject  to 
test  at  the  Engineering  Experiment  Station,  and  to  a  furtlier 
test  in  service  on  board  ship  when  considered  necessary  before 
being  considered  acceptable. 

(h)  The  complete  test  of  an  oil  consists  of  three  parts, 
namely,  chemical,  physical,  and  practical  tests. 

(r)  To  successfully  pass  the  chemical  tests  all  oils  should 
be  neutral  in  reaction  and  should  not  show  the  presence  of 
moisture,  matter  insoluble  in  petroleum  ether  (hard  asphalte), 
matter  insoluble  in  ether  alcohol  (soft  asphalte),  free  sulphur, 
cliarrino-  or  wax-like  constituents,  imphthenic  acids,  sulpho- 
nated  oils,  soap,  resin  or  tarry  constituents,  the  presence  of 
which  indicates  adulteration  or  lack  of  proper  refining. 
Except  in  oil  for  engines  without  forced  lubrication  no  traces 
of  fixed  oils  (animal  or  vegetable  fats)  should  be  found. 

(d)  In  lubricating  oil  for  main  engines  without  forced 
lubrication,  approved  fixed  oils,  such  as  rapeseed,  olive, 
tallow,  lard,  and  neatsfoot  oil  may  be  used.  When  the  fore- 
going fixed  oils  are  used,  thev  must  be  well  refined  with 
alkalies,  unadulterated,  containing  a  minimum  of  free  fatty 
acids,  with  no  moisture  or  gumming  constituents.  Olive  oil 
should  not  have  a  high  specific  gravity.  If  satisfactory  eniul- 
sifyincr  results  can  be  obtained  with  straight  mineral  oils 
on  engines  without  forced  lubrication  they  may  be  submitted 
for  service  test. 

(f)  The  physical  tests  applied  to  each  oil  are  as  follows  : ― 

1.  /Specific  gravity ― pyknometer. 
^Baume  gravity. 

2.  Flash  and  Fire  Point  (Cleveland  open  cup,  Pen  sky 
Martin  closed  cup)— The  flash  point  should  not  be  below  300。 
Fah.,  closed  cup  ;  and  for  steam  cylinder  oil  not  below  450''' 
Fah. 

3.  Cold  Point — The  cold  point  should  not  be  above  32° 
Fah.,  except  for  cylinder  oils.  For  ice  machine  oils  it  should 
be  as  low  as  possible,  at  least  low  enough  for  the  operating 
condition  of  minus  15''  Fah.  in  a  dense-air  ice  machine. 

4.  Viscosity ― The  Saybolt  Universal  Standard  Viscosi- 
meter  is  used.  The  viscosity  of  the  oils  must  be  sufficient  for 
the  purpose  intended,  and  except  for  ice-machine  oils,  must 
not  be  less  than  140  sees,  at  100。  Fah.  Viscosity  is  taken  at 
10(r，  130",  and  210。  Fah.  ' 

5.  Emulsion  Tests ― Emulsion  tests  are  made  on  all 
straight  mineral  oils  except  cylinder  oils.  Four  emulsion 
runs  are  made,  using  40  c.c.  of  oil  in  each  case  and  (a)  40  c.c. 
of  distilled  water  ；  (b)  40  c.c.  of  salt  water  ；  (c)  40  c.c.  of 
normal  caustic  soda  solution  ；  (d)  40  c.c.  of  boiling  distilled 
water.  The  mixture  is  stirred  with  a  paddle  for  five  minutes 
at  1,500  revs,  per  minute,  the  mixture  being  kept  at  a 
temperature  of  13(r  Fah.  during  tlie  stirrin^^  and  while 
setUing  out.  On  oils  used  with  forced  lubrication  or  on  ice 
machines  the  oil  must  completely  settle  out  in  less  than  20 
minutes. 

6.  Friction  tests  are  made  on  the  Experiment  Station 
friction  machine  to  determine  the  relative  friction  of  various 
oils  under  varying  conditions  of  speed,  bearing-cap  pressure 
and  temperature. 


if)  Practical  tests  of  oils  for  forced  lubrication  are  made 
on  the  Engineering  Experiment  Station  s  75  kw.  turbo- 
generator, niakiiior  2,400  revs,  per  minute,  with  the  tempera- 
ture of  the  bearing  varying  from  180。  to  SICT  Fah.  Tests  of 
ice-machine  oils  are  made  on  tlie  ^-ton  Allen  dense- air  ice 
machine.  These  tests  cover  a  working  period  of  at  least  100 
hours. 

((/)  Upon  completion  of  the  tests  at  the  Engineering  Ex- 
periment  Station,  a  service  test  is  usually  recommended  on 
all  but  cylinder  oils.  These  tests  are  made  on  ships  in  com- 
mission and  cover  a  period  of  several  months. 

(/')  1.  Samples  of  three  oils  (light,  medium,  and  heavy) 
should  be  submitted  to  be  suitable  for  turbines,  all  forms  of 
forced  feed  or  splash  lubrication,  dynamo  engines,  and  all 
internal-combustion  engines  (including  Diesel  type).  These 
three  oils  should  cover  the  required  range  of  viscosity. 

2.  Oil  suitable  for  main  engines  without  forced  lubrication 
should  form  an  emulsion  when  mixed  with  water,  may  be 
either  compounded  or  a  straight  mineral  oil  and  must  feed 
efficiently  with  wick  feed,  and  not  be  washed  off  when  mixed 
with  water. 

3.  An  oil  for  use  on  ice  niachiues  in  both  the  compressor 
and  expander  cylinders  should  not  give  off  an  objectionable 
odour  when  used  with  the  dense-air  ice  machine. 

4.  Oil  for  steam  cylinder  lubrication  must  be  a  straight 
mineral  oil. 

5.  Oil  for  cylinders  using  superheated  steam  used  on  shore 
stations  should  have  a  high  flash  point. 

The  following  is  a  description  of  the  tests  enumerated 
above  ： —— 

Moisture ― Heat  3  to  4  c.c.  in  a  test  tube  (the  walls  of 
which  have  been  thoroughly  wet  with  oil)  in  a  bath  of 
liquid  paraffin  up  to  300°  Fah.  Oils  containing  water  will 
form  emulsions  on  the  walls  and  cause  foaming  and  splut- 
tering. A  test  is  also  made  with  a  mixture  of  oil  and  eosin 
to  determine  faint  traces  of  moisture  by  changes  of  colour. 
The  presence  of  moisture  is  particularly  undesirable  in  trans- 
former oils,  but  there  is  danger  of  its  forming  objectionable 
emulsions  in  any  straight  mineral  oil 

Sulphur 一 Boil  about  50  c.c.  of  oil  with  a  piece  of  bright 
metallic  sodium  for  half  an  hour  ；  add  water,  heat  and  stir 
until  the  sodium  is  dissolved  ；  pour  off  the  watei'  and  test  the 
remainder  with  a  fresh  1  per  cent,  solution  of  sodium  nitro 
prusside.  If  the  mixture  turns  violet  colour,  the  oil  contains 
sulphur.  When  sulphur  is  found,  an  additional  test  for 
sulphonatecl  oils  is  made. 

Acids  or  Alkalies ― Heat  for  one  half  hour  with  frequent 
stirring  25  c.c.  of  oil  and  50  c.c.  of  lieutral  distilled  water. 
Test  a  few  cubic  centimetres  of  the  mixture  first  with  methyl- 
orange  to  determine  the  acids,  and  another  portion  with 
pheiiol-plithalein  for  the  determination  of  alkalies.  Acids 
and  alkalies  cause  emulsions.  Acids  also  cause  corrosion  of 
journals  and  other  metal  parts. 

Matter  Insoluble  in  Ether  Alcohol ― Shake  11  c.c.  of  oil  and 
14  c.c.  of  ether  alcohol  (8  parts  ether  and  6  parts  alcohol). 
After  standing  12  hours,  note  the  precipitate,  if  any,  at  the 
bottom  of  cylinder.  The  precipitate  will  be  asphalte,  and  even 
a  trace  would  make  the  oil  undesirable  as  a  lubricant. 
Asphalte  would  cause  scoring  of  journals  and  clogging  of  oil 
lines. 

Matter  Iiisolubie  in  High-grade  Gasoline ― Shake  2  c.c.  of 
oil  and  about  300  c.c.  of  high-grade  gasoline  (86-88  Baume^ 
gravity).  After  standing  12  hours,  note  precipitate,  if  any, 
in  the  bottom  of  glass.  The  precipitate  will  be  soft 
asphalte  or  carbon  particles,  and  a  slight  trace  would  make 
the  oil  undesirable. 

Tarry  or  Suspended  Matter— Same  as  the  foregoing,  except 
using  5  c.c.  of  oil  and  95  c.c.  of  gasoline  and  allowing  it  to 
stand  for  half  an  hour  ；  then  examine  deposit,  if  any,  for  dirt 
or  tarry  matter. 

To  Detect  Fixed  Oils  —Heat  10  c.c.  of  oil  with  a  small  piece 
of  metallic  sodium.  If  the  mixture  becomes  gelatinised  or  a 
semi-solid,  it  indicates  the  presence  of  fixed  oils.  If  an  equal 
volume  of  oil  is  heated  alone  to  the  same  temperature,  the 
viscosity  of  the  two  samples  can  be  compared  ；  if  the  oil 
contains  fixed  oils  (animal  or  vegetable  oils),  the  sample  with 
sodium  will  be  much  heavier  than  the  sample  heated  alone. 

Effect  of  Heat— Heat  5  c.c.  of  oil  in  test  tube  over  flame 
until  vanoiirs  are  evolved  and  compare  the  colcrur  of  the 
lieated  oil  with  that  of  unheated  oils.     If  the  heated  oil  turns 
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Mack,  if  sliows  t  lio  pr(、s(、iu'i'  of  iMulosiraMc  carhoii  or  liydro- 
carbons. 

Tlic  physical  rharact eristics  ;m、  （lt、"、rmim 、（！  as  follows  : 
C\)lour  The  colour,  althou^^h  liavin^^  no  indueiico  on  t \\v 
hibricatiuiif  value,  may  be  used  to  identify  the  saiiq 山'. 
American  oils  fluoresce  with  a  grass-green  colour.  Russi;ui 
oils  have  a  blue  sheen  ；  oils  containing  distillation  residues 
and  unfiltered  oils  are  brown  to  green-black  in  reflected  light,. 
Nearly  all  niineral  niaohiiiery  oils  are  distilled  and  filtered  to 
i-m\e  extent  and  are  transparent  in  a  test  tube,  the  colours 
ranging  from  a  yellowish  wliite  to  a  blood  red.  The  colour 
may  be  determined  in  a  tinctouieter  by  comparing  wit-h 
different  coloured  glasses  or  lenses.  These  glasses  are 
numbered  and  for  machinery  oil  extend  from  No.  1  (white) 
to  No.  6  (red). 

Odour ― The  odour  may  be  determined  by  heating  in  a 
test  tube  or  by  rubbing  on  the  hand,  by  which  means  fatty 
oils,  coal  tai\  resi"  oils,  &c.，  may  be  detected. 

Specific  Gravity ― The  specific  gravity  is  obtained  by  the 
use  of  the  "  pyknonieter/'  this  term  signifying  any  vessel  in 
which  an  accurately  measured  volume  of  liquid  can  l)e 
weighed.  Tlie  bottle  is  first  filled  with  distilled  water  at  a 
temperature  of  60°  Fah.  and  the  weight  of  the  water  deter- 
mined. The  bottle  is  then  filled  with  oil  at  a  temperature 
of  60°  Fah.  and  the  weight  of  the  oil  determined.  The  weight 
of  the  oil  divided  by  the  weiglit  of  the  water  gives  the 
specific  gravity  at  6Cr  Fall.  The  Baume  gravity  is  obtained 
by  using  the  Baume  hydrometer,  which  is  simply  an  ordinary 
hydrometer  with  a  certain  arbitrary  scale.  Baume  gravity 
may  be  converted  into  specific  gravity  by  the  following 
formula  ： ― 

gr'  =  130  + Baume' 

Baume  gravity  is  largely  used  in  commercial  practice'. 

The  specific  grravity  does  not  affect  the  lubricating  value  of 
an  oil,  but  indicates  to  the  experienced  oil  man  the  locality 
from  which  the  crude  oil  is  obtained.  For  instance,  tlie 
specific  gravities  of  the  lubricating  oils  tested  at  the  Experi- 
ment Station  vary  from  0  864  to  0'945.  A  Baume  gravity 
of  32  corresponds  to  a  specific  gravity  of  0.864,  and  a  Baume 
gravity  of  18*1  to  a  specific  gravity  of  0'945,  so  that  an 
increase  in  specific  gravity  is  a  decrease  in  Baume  gravity. 
The  paraffin-base  oils  of  Pennsylvania  derivation  have  an 
average  specific  gravity  of  0*875  with  a  corresponding  Baume 
gravity  of  30.  The  asphaltic  base  oils  from  Texas  and  Cali- 
fornia have  an  average  specific  gravity  of  0  930  witli  a  corre- 
sponding Baume  gravity  of  20. 

Flash  Point 一 The  flash  point  is  deterniined  with  both  tlie 
Cleveland  open  cup  and  the  Pensky-Martin  closed  cup.  The 
flash  point  of  all  oils  is  determined  as  a  measure  of  their 
volatility.  The  flash  point  of  steam  cylinder  oils  is  of 
primary  importance,  the  required  flash  poiiit  depending  on 
the  temperature  of  the  steam  at  the  engine.  With  lubricat- 
ing oils  for  bearings  the  flash  point  is  important  only  in  that 
it  indicates  the  volatility  of  the  oils  and  the  presence  of 
kerosene  or  naphtha  fractions,  with  the  accompanying  fire 
risks.  In  the  case  of  very  low  flash-point  lubricating  oils,  it 
is  desirable  to  run  a  special  distillation  or  volatility  test,  men- 
tioned under  chemical  tests.  The  flash  point  detern lined  with 
the  open  cup  is  higliei'  than  with  the  closed  cup,  as  the  inflam- 
mable gases  on  the  surface  of  the  oil  are  disturbed  hy  the  air 
currents  in  the  open  cup.  Theso  (differences  range  from  5° 
to  40。，  witli  the  average  of  20。.  The  presence  of  very 
light  ends  (kerosene,  naphtha,  &c.)  niav  increase  this  diffe- 
rence to  100°. 

Fire  Point 一 This  is  the  temperature  at  which  the  oil  burns 
and  is  determined  bv  raising'  the  temperature  about  3^  a 
TTiiniite,  applying  the  flame  for  about  a  second.  The  fire,  or 
b，""iing，  point  is  from  30。  to  65°  liisriier  tliaii  the  flash  point 
with  all  Inhricating  oils,  the  light  oils  liavino^  a  difference  of 
about  40。. 

Cold  Point ― Mineral  oils  become  more  viscous  on  ('ooHm 厶 
and  finallv  solidifv.  In  h"、rirfttiiig  oils  refinefl  from  paraffin- 
base  crudes,  cooling  first  causes  the  paraffin  particles  to 
solidifv,  which  gives  the  oil  a  cloudy  appearance  ；  with  tliis 
class  of  nils  this  chan p*e  is  known  as  the  cloud  point. 

The  Committee  on  Lubricants  of  the  American  Society  for 
Testing  Materials  uses  the  words  "  cold  test  "  as  a  jreneral 
term,  with  sub-heads  of  "  cloud  test  ，'  and  "  pour  test."  The 
method  recommended  bv  this  committee  is  used  at  the  Ex- 


l"'rim('i"  SI al  ion,  ； m'l  in  siilisl  ； i  ncr  is  as  follows  ：  1 1 (';"  t  lie 
oil  to  ir)(r  Kali.  ;m<l  cool  hy  to  7.广)'' Kah.  Tako  a  holtlo 
al)()ut  1  {in.  inside  (jiamcl  cr  ;i tid  ]  in.  ">  f) i 1 1 .  liii^li  and  \Hmv  in 
oil  to  a  lieiglit  of  1  [in.  I'rom  I  he  Ijot  1  oni.  I  nscii  a  cold  Icsi 
t lioruionici or  (sprcially  niatle,  using  coloured  alcohol,  aiul 
with  a  long  hulh)  tlirougli  a  tiglit-  fitting  cork.  A  H|)('<'ial 
jjicket  is  us(mI  liuviiifr  ;in  inside  dianieler  al)<)iit  .1  i 1 1 .  larger 
t hail  the  bottle.  Ice  or  any  other  cooling  medium  is  p;"'k('(l 
Hioinid  this  jacket.  When  the  oil  is  near  the  expeded  cloud 
point,  at,  every  2°  drop  in  temperature  remove  the  bottle  and 
iiisj)e(;i  the  oil,  being  careful  not  to  disturb  the  oil.  When 
t he  lower  half  becomes  opacjue,  read  tlie  thermometer;  this 
reading  is  taken  as  the  cloud  point.  The  cold,  or  pour,  test 
is  simply  a  continuation  of  the  (:】oud  test,  except  tliai  the 
teTnj)eratxire  is  noted  every  5°  and  the  bottle  tilted  till  the 
oil  flows.  When  the  oil  l)ecomes  solid  and  will  not  flow,  the 
previous  5°  point  is  taken  as  the  cold  point  of  the  oil.  In 
the  naval  service  a  low  cold  point  is  required  only  on  ice 
machines.  All  ice-niachiiie  oils  should  have  a  cold  point  of 
minus  \[f  Fah.,  which  will  permit  a  brine  femperat ure  ol 
minus  20。  Fah.  Oils  used  on  motor-boat  engines  should  have 
zero  cold  test  if  the  boats  are  used  in  cold  climates.  The 
lubricating  oils  refined  from  asplialte-base  crudes,  or 
Southern  crudes,  have  a  natural  cold  point  around  zero 
degrees  :  these  oils  do  not  show  cloudiness  before  solidifying. 
The  oils  from  paraffin-base  crudes,  or  Northern  crudes,  must 
he  run  through  the  filter  presses  to  squeeze  out  the  paraffin 
before  a  low  cold  test  can  be  obtained. 

Viscosity ― The  viscosity  of  a  lubricating^  oil  is  the  niyst 
important  constant  to  be  deter  mined.  The  viscosity  of  an 
oil  is  inversely  proportional  to  it's  fluidity  and  is  a  measure  of 
its  internal  resistance,  or  resistance  to  flow.  The  absolute 
viscosity  is  determined  from  the  am  omits  flowing  through 
capillarv  tubes,  the  results  being  given  in  C.G.S.  units.  The 
determination  of  the  absolute  viscosity  is  a  very  difficult 
operation  requiring  com j)] ex  apparatus  and  a  relatively  long 
time.  Several  absolute  viscosi meters  have  been  invented  :  but 
to  date  none  of  them  are  considered  practical  enough  for  the 
routine  testing  of  oil.  The  accepted  theory  advanced  by 
Ubhelohde  is  that  the  viscosity  (absolute)  is  directly  propor- 
tional to  the  internal  friction  of  the  lubricant,  and  that  the 
viscosity  is  a  direct  indication  of  the  friction  developed  in  a 
bearing. 

Under  normal  conditions  of  bearing  lubrication,  the 
lightest  oil  that  will  prevent  seizing  should  be  used  to  obtain 
a  niininium  frictional  loss.  Friction  tests  as  shown  by  the 
station's  friction  machine  are  comparative  only,  the  results 
being  simply  the  friction  obtained  by  using  various  oils  on 
this  particular  bearing.  Tests  have  been  rii ade  that  show 
that  the  friction  is  directly  proportional  to  the  viscosity  of 
tlie  oil  at  the  temperature  of  the  bearing. 

Eiimlsion  Tests ― The  method  of  conducting  the  test  is 
described  in  the  memorandum  quoted  at  the  beginning  of  this 
article.  The  emulsion  is  made  with  distilled  and  salt  water, 
and  a  normal  caustic-socla  solution  is  also  taken,  as  there  is 
a  possibility  of  water  containiiie^  boiler  compound  getting  into 
the  system.  Boiling  distilled  water  is  used  in  case  gland 
steam  or  water  runs  into  tlie  oil  system .  These  emulsion  tests 
are  considered  of  tlie  greatest  importance,  as  an  oil  on  any 
type  of  forced  lubrication  system  must  not  errmlsify.  If  emul- 
sions do  occur,  it  will  mean  clo'e^ging  of  the  oil  lines,  forming 
of  residues  in  the  base  of  the  bearings,  with  a  resultant  loss 
of  a  large  am  omit  of  oil. 

Practical  Tests 一 All  oils  subinit-tecl  for  forced  lubrication 
purposes  are  given  a  working:  test  on  the  Experiment  Station 
75  kw.  turbo-tjenerator  for  100  hours,  with  the  generator  run- 
ning at  2,400  revs,  per  minute.  The  oil  is  placed  in  the  main 
hearing:,  which  h?s  riner-feed  lubrication,  and  a  careful  record 
is  made  of  the  temperatures  and  of  the  amount  of  oil  required 
to  keep  the  reservoir  full.  After  the  test  t^e  bearing  and 
iounial  are  evaniined  and  the  oil  is  analysed  and  tested.  From 
the  examination  after  use  in  the  turbine,  the  action  of  an 
oil  in  service  can  be  predicted  as  far  as  its  lubricating  value 
is  concerned.  Service  tests  are  made  on  board  ship,  and  it  is 
a.  comparatively  easv  matter  to  obtain  satisfactorv  oils  by 
the  eniplovrnent  of  the  tests  enumerated  and  from  the  large 
amount  of  data  accumulated  at  the  Experiment  Station. 
Whether  a ii  oil  will  prove  satisfactorv  can  be  closely  pre- 
fHrtecl  ])v  a  consideration  of  the  results  obtained  on  the  pre- 
liniiiiai'v  tests. 

Special    Test's ― Due    to  the    relatively    small  amount  of 
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information  obtainable  on  the  action  of  lubricants  in  service, 
it  is  necessary  to  continually  develop  new  tests  in  order  that 
the  new  types  of  machinery  may  l)e  ])roperly  lubricated.  At 
present  the  study  of  oils  after  several  Inind red  hours'  use  in- 
service  is  being  made.  Particular  attention  is  beiiii^  paid  to 
the  loss  of  oil  by  vaporisation  or  volatilisation,  and  the 
resulting  characteristics  of  the  remaining  oil  in  the  system. 


ELECTRIC  POWER  AND  COAL  ECONOMY. 

In  his  prcsideiitial  add ress  delivered  before  the  Birniingham 
Association  of  Mechanical  Engineers,  Mr.  R.  A.  Chattock, 
the  city  electrical  engineer,  in  referring  to  the  waste  of  coal 
that  takes  place  in  this  country,  suggested  that  the  trans- 
formation of  the  energy  in  coal  into  electrical  energy  should 
be  made  compulsory  in  the  case  of  all  users  of  coal  for  power 
purposes.  He  remarked  that  the  Committee  of  the  British 
Association  appointed  to  report  upon  the  subject,  so  far  as 
their  deliberations  had  gone,  led  one  to  believe  that  the 
greatest  economy  in  the  use  of  coal  could  be  obtained  by  gasi- 
tying  it  and  recovering  its  valuable  by-products.  It  was  impos- 
sible for  individual  manufacturers  to  do  that  with  anything 
like  the  economy  that  could  be  obtained  if  the  whole  of  the 
coal  used  in  the  country  were  so  treated  at  certain  convenient 
centres.  The  transformation  of  the  energy  in  the  coal  into 
electrical  energy  was  the  one  link  that  rendered  a  scheme  of 
that  kind  possible,  because  if  all  the  coal  consumed  in  the 
country  was  so  treated  at  certain  cen Ires  the  energy  produced 
would  have  to  be  transmitted  all  over  the  country  for  use 
wherever  it  was  required,  and  the  only  way  of  doing  that  with 
a  reasonable  capital  expenditure  was  electrically.  Electrical 
energy  could  now  be  efficiently  applied  to  all  purposes  for 
which  coal  was  used,  and  if  energy  could  be  produced  and 
trans.Tiitted  at  a  figure  that  compared  favourably  with  what 
it  ill  present  cost  the  consumer  to  supply  himself,  the  justifi- 
cation for  such  a  scheme  was  made  out.  The  production  of 
electrical  energy  ironi  such  a  scheme  at  a  cost  fai*  below  that' 
which  obtained  at  the  present  time  would  make  it  possible 
for  all  users  of  coal  economicaily  to  use  electrical  energy  in 
substitution  for  coal.  It  was  doubtful,  however,  owing  to  the 
conservative  nature  of  the  average  man,  whether  such  a 
change  could  be  brought  about  quickly  enou'-^h  to  justify  the 
erection  of  the  large  super-stations  that  would  be  necessary, 
and  to  make  them  pay  for  themselves  within  a  reasonable 
time,  unless  special  steps  were  taken  for  the  purpose.  Com- 
pulsion might  be  exercised  directly  by  Government  control 
of  the  coal  supply  of  the  country,  or  indirectly  by  putting  a 
tax  upon  all  users  of  coal  who  coiisunied  it  in  an  uneconomical 
manner,  the  tax  being  utilised  for  financing:  a  scheme  of  the 
kind  indicated  until  it  became  self-supporting.  Com  pulsion 
would,  in  the  author's  opinion,  be  justified,  havinq;-  regard  to 
the  national  importance  of  the  results  tliat  would  be  obtained 
by  the  proper  conservation  of  the  coal  supply  of  the  country, 
by  the  eiinunation  of  smoke  from  the  atmosphere,  by  the 
possibility  of  giving  a  supply  of  power  to  manufacturers  and 
other  users  at  a  figure  so  low  that  it  would  represent  a  saving 
in  their  cost  of  production,  and  by  relieving  the  coiie:estion 
on  the  railways  owing  to  the  reduced  traffic  in  coal,  which  at. 
present  had  to  be  delivered  all  over  the  country,  and  under 
the  siijrijested  scheme  would  only  have  to  be  delivered  by 
special  liiies  to  certain  centres. 


NEW  PATENTS. 

Sprcifirnf  io7)s  of  fh  c  JitUoiring  arc  7101"  jmhJish  cd,  trr  shtiU 

hr  plrasff]  in  forward  ,  "/〃V.s  j/itst  free  on  rpn'ipt  of  Sd.  A  <I<]rrss 
" M crhaiiiral  Eti(/h"'rr，"  /"'.?，  A' r ir  Bnihy  Street,  ]\! a nchc.it cr. 

MECHANICAL,  1915. 

Valves     Matthewman.  0202. 

Spindle  nionntiiigs  and  Ii(»ariiif:!;s  for  t'lrn't  latlios  and  so  row  ma 

(-■liines.    Cono.  1082H. 
Turrot  lathes.    Cono.  10830. 

Air-siipply    regulatirfT-clevices    for    int  M-iial  combustion  engines. 

Cole.   ^Inrf'ho:.t.   ik   Morley,  Brailsford,   and  Spooncr. 

12098.  " 
Apparatus  for  tlie  recovery  of  m-^tals  from  their  ores.  Koeriiig 

Cyanidinc^  Process  Company,  and  Koering.  12137. 
Hoisting  appliances.    Pickering  &  Garrard.  13547, 
Propellers.    Dickson.  13579. 


Power  actuated  hammers.    Blacker.  13645. 

(ias  engine  slide  valve  mechanism.    Haury.  13792. 

Production  of  granulated  or  finelv-di vided  metals.  Eemington. 

mm.  I 

H(»Iler  heariii j;s.    Sankoy  it  Smith.  14156. 
^1  iu'hines  for  grinding  twist  drills.    Best.  14198. 
Apparatus  for  use  with  compressed  gases.    Hall.  14o3o. 
(ias  fired  fu rnace.    Price.  14668. 

Motor  wagons.    Deighton's  Patent  Flue  and  Tube  Company,  and 

Lewin.  14685. 
Incinerators  or  refuse  destructors.    AVallis.  1479^5. 
Alloy.    Knehiirich.  14939. 

Facing,  recessing,  and  c-ounter-siiikiiig  tool.    Bilham.  15529. 
Inter  11  al-comhustioii  engines.    Funck.  15546. 

Weld  less    couplings    for    railway  wagons.     Weldless  Couplings, 

Ltd.,  and  Pilot.    15588.  ' 
Valve  mechanism  for  internal  combustion  engines.  Howard.  15618. 
Means  for  consuming;  smoke  in  boiler  furnaces.    Bond.  16026. 
Method  of  operating  coal  gas  plants.    White.  16269. 
Cutting  and  grindl ng  machinery.    Wharracl  &  Knowles.  17327. 
Sparking    plugs     for    internal-combustion    engines.  Newman. 

17330. 

Expansion  joints.    Young.  17703. 

Expanding  tool  for  recessing  holes  in  condenser  plates.  Gillespie. 
18181. 

1916. 

Fire  bridges  for  boiler  furnaces.    Tye,  J.  P.  1460. 

Lubrication  of  internal  combustion  engines.    Baylis,  A.  S.  2158. 

Couplings  for  transmitting  rotary  motion  at  a  variable  angle. 

Hasler    Akt.-Ges.   vorni.    Tclegraphen    AVerkstatte    von  G. 

Hasler.  3606. 

Explosion  engines  coupled  to  dynamos.    8oc.  Anon,  des  Etablisse- 

ments  L.  Bleriot.  3817. 
Apparatus  for  spraying  liquid  fuel  and  mixing  it  with  air  in 

internal  conilmstion  engines.    Schniid.  A.  4349. 
Pumping  installations.    Lagorara.  5348. 

Out'  way  friction    rlutch.     Royce,  F.  H.,  Day,  B.  I.,  and  Rolls- 
Roy  re.  77()*1. 

Luhi  icatioii    of    pressure  f(Ml    hearings.      Svenska  Tiirbiiifabriks 
Aktiebolaget  Ljniiji;stroin.  11929. 

ELECTRICAL.  1915. 

Insulators  for  electrical  resistances  and  conductors.  Woodhouse. 
12193. 

Telephone  systems.    Datzevitch.  12404. 

Electric  selective  devices.    Morse,  and  Indo  European  Telegraph 

Company.  13614. 
l《ogii】ati(m  of  dynamos.    Thury.  13801. 
Electric  arc  lamps.    Railing  &  Angolcl.  16694. 
Thermo  electric  couple.    Foster.  17185. 

1916. 

Means  for  controlling  and  regulating  electric  motors.  Tgraniic 

Electric  Company.  8754. 
Electrical   resistances.     Clarke,    Chapman.   &    Co.,   and  Harris, 

R.  C.  1724. 

Telephone  systems.     Automatic  Telephone  IMaiinfactnring  Com- 
pany. 7100. 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  17th. 

Ahiniiniuni  ingot    ——   per  cwt. 

，，         wire,  accordin^^  to  sizes,  &c  from  ―  " 

,,         sheets  ，，   ,，  —— 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   1/4^  per  lb. 

，，    tu bes  (bra/rd)    ，， 

，，        ，， (solid  drawn)    1/4|  " 

，，        "    wire    ，, 

Copper,  Standard    £123/10/-  per  ton. 

Iron,  Cleveland    87/6  ，， 

,，    Scotch    ——  " 

Lead,  En^dish   £32/5/-  ，， 

" Foreign  (soft)   £30/10/- ，， 

Mica  {in  orifiinal  cast  s),  small   Od.  to  3/-  per  lb. 

,,  ，,        ，,         media m    3/6  to  6/ -  " 

,，  ，，       ，，         large    7/6  to  14/- ,， 

Quicksilver    £17/12/6  per  bottle. 

Silver    32^d.  per  oz. 

Spelter  (American)   £50/-/-  per  ton. 

Tin,  block    £178/10/-  per  ton. 

Tin  plates,  I.C   30/-  per  box. 

Zinc  sheets    £72  per  ton. 
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==FLEXIBLE== 
METALLIC  TUBING 
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Unification  of  Electric  Light  and  Power  Distribution. 

The  question  of  coal  economy  is  one  of  paramount  importance 
at  the  present  time,  and  its  possibilities  have  been  clearly 
demonstrated  by  the  conservation  of  the  electrical  energy 
developed  in  large  central  stations  for  light  and  power.  It 
was  to  this  end  mainly,  apart  from  its  other  advantages,  to 
which  we  think  the  majority  of  the  country  has  subscribed 
after  one  summer's  experience  of  the  Daylight  Savings  Bill, 
that  this  pieoe  of  legislation  was  devoted.  The  effect  of  this 
in  diminishing  the  coal  requirements  of  large  towns  has  been 
so  striking  and  the  saving  on  this  account  alone  so  great,  run- 
ning in  many  cases  to  tens  of  thousands  of  pounds,  that  there 
is  little  doubt  it  will  become  a  permanency.  Every  ton  of 
coal  economised  means  so  mucli  more  available  for  the  navies 
of  ourselves  and  our  allies.  There  are  still  other  directions 
in  connection  witli  the  generation  and  distribution  of  elec- 
tricity in  which  immense  savings  are  possible,  as  was  clearly 
shown  in  two  papers  read  before  the  last  meeting  of  the 
British  Association  ：  One  by  Mr.  C.  H.  Mertz  on  electric  power 
distribution  suggested  how  economies  could  be  effected  by 
greater  unification  in  the  methods  employed  ;  the  second  by 
Mr.  L.  P.  Sloan  giving  a  record  of  what  has  so  far  been  accom- 
plished on  the  north-east  coast.  This  district  has  lent  itself 
more  readily  to  centralisation  and  unification  owing  to  the 
fact  that  it  is  in  a  district  in  which  enormous  amounts  of 
power  are  required,  and  that  it  has  also  been  possible  to 
develop  this  to  a  large  extent  from  the  heat  of  blastfurnace 
and  coke  oven  gases  which  not  many  years  ago  was  thrown 
away.  Greater  co-ordination  between  the  various  power  com- 
panies has  resulted  in  the  attainment  of  a  more  constant  load, 
i.e"  a  better  load  factor  and  to  a  steadily  increased  demand 
for  power,  the  amount  of  energy  at  present  supplied  being 
no  less  than  343,000  h.p.  The  fact  that  this  is  about  one- 
fifth  of  the  total  power  used  in  this  district  shows  how  large 
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ri  margin  remains  open  for  exploitation.  The  advantages 
accruing  aro  so  manifest  that  the  adoption  of  electricity  lias 
become  a  more  or  less  automatic  process.  The  district  has 
attracted  new  industries  purely  on  account  of  the  cheap 
power  available,  and  led  to  extensions  of  existing  ones  owing 
to  saving  of  capital  which  would  otherwise  have  been  neces- 
sary to  instal  industrial  power  requirements.  The  area  now 
served  by  the  chief  electrical  power  stations  on  the  north-east 
coast  now  extends  over  1,400  square  miles  of  country,  and 
stretches  70  miles  between  its  northern  and  southern  extre- 
iriities.  Tlie  co-ordination  of  tlie  various  systems  has 
entailed  a  ^certain  anioiuit  of  time  and  money  to  secure 
uniforniitv  as  regards  a  standard  system  and  frequency,  much 
of  whicli  would  doubtless  have  been  saved  by  closer  co-opera- 
tion at  ail  earlier  stage.  But  this  only  emphasizes  tlie 
ccononnc  aspects  of  uniformity  and  of  large  schemes  of  elec- 
tric power  distribution,  as  only  by  such  means  can  the  impor- 
tant items  of  steady  load  factor  be  secured.  In  this  respect, 
as  Mr.  Mertz  pointed  out  in  liis  paper,  there  is  great  room 
for  i  nproveinent.  In  tlie  past  each  inmiicipal  area  has 
(_lea】t  with  its  wants  separately,  with  the  result  that  the 
average  size  of  generating  machine  is  only  a  fraction  of 
"•hat  it  oiiglit  to  be  for  economical  working,  or  what 
it  would  be  if  the  district  was  only  a  unit  in  some  larger 
scheme.  The  consequence  is  that  large  power  users  are  choked 
off  tlie  supply  to  begin  witli  and  driven  to  rely  upon  their  own 
|)lai!t,  which,  once  installed,  they  are  afterwards  disinclined  to 
sacrifice  unless  some  compensating  advantage  can  be  offered. 
The  growth  of  small  central  power  stations  thus  becomes 
inimical  to  the  general  welfare.  If  the  community,  he  rightly 
points  out,  is  to  benefit  by  the  electric  supply  industry  being 
given  the  maximum  chance  of  development,  and  if  the  erec- 
tion of  the  most  economical  generating  machines  iii  the  best 
possible  positions  for  economical  production  is  to  be  secured 
and  insisted  upon,  as  it  must  be,  by  some  central  authority, 
the  first  aim  of  which  is  the  establishment  in  each  industrial 
district  of  a  common  inter-connected  electrical  power  distribu- 
tion system.  The  attainment  of  such  an  ideal  is  more  easy  to 
secure  in  this  country  than  in  others  on  account  of  its 
('miipact  nature,  but  it  does  demand  co-operation  and  joint 
working  between  different  centres  in  order  to  secure  complete 
unified  systems  of  electric  mains  and  the  erection  of  the 
power  plants  in  most  suitable  locations.  The  present  hap- 
hazard method  of  fixing  cycles,  voltage,  and  nature  of  current 
are  aptly  illustrated  in  Mertz's  paper.  The  metropolis  is  a 
striking  example.  Within  the  area  of  Greater  London  there 
are  no  less  than  70  authorities  and  an  equal  mimber  of  gene- 
rating stations.  The  average  size  of  units  is  only  632  kw.， 
while  there  are  no  less  than  49  types  of  systems  of  generation, 
including  10  different  frequencies,  24  different  voltages  for 
distribution,  and  over  70  difTerent  methods  of  charging  and 
price.  These  defects,  wliicli  speak  for  themselves,  have 
been  repeatedly  dilated  upon  by  reformers,  but  during 
tlie  war  it  is  impossible,  of  course,  to  expect  them 
to  be  fully  remedied.  There  is,  however,  room  for 
improvement  in  many  directions  which  the  present 
circumstances  may  })e  sai(】  to  favour  rather  than  to 
oppose.  Steps  of  the  kind  we  allude  to  have  already  been 
taken  in  Lancashire  and  Cheshire,  where  the  various  authori- 
ties, after  consultation,  have  worked  out  a  scheme  for  inter- 
connection so  that  various  districts  may  act  as  reserves  or 
stand-bys  to  each  other,  thereby  reducing  not  only  the  risk  of 
interruption  but  at  the  same  time  increasing  the  load  f actor 
and  (iirninisliiiic^  power  cost.  The  committee  who  have  had 
the  matter  in  hand  have  (livid ed  tlie  area  into  six  groups,  of 


which  five  lend  themselves  to  the  scheme,  and  from  estimates 
that  have  been  got  out  it  is  expected  that  by  suitable  linking 
up  of  various  systems  the  consumption  of  coal  per  unit  will  be 
reduced  from  3'241bs.  to  2'741bs.，  a  saving  of  over  16  per  cent. 
At  the  pre-war  price  of  17s.  6d.  per  ton  this,  it  is  stated, 
would  represent  an  annual  saving  of  £82,000,  or  about 
94,000  tons  of  coal,  or  at  tlie  present  price  of  45s.  would 
represent  over  £210,000.  This  only  sliows,  of  course,  the 
potential  economies  of  one  district.  There  are  others  scat- 
tered over  the  country  equally  open  to  improvement  and  all 
pointing  with  equal  force  to  the  need  for  a  carefully -thought- 
out  system  of  national  electric  power  supply. 


THE  USE  OF  STEEL  CONDUCTORS  FOR  TRANSMISSION 
LINES.* 

,         BY  H.  B.  DWIGHT. 

Although  the  tests  to  determine  the  electrical  properties  of 
steel  wires  and  cables  are  incomplete,  tliey  nevertheless  show 
some  attractive  possibilities  from  both  commercial  and 
engineering  points  of  view  for  the  use  of  steel  instead  of 
copper  for  certain  classes  of  work.  Already  small-sized  steel 
conductors  have  been  used  with  success  in  America,  and  this 
practice  may  be  extended  by  a  knowledge  of  the  charac- 
teristics of  large  steel  cable. 

The  resistance  of  an  iron  or  steel  conductor  is  considerably 
greater  for  alternating;  current  than  for  direct  current-.  This 
is  partly  due  to  the  skin  effect ~ that  is,  the  crowding  of  the 
alternating  current  to  the  outside  part  of  tlie  conductor—and 
by  hysteresis  or  iron  losses  caused  by  the  alternating  magnetic 
flux  in  tlie  steel.  Although  high-grade  steel  wire  proved 
to  be  the  best  conductor  for  direct  current,  on  account  of  its 
higher  permeability  to  magnetism  it  lias  a  higher  resistance 
to  alternating  current  than  a  low-grade,  less  expensive  con- 
ductor. Thus  the  cheaper  grade  was  found  to  be  more  suit- 
able for  alternating-cu rrent  work.  This  conclusion  is  also 
stated  ill  a  recent  Bulletin,  No.  252,  of  the  Bureau  of  Stan- 
dards, Wasliington,  D.C.  The  Bureau  tests  show  that  at  com- 
mercial frequencies  the  increase  of  resistance  is  approximately 
proportional  to  the  frequency.  It  is  of  interest  to  note  that 
increasing  the  number  of  wires  in  a  cable  decreases  zhe  reac- 
tance, while  increasing  the  size  of  the  wires  increases  the 
reactance.  Another  point  brought  out  by  the  test  is  that  a 
large  part  of  the  magnetisation  is  caused  by  the  spiraling  of 
the  wires  in  the  cable.  If  the  spiraling  of  the  different  groups 
of  wires  is  properly  reversed,  the  increase  of  effective  resis- 
tance, while  increasing  the  size  of  the  wires  increases  the 
ing  of  one  layer  of  wire  is  clockwise,  the  next  should  be 
counter-clockwise. 

The  effective  resistance  and  reactance  of  a  steel  conductor 
increases  as  the  current  increases.  This,  however,  only  con- 
tinues to  a  certain  point  where  the  effective  resistance  begins 
to  decrease  again.  In  both  cases,  especially  in  large  cables, 
the  decrease  is  very  slow  and  the  resistance  is  maintained 
approximately  at  its  maximum  value  for  large  value  of 
current.  This  property  should  prove  useful  in  transmission- 
line  work,  for  the  conductor  will  have  a  low  impedance  to  the 
normal  load  current,  but  will  have  about  twice  as  mucli 
impedance  to  the  current  flowing  in  case  of  a  short-circuit. 
The  impedance  will  also  be  large  in  high-frequency  surges, 
caused  by  switching  or  lighting.  It  may  prove  more  econo- 
mical in  certain  cases  to  protect  a  line  ag^ainst  short>circuits 
and  surges  by  using  steel  conductors  than  by  installing 
current -】 iniiting  reactors  or  by  increasing  the  reactance  of  the 
transformers.  This  property  may  also  he  used  in  the  case  of 
feeders  of  direct-current  inter-urban  railways.  If  the  feeder 
be  a  steel  cable,  it  will  have  low  resistance  to  direct  current 
but  high  resistance  to  alternating  current.  It  will  therefore 
tend  to  dampen  out  the  suddenness  of  short-circuits  and  light- 
ning surges,  which  cause  synchronous  machines  to  flash  over. 

If  the  feeders   are   made  of  steel,   and   especially  if  the 

*  Abstract  of  paper  rear)  at  a  ioint  meeting  of  the  Association  of  Iron  and  Steel 
Klectrica.l  Knt^inecrs  and  the  American  Institute  of  Electrical  P]ngineers.  Sep- 
tember, inifi. 
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stninding  be  coarse,  the  rcquirod  pr(",ed'i()n  will  be  still  moro 
complete.  Steel  conductors  would  probably  bo  ecom 川 li ('； il 
only  where  it'  is  allowable  to  use  baro  ca))le,  as  the  increased 
amount  of  insulating  covering  required  for  large-sized  stee.I 
cables,  compared  with  copper  ones  of  the  same  conductivity, 
would  greatly  increase  the  cost  of  the  former.  The  higher 
conductivity  of  steel  for  direct  current  than  for  alternating 
current  makes  the  use  of  bare  steel  cables  for  direct-current 
feeders  more  economical  than  for  alternating  current.  A  steel 
cable  has  about  eight  times  as  much  resistance  to  direct 
current  as  a  copper  cable  of  the  same  size  ami  seven  times  as 
much  resistance  as  a  copper  cable  of  the  same  weight,  since 
copper  is  more  dense  than  steel.  Galvanised  steel  cable 
usually  costs  less  than  one-seventh  as  much  per  pound  as 
copper  cables,  and  so  should  be  more  economical,  other  things 
being  equal. 

A  large  60-cycle  power  system  in  the  State  of  Washington 
makes  use  of  a  considerable  quantity  of  No.  8  iron  wire  for 
short  tap-offs  and  lightly  loaded  branch  lines  on  6,600-volt 
circuits,  without  serious  trouble  resulting  from  voltage  drop. 
The  iron  wire  is  far  cheaper  than  No.  6  copper.  One  line 
built  by  the  company  is  an  example  showing  that  it  may  be 
profitable  to  supply  a  surprisingly  small  load  at  a  distance  of 
several  miles.  This  line  is  10  miles  long  and  was  originally 
built  with  No.  8  copper-clad  steel  to  supply  a  50  h.p.  load  at 
6,600  volts.  The  line  afterward  carried  110  h.p.  for  some 
time  and  was  later  changed  to  No.  6  copper  in  order  to  have 
a  capacity  for  a  still  greater  load.  An  example  from  Minne- 
sota shows  the  use  of  a  somewhat  larger  steel  conductor.  This 
line  operates  at  40,000  volts  60  cycles,  and  is  20  miles  long. 
No.  4  galvanised  steel  cable  made  of  three  wires  is  used.  The 
load  is  about  300  kv.-a. 

Besides  being  cheaper  than  a  copper  cable  for  small  branch 
lines,  the  steel  cable  has  the  advantage  of  being  mechanically 
stronger  and  less  liable  to  be  burned  through  by  arcs.  The 
steel  is  therefore  of  greater  reliability  at  times  of  wind  storms 
and  at  times  of  electrical  breakdowns  or  trouble.  Steel 
cables  are  subject  to  the  disadvantage  that  their  useful  life 
is  sHorter  than  that  of  copper  cables,  especially  near  the  sea- 
shore, where  galvanised  steel  is  more  quickly  oxidised. 

The  price  per  pound  of  copper  cable  may  be  assumed  as 
being  ten  times  that  of  galvanised  steel  cable.  This  ratio  is 
a  usual  one,  being  approximately  true  for  times  when  prices 
of  metals  are  low  as  well  as  times  when  prices  are  high.  From 
the  data  available  it  seems  probable,  considering  a  heavy 
transmission  line  complete  with  towers  and  insulators  where 
an  extra  weight  of  steel  conductor  would  be  troublesome,  the 
cost  will  be  approximately  the  same  for  the  two  materials. 
However,  there  are  many  cases  where  extra  strength  and  size 
of  steel  cables  are  advantageous,  and  so  at  present  the  chief 
attention  should  be  given  to  the  classes  of  work  where  steel 
can  show  other  advantages  than  merely  low  cost  on  a  basis  of 
carrying  capacity  for  alternating-current  power.  On  very 
high  voltage  transmission  lines  where  the  corona  limits  deter- 
mine the  size  of  conductors,  the  steel  conductors  have  an 
opening  for  use  on  branch  lines  sii])plying  a  few  thousand 
'kilovolt-amperes  on  net  works  of  100,000  volts  and  higher , 

In  conclusion  it  has  been  shown  that  large  steel  cable,  if 
properly  manufactured,  can  be  used  for  carrying  alteriiatiiig 
current.  It  appears  that  the  chief  opportunity  for  the  use  of 
steel  conductors  is  on  branch  lines  where  the  size  of  copper 
required  merely  for  the  electrical  loads  would  be  too  small  to 
use.  However,  in  all  cases  steel  conductors  will  be  nearly  as 
cheap  as  copper  ones,  if  not  cheaper,  and  the  use  of  steel  will 
always  increase  the  reliability  of  the  transmission  i>ystein. 


SUGGESTED  STANDARDS  FOR  PATTERN  PARTS. 

In  a  paper  read  at  tlie  recent  annual  meeting  of  the  American 
Foundrymen's  Association  Mr.  W.  W.  Carlson  advanced 
certain  standards  for  pattern  parts  and  recommended  a 
system  of  colours  for  parts  of  patterns  to  show  the  finish  of 
the  various  surfaces  of  the  casting.  Thus,  if  a  casting  is 
moulded  with  the  surfaces  that  are  to  be  machined  at  the 
bottom  of  the  mould,  there  will  be  less  likelihood  of  these 
rill rf aces  being  imperfect  due  to  slag,  dirt,  and  other  impurities, 
than  if  they  were  at,  the  top.  Colouring  the  pattern  to  indi- 
cate wliicli  are  macliinecl  and  which  are  rough  surfaces  will 
often  enable  tlie  moulder  to  so  bed  his  patterns  as  to  bring  tlie 


iiiacluned  surfaco  ;it  t  he  hoUoiii.  Tlic  lollowinj^  h('Ii(' 山 of 
colours  \H  recommended  : ― 

Rough  casting   Yellow. 

M acliiued  surfaces   K (； d. 

Core  prints   】{la('k. 

Pattern  join  la   Natural  slicllfu:. 

Paitoni  boards   Hlack. 

Tliese  colours,  the  author  says,  may  not  be  ideal  Imt  iliey 
lill  tlie  purpose  admirahly.  In  a  modified  form  iliey  are 
already  in  use  by  slecl  manufacturers,  and  so  he  feels  it-  would 
be  an  easy  ni alter  to  settle  on  some  one  plan  tliat  would  soon 
bec:ome  generally  used.  The  objection  that  is  sometimes  put 
forth  against  colour  schemes  is  that  they  add  to  the  expense, 
yet  every  pattern  worthy  of  the  name  should  be  properly 
coated  to  protect  it.  The  expense  of  this  coating  is,  he  added, 
a  small  percentage  of  the  total  cost  of  the  pattern  ；  the 
f^^clditional  expense  of  the  added  colours  is  slight  and 
disappears  when  the  advantages  gained  are  considered. 

Another  suggested  system  of  standards  is  that  of  core 
prints.  The  accompanying  illustration  shows  the  system 
adopted  in  the  shops  of  the  Kansas  State  College.  As  will 
be  noted,  the  vertical  core  prints  have  different  tapers  for  the 
upper  and  lower  ends.  This  taper  is  found  to  be  sufficient 
but  not  excessive,  and  it  is  believed  it  will  fit  all  average 
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conditions.  The  sliankrj  are  all  turned  to  the  same  dianieters 
so  that  certain  prints  can  be  removed  and  others  substituted 
of  whatever  size  is  desired.  The  author  enumerates  commend- 
able points  of  the  prints  as  follows  :  (1)  There  is  a  saving  of 
time  in  making  patterns  by  having  core  prints  on  hand. 
(2)  There  is  a  decrease  in  expense  due  to  the  fact  that  appren- 
tice boys  or  low-wage  help  can  be  used  instead  of  the  more 
highly-paid  pattern-makers.  (3)  Ease  of  changing  the  size 
of  core  prints  on  a  pattern  for  pulleys  and  in  various  places 
where  varying  holes  are  required,  is  of  value.  (4)  Since  the 
tapers  oil  the  vertical  prints  are  the  same  it  is  much  easier 
n  nd  surer  to  secure  properly  fitted  cores  in  the  core  prints. 

(5)  As  will  be  noted,  the  horizontal  print  has  an  increased 
diameter  next  to  the  pattern  to  aid  in  avoiding  crushing  the 
sand  next  to  the  mould  when    the    core   is   put    in  place. 

(6)  There  results  an  increased  rate  of  production  and  satis- 
faction to  the  workman  by  having  definite  written  instructions 
for  the  men  to  follow. 

The  accompanying  standard  list  gives  only  up  to  3|iu.  in 
diam,  with  a  length  of  IMn.  This  length  prevails  up  to  4in., 
where  the  length  changes  to  2in.,  which  continues  to  Gin. 
diam.  At  Gin.  the  length  becomes  3in.,  and  at  Sin.  the  length 
changes  to  4in. 

The  Society  of  Engineers. ― An  ordinary  meeting  will  be  held 
at  5-30  p. 111.  on  Monday,  November  6th,  at  Caxtou  Hall, 
Westminster,  S.W.,  when  a  paper  entitled  "Heating  and 
Ventilating  Private  Dwelling-houses/'  by  C.  T.  Alfred  Hans- 
sen,  F.S.E.,  A.M.Tnst.C.E.,  will  be  read. 
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WORKS  ORGANISATION. 


BY  A.  D.  C.  PARSONS,  li .  A .  .   KUWIN  L.  O RDE.  ANU 


[. T^VEDDKLL. 


At  tlie  present  moment  the  ])rubloiH  of  works  organisation 
is  one  of  extreme  importance.  No  one  can  say  definitely  what 
the  conditions,  as  affecting  the  engineering  trade  as  a  whole, 
will  be  after  this  great  war  lias  come  to  an  end  ；  but  it  seems 
certain  that  iuternatioual  competition  will  be  keener  tliaii 
ever,  as  soon  ?s  those  countries  at  present  at  war  have  had 
time  to  recover  from  the  strenuoMS  exertions  they  are  now 
putting  forward.  If  the  war  ends  in  the  way  in  which  we 
all  believe  it  will,  the  possibilities  offered  to  the  engineering 
trade  of  this  country  cannot  he  taken  full  advantage  of  unless 
the  industry  is  organised  in  all  its  branches  so  as  to  enable 
it  to  hold  its  own  in  those  markets  previously  supplied  by  the 
countries  who  are  now  our  enemies.  We  in  this  country  are 
undoubtedly  far  behind  Germany  in  organisation  generally. 
There  probably  never  was  a  better  example  of  highly- 
developed  organisation  than  the  German  nation  before  the 
war,  and  this  naturally  affected  those  industries,  such  as 
engineering,  which  were  destined  to  play  such  an  important 
part  in   war.      The   organisation    of    any    big  industrial 
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concern  is  the  work  of  years  ；  it  cannot  be  hurriedly  devised  ； 
nor  can  it  be  expected  to  work  smoothly  without  the  expendi- 
ture of  a  great  deal  of  thought,  patience,  and  constant  atten- 
tion. It  is  of  no  use  having  any  one  section  of  a  business 
beautifully  organised  if  otlier  sections  have  no  proper  scheme 
of  organisation,  for  the  results  of  the  whole  are  almost  certain 
to  degenerate  and  be  gauged  by  that  section  in  wliicli  tlie 
organisation  is  least  perfect .  It  is  therefore  necessary  to 
have  some  homogeneous  schenie  in  which  all  the  various 
departments  will  work  together  smoothly,  devised  with  the 
one  aim  in  view,  namely,  to  make  the  concern  a  paying  and 
successful  enterprise.  In  this  paper  it  is  proposed  to  divide 
the  question  of  works  organisation  into  three  main  parts 
covering  :  (1 )  manufacturing,  (2)  costing,  and  (3)  selling  of 
the  works  product. 

Part  1. ― Manufacturing  Or (； amsation. 
hy  a.  u.  c.  parsons. 

Ill  dealing  with  the  nianufacLuriiig  side  of  works  organisa- 
tion it  is  of  course  impossible  to  lay  down  any  definite  scheme 
which  will  be  applicable  Id  all  lines  of  manufacture.  The 
system  adopted  must  iieressarily  depend  upon  the  nature  of 
t  he  product  and  the  size  of  tlie  works  em  ployed  on  its  niaini- 
fart  lire.  There  are,  however,  some  features  which  will  always 
stand  out  as  essential  in  any  l)usiiiess  run  on  successful  lines. 
Manufart  urors  iti  t  his  couni  ry  lal)our  under  a  considerable 
(liKfidvanlage  as  compared  wit h  those  say  in  America,  in  thai- 
t  lie  manufactured  product  is  not  as  a  rule  so  standardised.  In 
the  latter  country  it  is  usually  the  case  that  the  manufacturer 

•  Paper  rca/1  before  tlio  Nortli-cast  CoaKt  Institution  of  Ent^inocrs  and  Ship- 
builders. 


has  a  much  greater  say  in  the  details  of  his  product  than  they 
do  in  this  country-  The  conditions  are  different  ；  labour  is 
more  expensive,  and  therefore  the  demand  for  mechanical 
power  is  greater. 

We  will,  however,  first  consider  the  question  of  those  works 
where  the  product  is  not  of  a  particularly  standard  type,  and 
then  take  the  case  of  some  of  the  more  elaborate  systems  of 
organisation  now  adopted  in  the  United  States.  We  must 
assume  that  the  design  of  the  apparatus  which  the  works  has 
to  manufacture  is  thoroughly  sound,  so  that  when  the  draw- 
ings are  complete  there  will  not,  be  numerous  alterations  to  be 
made  to  the  article  during  the  time  of  its  manufacture.  If 
this  is  not  the  case  the  general  organisation  of  the  works  is 
bound  to  be  seriously  affected.  It  is  not,  of  course,  supposed 
that  such  alterations  will  never  occur  ；  new  designs  embodying 
improvements  in  any  go-ahead  concern  will  be  continually 
put  forward  ；  but  with  a  good  designing  staff  such  changes 
after  the  design  has  been  approved  of  will  be  reduced  to  a 
minimum.  Much  progress  in  this  direction  will  be  made 
if  the  draughtsmen  would  always  consider  what  can  be  easily 
machined  and  inaimfactured  in  the  shops,  and  what  is  liable 
to  cause  difficulties.  Also  to  specify  materials  and  details 
which  they  know  to  be  kept  in  stock.  In  otlier  words,  the 
design  should,  so  to  speak,  be  built  by  tlie  diaughtsnien  before 
the  drawings  are  sent  to  the  shops.  Although  this  is  the 
ideal  there  will  be  many  cases  when  the  shops  consider  that 
some  alteration  might  be  made  with  advantage,  and  it  is 
only  by  continually  following  up  such  suggestions  that  the 
ideal  state  is  ever  approached.  The  i  esult  to  be  aimed  at 
is  quickness  of  inanut'acture,  which  en^iures  getting  the  maxi- 
mum production  out  of  tlie  plant,  thus  lowering  the  overhead 
or  establishment  charges,  and  cheapening  the  production. 

(Jentral  L((i/-out  of  Works. —— The  general  lay-out  of  works 
will  necessarily  have  a  great  effect  on  speed  ot  manufacture, 
and  it  is  in  this  respect  that  new  works  have  a  great  advantage 
over  some  of  the  older  ones.  In  mocleni  up-to-date  works 
the  "lacldnei'y  departments  form  maiu  parts,  the  assembling 
and  the  testing  departments  for  any  particular  type  of 
machine  are  usually  adjacent  to  one  another,  and，  if  possible, 
continuous.  This  obviates  any  unnecessary  handling  oi' 
material^  and  also  allows  the  foremen  in  charge  to  be  in  con- 
stant touch  with  one  another  without  leaving  their  depart- 
ments. Furthermore,  when  these  departments  can  be 
arranged  so  as  to  be  continuous  the  same  group  of  overhead 
cranes  can  serve  them  all，  thus  preventing  any  unnecessary 
dismantling  of  the  machines  when  placing  them  on  the  tesl- 
bed.  Also,  should  the  length  of  the  shop  permit  it,  the 
painting  and  dispatch  clejjartnients  can  with  advantage  be 
made  coiitiiiuous  with  the  testing  department.  If  this  can  be 
arranged  it  will  mean  that  the  raw  material  is  delivered  at 
one  end  of  tlie  shop,  is  manufactured  and  tested  in  that  aisle, 
('lud  is  ciispatciied  ccviipletecl  at  the  other  end  without  retrac- 
ing its  sLe])s. 

In  like  manner  the  detailed  departments  will  also  be 
placed  as  near  as  possible,  to  those  departments  which  they 
have  to  supply.  These  detail  departments  will  in  many  cases 
be  laid  out  to  manufacture  some  particular  details  required 
ill  large  quantities  by  the  factory.  They  will  therefore  be 
equipped  with  a  number  of  machines  of  the  same  type  con- 
trolled by  «'i  foreman  expert  in  this  line.  It  is  obviously  more 
economical  to  have  these  machines  grouped  iu  one  department 
instead  of  having  them  scattered  over  the  works,  it  also  has 
tlie  great  ad  vantage  of  preventing  any  uncertainty  arising  as 
to  where  a  particular  class  of  work  will  be  carried  out.  These, 
detail  depart  in  eiits  will  have  to  be  supplied  with  their  raw 
materials,  such  as  castings,  bar,  or  plate,  and  therefore  the 
stores  containing  this  raw  material  must  be  coiiveiiieiifcly 
placed,  to  ensure  an  easy  supply  witli  a  niiniiuum  amount  of 
handling. 

Possibly  the  most  convenient  way  of  dealing  with  tlie 
question  of  the  manufacturing  side  of  works  organisation  is 
to  consider  each  section  of  the  works  in  the  order  in  which 
these  sections  will  have  to  deal  with  any  particular  contract, 
and  then  to  discuss  some  system  of  production  designed  to 
follow  i.hrougli  tlie  manufacture  metliodically.  Two  natural 
divisions  present  themselves,  viz.,  (1)  preliminary  to  receipt 
of  contract,  (2)  after  tlie  contract  has  been  obtained. 

rrrliminari/  Work  2}rior  to  Receipt  of  Order, —— Before  an 
order  for  any  particular  machine  is  received  a  considerable 
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of  preliminary  work  lias  io  be  done  to  enable  an 
to  bo  i)r(、i);"."l  in  accorclaiu'o  with  the  speciHcations 
issued  by  the  iut.t、mUiig  piirchfisers.  To  do  this  the  esliitiat-in^' 
dcparlniei)t  must  be  supplied  with  the  necessary  information 
by  the  tlesignint?  staff  to  enable  the  former  to  detennine  what 
will  be  required  in  the  way  of  new  tools  and  special  appliances 
to  carry  out  the  manufacture  of  the  plant.  They  will  also 
require  to  know  with  considerable  accuracy  the  ainoiiut  of 
labour  and  material  necessary.  Tlie  inajorit-y  of  specifica- 
tions are  necessarily  somewhat  lengtliy>  and  it  is  therefore 
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Fig.  -2. 

essential  that  tlip  estimating  staff  should  be  thoroughly  com- 
petent to  investigate  all  details,  and  to  foresee  any  possible 
causes  of  trouble  and  expense  whicli  the  firm  might  be  put 
to  should  any  of  these  be  overlooked. 

Ill  deterniiiii!! the  time  promised  for  delivery  the  capacity 
of  the  works  and  the  number  of  orders  on  hand  must  be  care- 
fully considered.  Guesswork  must  be  as  far  as  possible 
eliminated,  for  if  the  manufacturer  can  live  up  to  these 
promises  his  reputation  will  be  considerably  enhanced.  Tt 
will  be  useful,  therefore,  to  have  some  graphical  represen- 
tation of  the  fullness  of  the  factory.  Fig.  1  shows  one  way 
of  arriving  at  this.  The  ordinates  in  Fig.  1  may  be  in  any 
convenient  unit  sucli  as  £'s,  h.p.,  kw.，  or  number  of  machines, 
but  in  many  cases  the  most  convenient  unit  will  be  ''  Machine 
time  per  week."  In  the  majority*  of  works  each  machine- 
tool  will  be  rated  at  a  certain  figure  per  hour,  depending  upon 
the  capital  expenditure  on  the  tool,  and  all  work  done  on  any 
particular  tool  will  be  charged  with  that  rate  per  hour. 

The  estimating  departitient  will  know  with  considerable 
accuracy  the  amount  of  macliiiie  time  necessary  in  the  inaiiu- 
factiu'e  of  a  plant,  and  if  by  means  of  some  equation  this  can 
be  spread  out  over  the  time  during  which  the  order  is  going 
through  the  works,  an  approximate  idea  can  be.  formed  as 
to  how  much  machine  time  will  be  expended  per  week.  This 
then  is  done  for  each  order  and  the  results  are  superimposed 
on  one  another,  thus  obtaining  a  curve  shown  by  the  con- 
tinuous line  in  the  figure.  It  is  also  possible  to  plot  the 
total  actual  machine  time  used  in  the  manufacture  of  these 
orders,  thus  giving  a  fair  idea  as  to  whether  the  output  bears 
a  satisfactory  relation  to  the  amount  of  work  actually  on  the 
books.  The  latter  curve  is  shown  dotted,  and  from  this  anieasure 
of  tlio  capacity  of  I  lie  works  can  be  i'ouud  by  averaging  up 
the  actual  machine  time  per  week  over  the  period  of  say  one 
year. 

Diagrams  of  the  nature  of  Fig.  1  ，  rough  though  they  may 
be，  slioulcl  prevent  totally  unreliable  promises  being  made  so 
I'ar  as  the  delivery  of  orders  is  concerned.  To  manufac- 
ture ail  article  cheaply  and  efficiently  it  is  necessary  that  every 
]>art  required  to  make  the  whole  shall  be  ready  by  the  time  it 
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is  wanted.  If  details  aro  iiol  to  liaiid  when  Micy  sliould  Ik;  il. 
ir.oans  l,h;il  iJie  work  of  aysemhlin^  1  hrsc  <lol ails  is  delayed, 
and  coiiHetjuejilly  llio  organisation  ot"  tJwil  (lo.])arl  irinit  ^really 
clitiiinislic(l.  It  is  tlicrel'ore  in  t  liis  dir<»ct  ion  t  liat,  ()r^aiMs;i- 
iion  plays  s)icli  an  important  part ,  and  in  order  to  follow 
ilirougli  a  solieiiie  wliicli  has  us  its  aim  ilic  prcveiiiion  of  si'(,li 
delays,  it  is  pmposed  to  trace  an  (mlw  through  Ihc  various 
departments  of  the  works  from  the  time  it  is  received  io  wlicii 
it  is  dispatched. 

Sh i^iil i/ing    the    Mmni facf  uri mj    /"/"/'〃〃〃〃"/. ― After  tin; 

contract  has  been  obtained  it  is 
best  to  determine  how  long  can  be 
given  to  the  various  operatioris, 
. such  as  drawings,  patten 卜， 
«二.  obtaining  raw  material,  such  j  s 
castings  and  forgings,  machining 
of  tliese  parts,  completion  ('f 
details,  assembling,  testing,  &c. 
One  very  convenient  means  of 
doing  this  is  to  lay  out  a  rough 
time  table  covering  the  various 
operations,  starting  with  the  deli- 
very date  and  working  backwards 
to  the  date  of  receiving  the  order. 
This  is,  of  course,  only  approxi- 
mate ； but  after  taking  into  con- 
sideration the  present  condition  of 
the  works,  it  can  be  estimated 
from  past  experience  how  much 
time  these  various  stages  in  the 
manufacture  will  occupy.  Any 
surplus  time,  should  there  be  any, 
can  be  apportioned  to  those 
departments  where  there  is  likely 
to  be  any  congestion. 

We  have  now  determined  how 
long  the  drawing  office  can 
be  given  for  completing  full 
working  drawings.  From  this 
a  list  can  be  prepared  which  is  sent  to  the  drawing  office 
specifying  when  full  manufacturing  information  for  the 
various  parts  must  be  sent  into  the  shops.  In  addition  ■  to 
the  full  working  drawings,  this  information  should  consist 


Fig.  3. 


of  a  full  detailed  specification  giving  particulars  of  drawing 
iminbers,  pattern  numbers,  and  complete  details  of  all  parts. 
The  necessary  numbers  of  copies  are  taken  from  this  specifi- 
cation and  each  department  co  iceined  in  tli_e  manufacture 
receives  a  copy.  As  soon  as  the  design  is  well  advanced,  the 
drawing  office  (or  in  some  works  the  purchasing  department) 
will  send  out  enquiries  for  such  forgings,  castings,  raw 
material,  and  completely  manufactured  parts  necessary  for  the 
manufacture  of  the  machine.  On  receipt  of  tenders  from  the 
outside  suppliers,  the  official  orders  will  be  sent  out  and  these 
will  state  clearly  by  what  date  the  materials  must  be  delivered. 

l^rofl nctiuH  IJe p<irt uttid , —- The  specification  sheets  fur- 
nished by  the  drawing  office  should  pass  through  the  produc- 
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tioii  department  on  their  way  to  the  shops.  It  is  the  work 
of  tins  department  to  see  that  all  details  required,  whether 
manufactured  in  the  works  or  supplied  from  outside,  shall 
come  to  hand  when  required  by  the  machining  or  assembling 
departments.  Some  method  must  be  adopted  whereby  all 
material  can  be  kept  trace  of  in  a  systematic  way,  for  on  this 
will  depend  the  satisfactory  feeding  of  the  factory.  The 
general  time  table  of  manufacture  is  based  on  the  expected 


Fig. 


delivery  of  the  material,  and  should  this  be  much  overdue  the 
time  given  for  the  completion  of  the  various  parts  must  be 
seriously  interfered  with.  It  is  therefore  essential  that  this 
work  shall  be  done  well  and  efficiently.  In  any  system 
designed  to  accomplish  tliis，  the  aim  must  be  to  anticipate  any 
possible  cause  of  delay  in  obtaining  material,  whether  due  to 
lateness  in  ordering  or  delay  in  delivering  by  suppliers. 

It  will  be  convenient  to  keep  a  record  arranged  in  a  suit- 
able form  enumerating  in  as  much  detail  as  is  thought  neces- 
sary those  parts  required  for  each  machine.  From  this  record 
the  production  department  can  see  at  a  glance  how  the 
material  is  coming  in,  what  remains  to  be  ordered,  and  what 
requires  to  have  pressure  applied  to  urge  forward  delivery. 
Fig.  2  illustrates  one  form  of  a  record  of  this  sort.  As  soon 
as  the  order  is  placed  those  columns  indicating  when  the  draw- 
ings will  become  due  can  be  filled  in  by  the  aid  of  the  rough 
time  table  which  has  already  been  laid  down  for  tJie  particular 
machine.  This  can  be  used  by  the  production  department 
in  keeping  the  drawing  office  advised  of  any  drawings  which 
are  unduly  delayed.  As  soon  as  the  drawings  are  complete 
they  are  forwarded  to  the  works  via  the  production  depart- 
ment, when  the  other  columns  under  this  heading  can  be 
filled  in.  The  specification  made  out  from  the  drawings  will 
follow  very  shortly,  and  from  this  the  first  two  columns  under 
heading  "pattern"  can  be  completed,  and  so  on  throughout 
the  table,  each  column  having  the  information  recorded  as 
the  work  proceeds. 

The  results  shown  in  Fig.  2  are  iakeii  from  an  actual  case, 
and  it  will  be  seen  that  the  results  obtained  agree  very  closely 
with  the  estimated  dates  as  to  when  the  drawings,  patterns, 
and  material  should  be  received.  Furthermore,  when  a 
number  of  such  records  for  different  niacliines  have  been 
collected  the  production  department  has  in  its  possession 
valuable  information  on  which  to  base  deliveries  for  future 
machines. 

When  the  specifications  have  been  received  by  the  works 
it  is  necessary  to  have  some  system  whereby  each  foreman 
can  at  any  time  see  what  his  shop  has  to  complete  and  by 
when.  It  is,  however,  important  tliat  tlie  clerical  work 
should  be  kept  down  to  the  minimum.  In  those  departments 
engaged  in  niachiuiug  large  pieces  there  is  comparatively  little 
diificulty,  for  the  uuiiiber  of  parts  are  few  and  move  slowly. 
Here  the  foreman  will  probably  find  that  the  specirDcatioiis 
marked  with  the  date  when  each  piece  must  be  complete  will 


prove  sufficient.  In  detail  departments  it  is  however  an 
entirely  different  matter.  The  parts  may  be  small  and  very 
numerous :  they  may  also  be  required  at  very  different 
periods.  It  is  here  where  delays  may  prove  serious,  for  the 
final  assembling  of  tlie  machine  will  be  much  interfered  with 
should  any  essential  part  be  wanting  when  required. 

Detail  or  feeder  department  will  therefore  usually  require 
considerably  more  attention  than  other  sections  of  the  works. 
In  these  departments  there  must  be  some  means  of  tabulating 
the  work  in  hand  in  the  order  in  which  it  is  required,  so  that 
at  any  time  the  foreman  will  know  whether  he  is  up  to  date, 
what  orders  are  overdue,  and  what  amount  of  work  he  has 
ahead  of  him.  The  need  for  this  is  obvious,  for  without  an 
index  of  the  kind  referred  to,  it  will  be  necessary  for  him  to 
spend  a  considerable  time  out  of  his  department,  in  order 
to  find  out  from  those  departments  which  he  has  to  supply 
what  they  are  requiring  at  the  moment  and  what  their  needs 
will  be  ill  the  near  future.  Anything  which  can  be  done 
to  obviate  the  absence  of  a  foreman  from  his  department  is 
a  direct  gain  in  efficiency,  for  no  part  of  the  shops  can  be 
expected  to  wort;  to  tlie  best  advantage  if  the  foreman  is 
ccntiiiually  elsewhere.  A  convenient  form  in.  which  to  lay 
out  an  index  of  this  sort  is  to  have  a  book,  or  cards  if  these  are 
preferred,  so  that  each  week  has  a  certain  space  allotted  to 
it.  As  the  specifications  are  received  marked  with  the  date 
by  when  the  material  has  to  be  complete,  the  details  are 
entered  as  concisely  as  possible  under  the  week  in  which  they 
become  clue.  As  the  work  is  completed  the  index  is  marked 
off,  so  that  the  uncompleted  items  stand  out  conspicuously. 

A  sser/ibli?if/  Depart  /net/ 1. —— When  we  come  to  assemble  all 
the  manufactured  parts  to  form  the  complete  machine,  there 
should  be  no  difficulty  if  the  feeder  departments  have 
delivered  their  details  by  the  time  specified.     It  is,  however, 
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liere  that  all  delays  which  may  have  occurred  in  completing 
these  details  are  reflected  as  a  much  more  serious  delay  in 
the  finislied  article.  It  is  therefore  in  these  assembling 
departments  that  the  fruits  of  organisation  are  more  visible 
than  almost  anywliere  in  the  factory.  If  these  delays  are 
prevented  the  output'  is  greater,  it  is  assembled  more  cheaply, 
and  the  men  work  better  if  the  supply  of  material  is  constant 
and  is  received  when  required.     Furilierniore,  it  is  far  from 
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satisfactory  and  decidedly  inefFioieni  1  o  have  a  large  munbor 
of  part ly  assembled  machines  lyi"g  about  the  floor,  all  of 
which  «ire  held  up  owing  to  the  hick  of  some  small  part .  To 
prevent,  (his  from  hap])eniiig,  the  foreman  naturally  does  m)t'' 
like  to  commence  assembling  the  details  until  he  is  sure  of 
being  able  to  carry  the  work  through  witliout  stoppage.  fie 
must  therefore  have  some  means  of  ascertaining  exactly  how 
the  material  stands  for  any  particular  iiiacliine.  Tliis  in  for- 
mat ion  can  be  obtained  by  referring  to  the  specifications, 
which  must,  of  coiu'se,  always  be  kept  up  to  date,  as  regards 
completed  material  lying  in  the  main  or  detail  stores,  and 
all  stock  parts  winch  are  supplied  directly  by  the  stores. 
The  method  usually  employed  (or  keeping  these  specifications 
posted  is  for  the  detail  departments  to  forward  to  the  assem- 
bling- sections  receipts  for  all  completed  materials  as  soon  as 
these  are  handed  over  to  the  stores  ；  some  similar  metliod  also 
being  adopted  for  those  parts  delivered  complete  from  outside 
sources  and  for  stock  material  not  manufactured  in  the  works. 

Stores. —- Altliougli  the  manufacturing  feeder  departments 
play  such  an  important  part  in  the  organisation  of  the  factory, 
the  various  stores  for  raw  materials  and  manufactured  parts 
supplied  from  outside  sources,  comprising  as  tliey  do  hundreds 
of  items  in  various  forms,  are  absolutely  vital  to  the  success- 
ful feeding  of  the  factory.  These  stores,  too,  will  contain 
stocks  of  expensive  materials,  which  it  will  be  necessary  to 
keep  down  to  the  lowest  possible  limit.  It  is  therefore  usual 
for  the  storekeeper  to  keep  a  systematic  record  covering  all 
items  in  his  stock  and  specifying  the  maximum  and  minimum 
allowed,  the  ordering  quantity  and  the  ordering  level.  This 
record  can  be  kept  in  a  loose-leaf  ledger  or  on  some  card  index 
system,  and  as  material  is  given  out  tlie  details  are  entered 
in  the  ledger,  debiting  the  order  number  for  which  the  material 
is  required  with  the  quantity  supplied. 

Man  u fart  uring  of  Standard  A  p])arriff/s. ― In  what  lias 
already  been  said  it  has  been  assumed  that,  the  works  product 
is  not  manufactured  chiefly  to  standard  designs  ；  when,  how- 
ever, the  factory  is  principally  employed  in  turning  out  an 
article  in  large  numbers  made  to  an  improved  design,  the 
system"  may  require  some  modifications,  and  possibly  some 
elaboration  which  would  not  be  warranted  where  tlie 
output  is  not  standard  and  where  tlie  designs  are  frequently 
changing.  In  factories  dealing  with  this  kind  of  manufacture 
ihe  sales  will,  to  a  great  extent,  be  made  straight  from  a  price 
list.  Deliveries  will  also  to  some  extent  be  standardised  for 
any  particular  size  and  type  of  machine.  To  obtain  these 
deliveries  it  is  essential  that  no  time  be  lost  in  getting  the 
manufacturing  information  into  the  works.  On  receipt  of 
the  order  the  designing  staff  will  have  to  decide  whether  the 
standard  type  of  machine  is  capable  of  fulfillingf  the  require- 
ments of  the  contract,  and  if  so  will  pass  the  order  on  to  tlie 
specification  clerks,  who  will  make  out  specifications  for 
passing  on  to  the  works. 

These  specifications  will  also  probably  be  standardised  and 
it  will  only  be  necessary  to  select  those  specifications  applying 
to  the  order,  to  fill  these  in  for  the  required  number  of 
machines,  and  to  forward  them  to  the  works  via  the  produc- 
tion department.  These  specifications,  together  with  the 
detailed  drawings  winch  will  already  be  in  the  works,  will 
constitute  the  entire  manufacturing  information.  To  expe- 
dite the  completion  of  this  information  in  the  minimum  time 
possible  various  printed  forms  are  used  so  as  to  save  any 
unnecessary  clerical  work.  To  give,  examples  of  these  forms 
and  to  describe  their  details  would  be  of  little  general  interest  ； 
but  in  any  system  adopted  care  must  be  taken  to  guard 
against  the  tendency  of  building  up  a  system  of  forms  only, 
and  so  eliminating  the  human  element  of  interest  and  responsi- 
bility. If  such  care  is  not  taken  there  a  great  danger  of 
the  whole  system  developing  into  so  much  waste  paper  and 
the  work  being  completed  before  the  system  designed  to  assist 
in  its  manufacture  can  come  into  use,  in  which  case  it  will 
be  much  more  likely  to  hinder  than  assist  production. 

The  production  department  will  distribute  tlie  orders  and 
specifications  throughout  the  works  as  previously,  each  being 
marked  with  the  date  by  when  the  various  components  have 
to  be  completed.  In  most  cases  a  large  portion  of  the  details 
required  will  be  manufactured  to  stock,  and  each  feeder 
department  will  therefore  have  to  see  that  these  stock  parts 
are  put  through  in  suitable  batches  so  that  they  can  meet 
tlie  demands  made  upon  them.     This  work  will  be  regulated 


l)y  the  production  department  under  tlie  supervision  of  some 
liiglier  fiuiliority,  to  (Misure  that,  the  stock  does  not  rearli  too 
liit^li  a  level,  and  so  tie  up  too  "lucli  capital,  or  fall  too  low 
<'uhI  so  joo]iar(lise  the  delivery  ("  the  final  product. 

As  previously  stated^  it,  is  in  the  assembling  department 
tli.'it  the  efiicieiH^y  of  the.  works  in  prodiu;tio»i  in  best,  gauged 
Tt  is,  therefore,  well  to  have  some  nietliod  whereby  tlie 
inaiuigement  can  see  at  a  glance  whether  the  or^aiiisalion  of 
1  lie  works  as  a  whole  is  sucli  as  to  ensure  the  factory  producing 
the  right  (juantil-y  at  t  lie  right  time. 

A  large  American  works  employed  in  1  lie  manufacture 
of  all  kinds  of  electrical  ni;icliiiiery,  and  where  the  output  of 
inacliines  and  accessories,  all  more  or  less  sl  andard,  is  large,  has 
devised  a  very  complete  system  for  accomplisliing  this.  Graj^hi- 
cal  records  are  )^ept  of  the  output  of  the  feeder  and  assembling 
departments.  These  records  are  known  as  load  diagrams, 
and  contain  curves  indicating  for  each  day  the  total  number 


Fig.  6. 

of  units  on  order  not  delivered,  the  number  of  units  wanted 
each  day,  and  the  number  of  units  actually  delivered  each 
day.  Results  thus  obtained  are  shown  in  Figs.  3  and  4  for 
feeder  departments,  and  in  Figs.  5  and  6  for  assembling 
departments.  In  examining  these  it  can  be  easily  seen 
whether  any  section  of  the  works  is  turning  out  what  is 
required  from  it,  or  whether  it  is  lagging  behind. 

In  addition  to  these  load  diagrams,  another  chart  is  made 
out  showing  how  the  dates  given  to  the  customers  are  met. 
This  is  known  as  the  delivery  efficiency  chart,  a  typical  case 
being  shown  in  Fig.  7.  On  this  chart  are  plotted  curves 
showing  the  daily  percentage  of  dates  kept,  the  average  per- 
centage of  apparatus  shipped  on  time  for  the  past  30  days, 
and  tlie  percentage  of  overdue  orders  on  hand.  In  some 
cases  this  chart  is  amplified  by  adding  curves  showing  the  per- 
centage of  orders  overdue  by  varying  amounts  such  as  5，  10， 
or  20  days  late.  Copies  of  these  charts  are  circulated  through 
the  works,  with  the  result  that  very  considerable  interest  is 
taken  by  those  departments  concerned,  and  a  certain  amount 
of  friendly  rivalry  is  set  up  between  them. 

Ill  such  works  as  we  are  now  considering  the  detail  and 
assembling  departments  naturally  specialise  to  a  much  greater 
extent  in  the  manufacture  of  certain  parts  than  in  the  case 
of  those  works  where  the  product  is  not  so  standardised.  This 
will  also  entail  a  more  systematic  grouping  of  certain  classes 
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of  machines,  for  the  tendency  is  that  each  detail  will  be  made 
in  large  quantities  which  on  completion  will  be  turned  into 
stock  and  from  which  the  assemhling  departments  will  draw. 

From  the  nature  of  tins  manufacture  it  is  obvious  what  an 
important  part  will  be  played  by  jigs  used  for  these  standard 
details.  Without  these  jigs,  on  the  design  of  which  a  great 
(leal  of  ingennily  is  expended  so  as  to  make  them  easily  and 
quickly  handled,  it  would  be  quite  im possible  to  manufacture 
cheaply,  nor  could  the  great  advantage  of  interchangeability 
and  t lie  supply  of  spare  parts  be  attained. 

<  't)/irhfsi()fi. ― 111  this  section  of  the  paper  the  author  has 
endeavoured  to  point  out  some  of  the  essential  details  neces- 
sary in  the  manufacturing  side  of  works  organisation  ；  but  no 
matter  whether  t lie  works  are  large  or  small,  whether  the 
apparatus  manufactured  is  standard  or  special,  tlie  human 
element  is  bound  to  play  an  all-important  part.      No  works 
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can  ever  be  independent  of  this  factor,  indeed  the  co-operation 
of  individuals  and  departments  is  so  vital  that  it  may  well 
be  considered  as  the  foundation  of  any  system.  Further- 
more, heads  of  the  departments  must  be  men  of  broad  mind, 
capable  of  handling  those  under  them,  so  as  to  encourage  them 
to  have  real  interest  in  their  work,  to  treat  their  profession 
as  something  in  wliicli  they  can  have  real  pleasure  and  not 
just  as  a  dull  monotony.  The  result  of  this  will  be  that  indi- 
viduals in  subordinate  positions  will  gradually  be  found 
capable  of  taking  more  responsibility,  so  that  when  the  time 
does  come  for  the  heads  of  the  departments  to  move  on  into 
otiier  positions,  there  will  be  someone  so  trained  to  carry  on 
the  organisation  of  the  depai'tment.  Mucli  might  be  said 
about  co-operation,  but  it  is  so  obviously  necessary,  and  it 
stands  out  so  conspicuously  in  every  walk  of  life,  that  it  need 
only  be  mentioned  in  connection  with  the  present  question. 
Unfortunately,  however,  one  so  often  finds  that  individuals 
ami  departments  are  not  worked  at  their  highest  efficiency, 
clue  to  the  lack  of  this  essential.  Without  perfect  co- 
operation the  effectiveness  of  any  system,  no  matter  how  good 
it  may  be,  will  be  greatly  reduced. 

^  (Tii  he  r(,ntinne(J.) 


Board  of  Trade  Commercial    Intelligence   Committee. ― A 

meeting  of  the  Advisory  Committee  of  the  Board  of  Trade  on 
('ornrnercial  intelligence  was  recently  held  in  London.  Among 
other  matters  considered,  were  proposals  for  the  amend- 
ment of  the  existing  law  relating  to  patents  and  designs  ； 
proposals  for  the  dispatch  of  a  special  Commercial  Mission  to 
investigate  the  conditions  and  prospects  of  trade  in  Spain  and 
Portugal  ；  and  questions  relating  to  Rritisli  trade  with  Russia 
and  Italy,  and  the  employment  of  foreigners  as  commercial 
travellers. 


CORROSION  OF  STEEL  SHEETS. 

At  a  recent  meeting  of  the  American  Electrochemical  Society 
a  paper  by  E.  A.  Richardson,  Warren,  and  L.  T.  Richardson, 
entitled  Observations  Upon  the  Atmospheric  Corrosion  of 
Commercial  Sheet  Iron,"  was  read.  As  a  result  of  their 
investigations  the  authors  arrived  at  the  following  conclusions. 

Taken  as  a  whole,  the  results  indicate  that  copper-bearing 
steels  are,  without  doubt,  decidedly  superior  to  any  of  the 
other  materials  tested.  The  remaining  materials  may  be 
divided  roughly  into  two  classes,  one  class  inchicling  the 
ordinary  steels  (Bessenier  and  open-hearth)  and  the  other  class 
the  commercially  pure  irons  and  the  copper-bearing  irons. 
Charcoal  iron  is  classed  with  pure  irons.  We  have  gbtained 
results  in  another  test  which  would  indicate  that  the  resis- 
tance of  wrought  iron  to  corrosion  is  due  to  the  purity  of  its 
iron  and  not  to  slag  inclusions.  In  addition,  it  was  noted 
during  the  present  test  that  charcoal  iron  appeared  to  corrode 
in  very  much  the  same  way  as  pure  iron. 

In  regard  to  the  steel-iron  question,  it  is  noted  that  the 
pure  irons  (including  charcoal  iron)  are  superior  to  steel.  It 
is  believed  that  this  superiority  is  due  to  the  purity  of  the 
iron,  or  to  some  combined  effect  of  manganese  and  copper. 

The  results  obtained  in  regard  to  the  effects  of  mill 
scale  do  not  agree  with  the  results  obtained  by  others.  They 
indicate  that  with  si  eels  which  rust  rapidly  mill  scale  is  a 
stimulator  of  corrosion.  On  the  otlier  materials  tested  the 
mill  scale  has  exerted  a  protective  action.  We  have  no 
explanation  for  this. 

The  important  feature  of  tlie  results,  however,  is  that  it 
substantiates  the  claim  made  in  several  other  publications 
that  the  addition  of  copper  to  steel  in  amounts  of  about  0,25 
per  cent,  causes  a  remarkable  increase  in  its  ability  to  resist 
atmospheric  corrosion.  In  the  present  test  the  addition  of 
about  0  25  per  cent,  copper  to  Bessemer  or  open-lieartli  steel 
has  resulted  in  an  increased  resistance  of  300  or  400  per  cent. 

The  addition  of  copper  to  pure  iron  also  results  in  an 
increased  resistance  to  corrosion,  but  to  no  such  an  ex  tent- 
as  the  addition  of  a  similar  amount  to  steel.  The  addition 
of  about  0-25  per  cent,  copper  to  a  commercially  pure  iron 
results  in  the  useful  life  being  increased  by  about  20  per  cent. 

We  have  been  unable  to  determine  the  reason  for  this 
effect  of  copper  in  reducing  corrosion.  It  is  believed,  in 
view  of  the  fact  that  the  copper  exerts  a  greater  influence  in 
steel  than  in  iron,  that  it  must  be  due  to  the  combined 
presence  of  copper  and  manganese,  since  the  chief  difference 
in  the  iron  and  steels  under  consideration  is  in  the  manganese 
content.  It  may  be  that  the  copper  eliminates  a  harmful 
effect  of  manganese,  oi'  it  may  be  that  it  is  some  combined 
effect  of  these  two  elements  that  acts  as  a  protection  to  iron. 
The  writers  are  inclined  to  believe  that  it  is  the  latter  cause. 

Tests  made  by  D.  M.  Buck  indicate  that  copper  even  up 
to  O'lO  per  cent,  added  to  low  manganese  materials  increases 
their  resistance  to  corrosion  but  little.  Ordinary  steels  con- 
taining about  040  per  cent,  manganese,  but  iio  copper,  are 
very  poor  as  regards  resistance  to  corrosion,  but  additions  of 
copper  to  such  steels  result  in  a  greatly  increased  resistance. 
A  maximum  resistance  is  reached  with  about  0.25  per  cent, 
copper.  These  results  were  also  confirmed  upon  full-sized 
sheets  of  the  same  materials. 

The  writers  believe,  in  view  of  these  results,  that  the  resis- 
tance of  pure  iron  to  corrosion  could  be  increased  by  the 
addition  of  both  manganese  and  copper  and  that  additions  of 
manganese  to  pure  iron  or  steel,  even  up  to  3  or  4  per  cent., 
or  more,  with  a  corresponding  increase  in  copper  to  produce 
a  maximum  effect,  should  give  a  material  more  resistant  to 
atmospheric  corrosion  than  the  copper  steel  now  on  the 
market.  Also,  some  interesting  results  might  be  obtained 
by  substituting"  for  manganese  in  copper-bearing  steels  or 
irons,  chromium,  vanadium,  tungsten,  or  molybdenum. 

Summarising  the  authors  state  ( 1)  Copper-bearing  steels 
are  decidedly  superior  to  pure  iron,  steel,  or  charcoal  iron. 
(2)  The  addition  of  copper  to  pure  iron  increases  it's  resistance 
to  corrosion,  but  to  no  such  an  extent  as  similar  additions  to 
steel.  (3)  Charcoal  iron  and  pure  iron  are  superior  to  steel 
as  regards  resistance  to  atmospheric  corrosion.  (4)  Char- 
coal iron  is  very  similar  to  pure  iron  in  its  resistance  to 
corrosion.  (5)  Copper  is  believed  to  decrease  corrosion  due 
to  some  mutual  influence  of  manganese  and  copper.  (6) 
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Additions  of  larger  anioiuits  of  manganese  and  copper  to  pure 
iron  or  s(eol  are  HUgi»esl.ed  as  well  as  additions  of  copper- 
dm)miiim,  copper- viuwi(Hmn，  copiuir- tungsten,  or  co|)|)er- 
Tnolylnlenuni.  (7)  Mill  scale  st imiihUcs  rorrosion  in  rapidly 
nisi  iuvF  i»iateri;i1s  ami  retards  it  in  slowly  nist  ing  niaforials. 


THE  USE  OF  BORINGS  IN  CUPOLA  OPERATIONS.* 

11 Y  JAMKS  A.   MUK  PII  V. 

Tin:  ineltino-  of  iron  boriiios  and  oven  steel  chips  in  the 
("1|>(山1  for  the  double  purposo  of  reducing  iiiixLure  costs  and 
l)ei  tei'iui^  qmilit  y  is  not  by  ； my  inea ns  a  new  theine  for 
fouiiclrvnien  to  cUscuss,  I'oi"  in  one  i'orin  or  auotlier  they  liave 
been  smvessfully  inclled  for  many  years,  some  nieihods  beiii*^ 
more  successful  and  economical  tlian  others.  About  30  years 
ago  a  patent  was  granted  to  Asa  Wliii  ney,  of  Philadelphia, 
covering  a  method  of  melting  borings  in  wood  boxes.  This 
method  is  in  use  at  the  present  day  by  some  leading  foundries, 
find  the  results,  from  a  quality  point  of  view,  seem  to  warrant 
its  continuance.  Many  other  methods  are  employed,  some 
of  wliicli  liave  been  subjects  of  exploitation,  and  several 
patents  of  doubtful  value  have  been  granted.  A  number 
of  tlic  itietliods  indicate  an  ignorance  of  the  principles 
involved,  while  otb.ers  are  fieakish,  and  not.  a  few  are  pure 
fakes. 

The  melting  of  chips  loose  in  the  cupola  has  been  tried 
}k)1\\  alone  and  in  cornbinal ion  with  regular  mixtures  with 
very  indifferent  results.  When  in elted  alone  the  necessary 
heat  will  not  penetrate  the  mass,  the  UDcler  and  outer  edges 
of  the  charge  only  being  melted  to  varying  depths  depending 
on  tlie  quality  of  the  fuel,  the  blast  pressure,  and  the  thickness 
of  the  charge.  When  chips  are  charged  promiscuously  with 
the  pig  and  scrap,  the  pyroteclinical  display  at  the  door  and 
top  of  the  cupola  stack  indicates  the  destruction  of  the 
elements  of  which  they  are  com  posed.  Both  of  these  methods 
liave  long  been  abandoned.  A  few  foundry  men,  however, 
lay  a  thin  bed  of  borings  on  tlie  cupola  bottom.  The  melting 
iron  coming  down  on  the  borings  melts  and  absorbs  them, 
but  this  is  done  at  the  expense  of  heat  that  may  be  badly 
needed  by  the  iron.  I  consider  this  method  for  either  chips 
or  otlier  small  particles  hazardous  in  the  extreme  where 
particular  castings  are  made. 

In  the  middle  eiglities  a  founclryman  in  Scranton,  Pa., 
conceived  the  idea  of  filling  old  powder  cans  with  these  borings 
and  charging  them  into  the  cupola  the  same  as  pig  and  scrap. 
The  method  was  said  to  be  very  successful  and  was  continued 
as  long  as  tlie  supply  of  old  cans  lield  out.  For  years, 
nothing  was  found  for  a  substitute  except  wooden  boxes. 
Along  about  1904  Stanton  Griffith,  foundry  superintendent 
of  the  Fairbanks-Morse  Company,  Beloit,  Wis.,  was  experiment- 
ing with  tlie  melting  of  borings  in  various  kinds  of  containers, 
none  of  which  was  as  satisfactory  as  Mr.  Griffith  desired.  As 
Newton's  discovery  of  the  law  of  gravitation  was  accidental, 
so  the  method  that  I  am  going  to  describe  was  accidental  to 
Mr.  Griffith  through  the  ohstreperousiiess  of  a  tomato  can 
that  found  its  way  into  tlie  liouseliold  furnace  where  it 
remained  intact  for  some  time,  a  decided  obstacle  to  good  and 
thorough  combustion.  Its  remarkable  state  of  preservation 
after  going  through  a  fierce  fire  certainly  classed  it  as  an 
ideal  container  for  melting  borings,  but  as  its  size  was  against 
it,  a  similar  but  larger  can  was  made  from  regular  lengths 
of  stove  pipe,  crimping  the  can  in  at  each  end  when  full. 

This  method  proved  so  successful  that  I  was  attracted  by 
it,  and  from  tlie  results  from  several  tests  that  I  made,  I  con- 
cluded that  110  other  method  gives  as  good,  as  eeonomical,  or 
as  reliable  results.  The  stovepipe  lengths  will  hold  about 
5011)8.  It  is  preferable  to  use  either  a  wood,  iron,  or  steel 
disc  for  the  top  or  bottom  of  the  cartridge.  The  .containers 
can  be  filled  at  the  inacliiiies  by  inacliinists'  helpers  at 
very  little  if  any  cost,  as  the  borings  must  be  taken  away 
anyway.  The  cost  of  prepa ration  for  ilie  cupola  is  about 
10s.  per  ton. 

On  three  different  occasions  I  melted  10  tons  of  these 
canned  borings  alone,  using  a  blast,  pressure  of  from  9ozs.  to 
lOozs.,  our  regular  Wast,  being  from  14ozs.  to  16ozs.  All 
tln*ee  of  these  heats  showed  a  loss  of  less  than  2  per  cent., 
which  seems  remarkable.  The  charges  were  carefully  weighed 
under  my  own  supervision.      A  10-ton  ladle  was  weighed  on 


； I  vvAiw  sc.'ilos  and  Mioii  im 山' r  ll",  cupola  spout,  and 

wlu'Ji  t  ho  (^oiileiils  ol"  the  cupok  w('n'  nui  into  il,  if  was 
woit^lietl  a^'ain  with  the  a))ove  resullH. 

Tl">  iron  in  each  (； ase  was  white  an  (J  in  im  way  fii,  for 
coiniiicrciHl  luacliiiuM'y  (^astin^^s.  11,  sliowe*!  no  itMulcuc.y  \o 
lo  1  ho  ladle,  hnl  was  hot.  and  fluid.  A  (； in.  l)y  Gin. 
section  pouml  frorti  tJie  ladle  was  while  all  tlir(m",li，  not  a 
I'nice  ()r  gnipliit'ic  carbon  being  visible  near  llie  (.-outre.  Tlie 
"ielt,i"g  of  l)()ri!ip  in  cans  or  cartridges  is  being  practised  l)y  a 
munher  of  t'oiuid ries  enga^^ed  in  ))oth  light  and  heavy 
work.  Tliei'e  is  no  pafeiii  on  (Jie  process.  It  is  hoyoiul 
(|Uosli()n  a  1,lior(mglily  sucioessful  inetJiod. 

Ill  1 908  a  patent  was  granted  to  Walter  V.  Pri"('f，，  for 
im、ll'jii;r  horings  in  a  vertical  tu))e  or  casing  liaviii^  a  higher 
im;ltiii"r  point-  Mian  the  chips.  The  inetliod  at  first  was  open 
to  many  serious  objections,  some  of  which  liave  since  been 
removed.  Borings  can  be  successfully  melted  by  this  method, 
hut  it  lacks  what  might  be  called  mobility,  as  all  the  borings 
are  only  in  one  part  of  the  cupola,  in  a  vertical  coluinn,  with 
fud  only  partly  surrounding  it,  whereas,  with  the  cartridges, 
tliey  can  be  distributed  among  the  charge,  giving  a  better 
inixtu re  and  ensuring  more  even  iiieU-iiig. 

The  briq netting  of  borings  by  the  German  method,  that 
is,  subjecting  tliem  in  suitable  moulds  to  ((reat  pressure,  is  a 
successful  method,  but  the  cost  is  lii;^h  and  there  is  a  con- 
siderable melting  loss.  It  is  said  that  the  breaking  or 
spaliiiig-  of  the  corners  and  edges  of  the  briquettes  repre- 
sents a  great  loss.  The  bricjuetting  of  borings  through  the 
use  of  cement,  canna  pitch,  or  any  other  wet  binder,  is 
without  question  a  great  failure.  The  rapid  generation  of 
oxygen  when  moisture  comes  in  contact  with  the  borings  soon 
leaves  only  a  lump  of  rust  to  put  in  the  cupola,  and  when 
used  in  this  way  is  productive  of  bad  castings,  as  pinholes 
and  so  called  blowholes  are  prevalent.  The  melting  loss  by 
this  method  I  found  by  experiment  to  reach  as  high  as  60  per 
cent.,  wliile  the  resultant  metal  was  bad.  Castings  poured 
with  it  for  experimental  purposes  were  very  unsound  and 
literally  lioiieycombed  with  holes,  while  on  the  other  hand, 
castings  poured  from  similar  metal,  taken  from  a  ladle  that 
was  filled  from  the  cartridges  was  sound  all  the  way  through 
ami  showed  no  signs  of  pinholes  or  any  otlier  uiisoiiiidness.  As 
a  practical  proposition  the  use  of  borings  in  binder  bound 
briquettes  is  a  failure.  The  briquettes  made  under  enormous 
pressure  are  satisfactory,  but  the  cost  and  melting  loss  are 
nuicli  higher  than  when  melted  in  cans  or  cartridges. 

The  tube  method,  introduced  by  Mr.  Prince,  has  very 
narrow  limitations  as  to  the  ainount  used,  this  being  governed 
by  the  size  of  the  tube,  which  of  necessity  must  be  compara- 
tively small.  If  a  multiplicity  of  tubes  is  used  there  is  great 
danger  of  oxidation,  as  no  fuel  is  underneath  them.  They  can 
only  be  placed  in  one  position  in  the  cupola,  and  that  a 
specially  prepared  one  on  the  side  with  a  special  door  cut 
for  the  purpose.  The  attendant  labour  and  waste  of  filling 
close  to  terrific  heat  is  another  objection. 

With  the  cans  or  cartridges  no  extra  labour  is  involved  in 
the  charging  floor,  and  the  given  amount  to  be  put  on  any 
cliarge  can  be  as  evenly  distributed  throughout,  the  charge  as 
any  component  part  of  it.  The  cost  of  canning  the  borings, 
exclusive  of  the  labour  of  filling  tbeni,  is  about  10s.  per  ton. 
This  filling  labour  should  hardly  be  counted  under  most  cir- 
cumstances, as  tlie  borings  must  be  taken  away  from  the 
iiiachiiies,  and  the  helper  may  as  well  fill  the  cans  as  to  use 
any  other  receptacles. 

Borings  melted  by  this  method  are  a  decided  strengthener 
of  castings,  and  tend  to  give  a  closer  grai".  I  have  used  them 
in  various  percentages  in  all  kinds  of  work,  from  the  heaviest 
parts  of  high-class  machinery  down  to  light  automobile  cast- 
ings with  unvarying  beneficial  results. 

The  cost  of  wooden  boxes  is  also  about  10s.  per  ton,  and  the 
cost  of  tubes  very  little  less.  The  cost  of  briquettes  varies 
greatly.  So  many  variables  liave  to  be  taken  into  account  and 
the  method  is  so  unreliable  that  it  is  not  worth  pursuing. 


191G 


*  Paper  presented  at  the  American  Foundrymen'sxonvention,  September  ISth* 


British-made  Magnetos. ― According  to  the  "  Commercial 
Motor,"  all-Britisli  magnetos  are  now  being  made  at  tlie  rate 
of,  approximately,  2,000  machines  per  week,  and  practically 
the  whole  of  this  production  is  being  utilised  for  Government 
work.  These  home-produced  magnetos  are  being  made  equal 
in  merit  to  the  Bosch,  and  in  some  particulars  even  better. 
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INDUSTRIAL  LIGHTING  BY  ELECTRICITY. 


BY    FREDERIC    H.  TAYLOR, 


To  have  suggested  but  a  few  years  ago  that  the  subject  of 
industrial  lighting  、vas  a  matter  of  supreme  importance,  one 
worthy  of  the  j^pecial  attention  of  engineers,  and  for  them  to 
devote  their  time  and  special  efforts  to  its  study,  would,  indeed, 
have  been  amply  sufficient  to  invite  a  criticism  niiicli  more 
cynical  than  polite.  Happily,  however,  the  scientific  study  of 
artificial  lighting  for  industrial  and  for  other  purposes  appears 
to  be  in  tlie  forefront  of  modern  progress,  to  the  inestimable 
benefit  of  all  classes  of  the  community.  If  any  justification 
were  needed  for  giving  the  utmost  proniinence  to  this  subject, 
it  would  be  found  in  the  following  statement :  That  unsatis- 
factory illuniination  results  in  (1)  An  increase  iu  the  number 
of  accidents  to  persons  using  the  premises  concerned  ；  (2)  pos- 
sible damage  to  eyesight  and  to  health  ；  (3)  diminished  output 
of  work  ;  (4)  imperfect  discipline. 

The  terms  "  lighting  "  and  "  illumination  ，，  are  generally 
rather  mixed  in  their  application,  in  fact,  the  former  is  com- 
monly used  where  the  latter  is  really  intended.  Illumination 
is,  of  course,  a  ineasurable  quantity,  and  is  taken  as  the  inten- 
sity of  the  light  falling  upon  a  given  surface. 

Si/s ferns  of  Lighting, ― Of  the  many  systems  of  electric 
lighting,  the  ones  at  present  claiming  onr  attention  most  are : 
Arc  lamps  and  incanc^escent  lamps,  the  latter  being  sub- 
divided into  the  carbon  and  the  metal  filament  types,  this  last 
comprising  the  ordinary  vacuum  lamp  of  a  reputed  efficiency 
of  about  1*2  watts  per  candle-power,  as  well  as  its  very  modern 
successor,  the  "  lialf-watt  "  or  gas- filled  lamp.  Each  have 
their  proper  sphere  of  application,  which  it  is  the  duty  of  the 
engineer  to  decide,  and,  without  a  careful  enquiry  into  and 
a  study  of  all  the  conditions  peculiar  to  each  case  by  him, 
waste  and  inefficiency  inevitably  result.  Lighting  no  longer 
consists  in  merely  hanging  up  lamps,  but  rather  in  a  proper 
study  of  all  the  conditions  obtaining,  such  as  area,  height, 
nature  of  work  carried  on,  reflecting  surfaces,  system  of  current 
supply,  &c.  Proper  switch  control  and  a  suitable  system  of 
wiring  also  enter  more  or  less  directly  into  the  ultimate  effi- 
ciency of  the  installation  as  a  whole. 

As  each  new  type  of  lamp  is  put  upon  the  market,  the 
average  layman,  whether  lie  be  a  factory  owner  or  not,  is  quite 
apt  to  suppose  that  the  new-comer  will  shortly  oust  all  its 
predecessors  and  become  in  undisputed  possession  of  the  field 
of  artificial  lighting.  The  untiring  activities  of  the  modern 
salesman,  together  with  the  enormous  extension  of  technical 
advertising,  are,  no  doubt,  largely  responsible  for  this.  The 
new  gas-filled  electric  lamp  has  not  yet  however  ousted  its 
parent,  the  ordinary  vacuum  type-metal  filament.  Arc  lamps 
are  still  made  and  sold,  and  our  old  friend  the  carbon  filament 
is  with  us  still. 

Overall  efficiency  or  watts  consumed  per  candle-power  given 
out  is  usually  the  main  if  not  the  only  point  considered  iu  the 
selection  of  】amps.  This  should  not  be  ;  it  should  rather  be 
the  total  cost  per  candle-power  hour,  wliicli,  of  course,  takes 
into  account  the  first  cost  of  the  lamp  and  its  life,  as  well  as 
the  cost  of  current.  In  a  case  within  the  author's  experience  it 
paid  to  use  the  okl-fasliioiied  carbon  filament  lamp  with  its 
wasteful  conKuniption  of  3i  watts  per  candle-power.  This 
occurred  in  a  factoi*y  where  not  only  were  more  larnps  lost  by 
breakage  tlian  by  ordinary  burning  out,  but  the  current  was 
supplied  by  steam-driven  generators,  the  boilers  for  wliich 
were  fed  entirely  on  refuse  which  would  otherwise  liave  cost 
money  to  cart  away. 

The  Lajj-oift  oj  Jjir/htituf  Schevus. —— Tlie  tendency  of  the 
present  day,  in  arranging  schemes  of  artificial  lighting,  is,  to 
endeavour  to  crystallise  tlie  whole  matter  as  much  as  possible, 
and  ill  the  case  of  lighting  into  three  points,  that  is,  height  of 
lamp  or  lii^liting  "unit,"  spacing  distance,  and  the  candle- 
power  of  tlie  unit  employed.  Whil"  useful  eiiougli  and  easy 
of  application  in  ?i c w  buildings,  where  the  architect  is  willing 
to  give  consideration  to  tlie  requirements  of  artificial  lighting, 
in  ohl  buildings  the  points  mentioned  commonly  have  to  be 
the  subject  of  part  consideratiou  only,  in  order  that  other 
iiifluenciug  conditions    may    have   necessary  consideration. 

•  Paper  read  before  the  Junior  Institution  of  Kngineers,  October  18th,  1916. 


Hard  and  fast  rules  for  the  lay-out  of  artificial  lighting  in 
£ui  industrial  type  of  building  would  therefore  appear  to  the 
author  as  undesirable,  even  if  possible  of  general  application. 
It  is  true  that  progress  is  being  made  in  the  direction  of  decid- 
ing as  to  what  is  a  suitable  standard  or  intensity  of  illumina- 
tion for  various  processes  and  kinds  of  work,  but  this  is  and  will 
probably  remain,  as  the  w  ni  uu  ？ //〃  illumination  necessary, 
rather  than  the  average.  Lay-out  must,  therefore,  be  settled 
not  on  tliis  point  only,  but  on  due  consideration  of  the  many 
other  variable  points  wliich  will  be  found  to  enter  into  almost 
every  case  one  meets  in  practice. 

A  point  one  would  specially  draw  attention  to  in  this  con- 
nection is  the  need  of  "  general  ，，  as  well  as  "  local  ，，  or  "  indi- 
vidual ，， lighting  in  most,  if  not  all,  of  tlie  premises  which  the 
mechanical  and  the  civil  engineer  have  to  deal  with.  Indi- 
vidual or  local  lighting  of  sufficient  intensity  for  machine 
tools,  benches,  desks.  &c.，  is  necessary  if  each  operator  is  to 
properly  perform  his  duties.  "General"  lighting,  on  the 
other  hand,  is  equally  necessary,  for  by  this  proper  supervision 
and  discipline  is  possible  and  the  safety  of  those  persons 
secured  who  have  to  move  about  through  passages  and  gang- 
ways. This  need  of  "  general  ，，  lighting  is,  even  at  the  present 
time,  often  entirely  overlooked. 

Tlie  "general"  lighting  should  be  so  arranged  that  a 
fairly  uniform  illumination  is  produced,  say,  with  an  allowable 
variation  between  maximum  and  minimum  of  20  to  25  per 
cent.,  and  where  individual  lighting  is  additionally  provided 
the  value  of  tlie  former  is  considered  sufficient  if  of  the  nature 
of  about  1*5  foot  candles.  Compared  with  the  recommenda- 
tions of  the  Home  Office  Committee  such  a  figure  will  seem 
luxurious,  tlie  recommendations  referred  to  being  ：  (1)  *25  of 
a  foot  candle  over  "  working  areas"  of  workrooms  (without 
prejudice  to  the  illumination  required  for  the  work  itself), 
and  (2)  '1  of  a  foot  candle  in  all  parts  of  factories  and  work- 
shops not  included  under  (1)  and  where  persons  are  liable  to 
pass. 

Straulards  of  111 iivd nation. ― The  figures  quoted  by  various 
authorities  show  considerable  variation  in  idea  as  to  what  is 
considered  necessary,  as  the  following  extracts  will  show: ~ - 

In  a  drawing-office. . .        ...  (a)  6  to  10  foot  candles. 

，，         ，，         ，， …-、 … {h)  7  ，， ，， 

"         "         ,，   （('） 8  ，， ，， 

In  a  warehouse  or  stockroom  (r/)  '5  "  ，, 

，，  ，，         "         ，，         (//)  15  to  2  ，，  ，， 

In  a  foundry          ...        ...  {a)  3  to  4    ，，  ，, 

"         ，，  ...        ...  (/>)  "4  of  a  foot  candle  (minimum). 

In  offices     ...        ...        ...   {(I)  4  foot  candles. 

" "   W  3      ，， ，， 

The  author  would  suggest  that  the  adequate  standard  of 
illumination  is  such  as  will  allow  the  process  to  be  carried  on 
or  the  work  to  be  done  without  eyestrain  or  special  effort  on 
the  part  of  the  operator.  In  this  matter  personal  prejudice 
often  counts  most,  where  the  layman  is  the  only  authority  con- 
cerned— many  persons  from  sheer  want  of  observation  having 
no  idea  as  to  what  is  adequate  illumination.  As  an  illustration 
of  this  statement,  it  may  be  cited  that  the  author  on  one  occa- 
sion was  asked  to  reduce  the  lighting  costs  in  a  certain  build- 
ing. A  large  joinery  shop  had  been  fitted  with  16  c.p.  lamps 
throughout,  the  foreman  having  insisted  that  these  were 
absolutely  necessary.  One  evening,  after  business  hours,  and 
in  the  foreman's  absence,  every  lamp  was  changed  to  8  c.p. 
The  foreman  never  noticed  it,  and  no  complaints  were  heard. 

In  the  near  future  probably  the  greatest  importance  of  a 
standard  of  illumination  in  places  coming  under  the  Factory 
and  Workshop  Acts  will  consist  in  a  Government  standard 
of  a  rnininnnn  illumination  everywhere.  It  is  to  be  hoped 
that  when  our  great  country  returns  once  more  to  the  arts  of 
peace  that  legislation  of  this  character  will  be  enacted,  as  well 
as  other  regulations  incidental  thereto,  wliich  will  result  in 
intelligent  methods  of  artificial  lighting,  profitable  to  the 
owner  and  beneficial  to  the  workman.  Such  an  event  would 
bring  into  greater  proniinence  the  measurement  of  illumina- 
tion, which,  until  recent  years,  had  been  practically  left  un- 
touched. By  measurements  taken  at  regular  intervals  of  time, 
any  deterioration  is  detected  and  the  cause  of  it  removed. 
Deterioration  may  readily  be  so  gradual  as  to  pass  unnoticed, 
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but  it's  results  will  inevitably  occiw  ；  that  is,  iiupoiTcci  quality 
or  docroasod  output  of  work.  Tlie  uiodorn  illuniiiuilioii  ，' 
))ho(oiHoter  is  an  instrmneiit  which  is  simple,  reliable,  dieap 
ill  first,  cost,  and  well  worthy  of  more  exieiuled  use. 

Tilt    l'!sst  n  fit  lis  "I  Siftisfdrhni/  —Tliese  may 

bo  suniUHHl  uj)  as  comprising :  (1)  Adequiu'y,  that  is  to  say, 
the  (hfjrec  of  illumination  produced  on  the  working  surface 
must  he  sufTiorent  for  the  work  or  operation  to  be  pi'opei'ly 
carried  on.  On  the  other  liutul,  over- illumination  is  quite 
possible,  and  its  elVecis  aie  naturally  harmful.  (2)  The 
iii^'hting  unit  or  source  of  light  must  be  so  j)laced  that  the  light 
does  not  strike  directly  upon  the  eye  of  the  operator  either 
when  he  is  engaged  on  ius  work  or  when  looki)ig  horizontally 
across  the  workshop  or  room.  This  recommendation  of  the 
J  loine  Office  Committee  may  be  summed  up  in  the  words  ： 
" Light-  on  the  object  and  not  in  the  eye."  Thus  "  glare," 
whether  produced  directly  or  indirectly,  should  be  avoided. 
(3)  The  lighting  units  should  be  so  placed  as  to  prevent 
shadows  on  the  work  or  heavy  shadows  about  those  parts  of  the 
premises  to  which  tlie  workpeople  have  access.  This  does  not 
suggest  til  at  ail  absolutely  uniform  degree  of  illinnination 
everywhere  is  necessary.  The  opposite  is  desirable  as  affording 
relief  bv  contrast.  (4)  Constancy,  so  far  as  the  degree  of 
illumination  is  concerned,  is  also  necessary.  Where  the  current 
is  supplied  from  public  lighting  systems,  there  is  usually  little 
or  notliing  to  complain  of  in  this  direction,  but  where  the  light- 
ing leceives  its  current  from  a  private  plant  on  the  premises, 
constancy  of  illumination  is  by  no  means  always  prevalent. 

Ill  one  very  notable  instance  within  the  author's  recent 
experience,  the  lamps  in  the  most  important  part  of  tlie  works, 
by  their  combined  efforts,  give  any  illumination  from  zero  to 
maximum,  and  when  the  latter  standard  prevails  it  is  just 
possible  to  see  the  requisite  detail  of  constructional  parts  by 
the  added  brilliancy  of  a  candle. 

liefi tcf ion  and  Valour. —— The  value  of  these  two  factors  in 
artificial  illumination  is  commonly  overlooked.  As  regards 
the  value  of  general  "  reflection,  that  is  to  say,  from  the 
walls  and  ceiling,  the  Factory  and  Workshop  Act  has,  by  its 
insistence  as  to  regular  limewashing,  done  much  to  provide  a 
cheap  and  effective  reflecting  surface  of  the  highest  order.  The 
experiments  carried  out  at  the  National  Physical  Laboratory 
by  the  Home  Office  Departmental  Committee,  in  a  room 
specially  fitted  out  with  different  methods  of  lighting,  may  here 
be  cited.  Three  systems  of  lighting  were  tried  :  Direct, 
indirect,  and  shielded.  With  the  walls  blackened  instead  of 
whitened,  the  reduction  in  illumination  at  the  centre  of  the 
room  was  approximately  25  per  cent,  for  direct  lighting,  7 
per  cent,  for  indirect  lighting,  and  negligible  for  shielded  light- 
ing. The  influence  of  colour  in  artificial  lighting  is  often 
overlooked.  Lighting  of  a  colour  that  will  enable  a  person 
to  not  only  do  his  work  but  remain  at  it  for  hours  at  a  stretch 
without  feelings  of  fatigue  or  depression,  is  obviously  desi- 
rable. 

We  are  natu rally  inclined  to  light  of  a  reddish  tint  or  at 
least  light  of  a  colour  associated  with  that  end  of  tlie  spectrum. 
Tlie  present  lighting  restrictions  have  in  many  cases  appre- 
ciably altered  the  colour  of  both  natural  and  artificial  lighting, 
glass  roofs  and  side  windows  being  painted  a  deep  blue.  The 
effect  of  mental  depression  on  remaining  under  bluish  light 
for  any  length  of  time  in  some  persons  is  most  noticeable. 
Mercury  vapour  lamps,  when  used  for  general  lighting,  have 
been  noticed  to  give  different  results  with  different  people, 
where  all  other  conditions  were  equal  ；  one  man,  for 
example,  insisting  on  the  addition  of  an  ordinary  glow-lamp 
in  order  to  carry  on  his  work,  whereas  other  workers  considered 
this  quite  unnecessary. 

Dircrf  or  Indh'vi't  Lif/lit'nuf. ― As  to  which  of  these  two 
systems  should  be  chosen  for  factory  lighting  is  a  question 
which  lias  been  the  subject  of  some  considerable  argument 
during  the  last-  few  years.  The  use  of  metal  filament  lamps  of 
high  efficiency,  candle-power,  and  intrinsic  brilliancy  has 
undoubtedly  made  indirect  lighting  possible  where  it  would 
be  otlierwise  quite  unthinkable.  The  results  of  the  Home 
Office  Com rnittee's  tests  in  connection  with  .this  matter,  and 
which  iiave  already  been  briefly  referred  to,  would  suggest 
tliat  witli  indirect  lighting  the  illumination  was  required  to  be 
"'reater  tlian  with  direct  lighting.     Even  where  a  compara- 


tively unirurni  (logrc(^  of  illuininution  everywliore  is  i'e(|uiml， 
I'll  is  can  be  ol)iain(Hl  l)y  modoni  (,y|)es  of  r("l''<'")r  whoso  rli;u  ;"'- 
torislics  arc  known  to  start  with,  cornljiiuMl  wilJi  ('； "("'ill  spac- 
ing of  the  lighting  units. 

A'///rr/o/x  <fn(l  /''/〃/》/,/.、'.  — -Obviously  for  eitlior  "  direct  ，，  or 
iiulirect  "  lighting  the  most  important  item  is  the  rodector, 
or,  as  it  is  more  often  called,  the  "  shade."  Until  recent 
years,  for  incaiidesfent  liglitiiit^,  nothing  else  scarcely  was  used 
but  the  shallow,  conical  enamelled  iron  or  opal  glass  reflector. 
Custom  ('limg  very  tenaciously  to  this,  probably  on  account  of 
c'iioapiiess.  For  years,  imported  froni  "  another  '，  country, 
the  best  one  could  say  of  tiiis  type  of  sliade  was  that  it  was 
badly  made.  As  a  shade,  it  shaded  very  little  else  tliaii  the 
ceiling.  In  combination  with  a  carbon  filament,  larnp  it  was 
bad  enough,  Init  with  a  metal  filament  lanip,  willi  it's  liiglicr 
intrinsic  brilliancy  and  extended  length  of  bulb,  the  evil 
e  fleets  of  an  unscreened  light  became  infinitely  worse. 
Happily,  with  the  war,  a  limit  was  put  cm  tlie  su])ply  of  these 
goods,  with  the  result  that  properly-designed  reflectors  in  glass 
or  steel  are  more  open  to  appreciation  in  spite  of  higher  first 
cost.  One  refers  particularly  to  the  prinniatic  glass  reflectors 
of  the  llolopliaiie  "  type  and  also  to  tlie  pressed  steel  reflec- 
tors of  the  "  Benjamin  "  pattern,  intended  n.ore  particularly 
for  factory  service.  By  the  choice  of  a  reflector  either  of  the 
'•  extensive,"  "  intensive,' ，  or  "  focussing  ，，  type,  and  witii 
the  spacing  distance  arranged  with  regard  to  height,  it  is 
easily  possible  to  obtain  any  desired  illumination,  and  with 
the  source  of  light  well  scieened  from  the  eye. 

With  the  use  of  tungsten  lamps  ventilation  of  the  reflector 
or  lamp  fitting  becomes  necessary,  owing  to  the  high  tempera- 
ture of  the  filament,  if  the  lamp  is  to  last  any  length  of  time, 
and  with  half-watt  units  the  need  in  this  direction  becomes 
very  greatly  increased. 

The  details  of  fittings,  apart  from  reflectors  and  shades,  still 
leave  room  for  improvement.  Lanipholders  in  particular 
might  well  be  more  substantially  made,  and  with  more  area 
of  contact  in  the  electrical  parts,  ensuring  cooler  running  with 
lamps  of  high  candle-power. 

Flexible  cords  for  pendant  fittings  are  frequently  either 
poor  in  quality  or  deficient  in  section,  or  both,  and  frequently 
a  good  cord  is  used  in  an  unsuitable  position.  When  viewing 
iroJern  installations  in  factory  premises,  one  often  wonders 
if  proper  farton/  types  of  flexible  cord  have  yet  come  under 
the  purview  of  installing  contractors. 

M (tint net  (nid  U p/>  fep, ― Proper  systematic  maintenance 
of  electric-lighting  installations  is  a  matter  which,  in  this 
country,  has  received  but  the  scantiest  of  attention.  It  is  no 
uncommon  thing  for  a  factory,  or  other  buildiug,  to  spend  a 
large  sum  of  money  in  a  lighting  equipment  which,  once 
started,  is  left  to  take  care  of  itself  indefinitely,  with  the 
exception  of  spasmodic  attempts  at  lamp  renewals,  and  this 
only  when  tlie  lamps  become  either  burnt  out,  broken,  or 
stolen.  Tlie  cleaning  of  lamps  and  reflectors  is  never  thought 
of.  If  considered  properly,  the  lighting  is  virtually  a  tool, 
one  of  the  tools  necessary  to  the  work  going  on,  and  this  work 
cannot  be  as  properly  and  economically  done  if  tins  tool  is  to 
be  allowed  to  fall  into  utter  deterioration.  The  cost  of  light- 
ing commonly  bears  but  a  very  small  proportion  indeed  to  the 
total  staiid-by,  or、 "  dead-rent  "  charges  of  the  establishment, 
and  this  cost  could  only  be  increased  by  an  inappreciable 
amount  when  tlie  cost  of  systematic  maintenance  is  added.  In 
this  country  there  are  comparatively  few  electrical  firms  engag- 
ing in  maintenance  work,  and  their  charges  are  somewhat 
diverse,  being  apparently  based  more  upon  speculative  guess- 
work than  the  results  of  experience.  Recently,  the  author 
had  occasion  to  send  out  enquiries  for  maintenance  to  several 
firms,  specifying  carefully  all  necessary  detail.  The  following 
summarised  figures  illustrate  the  divergence  referred  to: — 

Type  of  Buildiug.  Maintenance  Costs. 

Firm  "A."    Firm  "B."    Firm  "C." 

Commercial    6.4  2'4  2*0 

Manufacturing  (a)..        5'2  3  07  4*0 

"  (/>)..       4-5  2*8  4-0 

Tlie  maintenance  costs  are  expressed  in  shillings  per  point 
per  annum,  and  include  renewals  of  lamps,  fuses,  switches, 
&c"  and  cleaning  of  all  shades   and    reflector's  ami  lamps 
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monthly,  with  tlie  exception  of  firm  "  B，"  who  did  not  include 
for  switch  renewals.  Maintenance  contracts,  when  carried  out 
by  general  electrical  contractors,  should,  in  the  author's 
opinion,  include  a  half-yearly  test  and  report  upon  the  insula- 
tion resistance  of  the  job  ;  a  point  by  point  test  of  the  earth- 
ing of  all  metal  work  :  checking  of  the  supply  company's  meter 
readings  and  quarterly  charges :  and  miglit  also,  in  many 
instances,  justly  provide  for  a  guaranteed  niininium  illumi- 
nation in  foot  candles  to  be  maintained  in  specified  areas  or 
places.  Ill  large  establishments  it  would  doubtless  pay  well  for 
the  engineer-in -charge,  or  his  staff,  to  carry  out  the  main- 
tenance duties  themselves,  the  owners,  of  course,  ordering  up 
material  required  for  renewals  as  requisitioned  by  them.  The 
necessity  of  proper  maintenance  has  been  einpliasized  by  a 
well-known  writer  on  factory  lighting,  Mr.  C.  E.  Clewell,  who 
points  out  that  in  extreme  cases  the  loss  of  light  produced  by 
dirt  on  lamps  and  reflectors  may  amount  to  as  much  as  50  per 
cent.  From  a  test  which  this  writer  has  published  concerning 
a  factory  installation,  the  deterioration  in  lighting  due  to 
dust  and  dirt  over  a  period  of  48  days  was  as  follows  :  Start- 
ing from  an  initial  illumination  of  4  foot  candles  at  the  end  of 
six  days  this  had  become  2'8  :  at  18  days,  2'2  ；  at  36  days,  2*1  ； 
and  at  48  days,  2.    Glass  reflectors  were  used. 

The  workers  themselves,  who  under  ordinary  circumstances 
pay  little  or  no  attention  to  the  quality  of  the  illumination, 
did,  I  noticed  in  a  certain  department  of  a  factory,  suddenly 
acquire  a  most  absorbing  interest  in  it the  reason  being  that 
they  had  been  -  changed  over  from  time-work  to  piece-work. 
Under  the  new  conditions,  mysterious  and  invisible  acts  of 
transference  of  new  clean  lamps  into  this  particular  depart- 
ment soon  developed  into  a  fine  art.  Proper  maintenance  had 
become  established —— unasked  and  unpaid  for.  (- 

Sirpphj  of  Current. ― The  opportunity  is  sometimes  pre- 
sented of  choosing  between  a  direct-current  supply  and  an 
alternating  current.  So  far  as  the  ordinary  working  voltages 
are  concerned,  there  is  little  to  choose  between  them,  if  metal 
filament  lamps,  either  of  the  vacuum  or  the  gas-filled  type, 
are  used.  If  small  candle-power  lamps  of  the  half- watt  type 
are  essential,  and  alternating  current  is  available,  a  static 
transformer  may  be  used  to  convert  down  from  a  higher 
voltage  to，  say,  50  volts  when  lamps  of  the  30  and  60-watt  sizes 
become  available  for  parallel  operation,  but  such  cases  require 
careful  consideration  if  the  runs  of  the  wiring  are  of  con- 
siderable length,  as  the  voltage  drop  may  necessitate  unusually 
heavy  conductors.  For  arc  lighting  one  generally  prefers  a 
direct-current  supply. 

With  low  periodicities  fluctuations  in  light  are  well  known 
in  alternating-cu rrent  arc  circuits.  It  has  been  stated  that  at 
25  cycles  the  variations  in  brightness  in  incandescent  lamps 
are  quite  perceptible  to  the  eye.  Naturally,  tlie  effect  becomes 
more  decided  if  metal  lamps  of  low  candle-power,  having  thin 
filaments,  are  employed,  these  readily  receiving  or  giving  up 
their  heat. 

Private  Plant  or  Fu^  Vtc  Supply, ― As  to  whether  tlie  supply 
of  current  in  the  case  of  a  large  industrial  establishment 
should  be  taken  from  a  private  plant  on  the  consumer's  pre- 
mises or  from  the  public  supply,  when  eac'li  course  is  open  to 
consideration,  is  a  question  which  lias  long  since  been  the  sub- 
ject of  controversy.  The  central  station  man  is,  or  should  be, 
a  salesman,  and  is  entitled  to  use  all  legitimate  means  of  push- 
ing business.  Such  items  as,  the  first  cost  of  a  generating 
j)]aiit,  interest  and  depreciation  thereon,  and  the  need  of 
skilled  labour  to  look  after  it,  can  readily  be  used  as  a  means 
of  suggesting  to  the  lay  mind  tliat  to  take  the  supply  off  the 
town  mains  is  the  only  economical  thing  to  do.  This  does  not 
necessarily  follow,  however,  and  essentially  so  in  the  case  of 
establishments  wliere  a  power  plant  is  put  down.  The  addi- 
tional cost  of  making  provision  in  the  power  plant  for  supply- 
ing the  lighting  current  is  coninionly  such  as  to  render  it  well 
worth  doing  on  economical  grounds,  whether  the  plant  be  for 
the  distribution  of  the  power  mechanioally  or  electrically. 
With  a  supply  from  his  own  plant,  the  owner  has  not  to  watch 
possible  variations  in  the  annual  cost  of  current  due  to  sucli 
causes  as  minimum  or  maxiinurii  demand,  total  units  consumed, 
&c.，  nor  to  enter  into  any  agreement  for  a  number  of  years 
in  order  to  get  down  to  what  may  appear  to  be  a  favourable 
rate  for  supply.    The  whole  question  must  be  thought  out  in 


nil  unbiased  way,  due  regard  being  paid  to  all  the  conditions 
affecting  the  particular  case  under  consideration. 

In  settling  upon  a  supply  from  the  public  service,  the  fac- 
tory owner  is  frequently  well  in  need  of  independent  advice 
as  to  agreements  for  charging,  if  the  most  economical  arrange- 
ment is  to  be  arrived  at.  When  a  typical  agreement  is  put 
forward  for  consideration,  before  the  prospective  consumer 
can  be  advised  as  to  taking  up  same,  one  needs  to  weigh  very 
carefully  the  several  conditions  which  are  commonly  sought  to 
be  imposed.  Sucli,  for  instance,  as  the  requirements  that  all 
the  consumer's  lighting  must  be  taken  from  the  one  source  of 
public  supply  only,  and  this  for  a  period  of,  say,  three,  five, 
or  more  years.  Further  than  this,  the  rate  of  supply  and 
system  of  charging  are  both  fixed  for  the  whole  period,  regard- 
less of  possibilities  which  might,  prove  advantageous  if  they 
were  open  to  be  adopted.  Supply  authorities  frequently  offer 
alternative  methods  of  charging,  usually  a  flat  rate,  and  a 
maximum  demand  system  is  one  of  its  several  forms.  With 
a  combined  power  and  lighting  load  it  is  not  unusual  for  a 
consumer  to  be  allowed  to  have  a  certain  proportion  of  the 
total  units  consumed  (say,  10  to  15  per  cent.)  to  be  allocated  to 
lighting,  any  proportion  above  this  being  charged  at  a  some- 
what higher  rate.  In  factories  wliere  the  load  is  mainly  power, 
this  works  out  very  satisfactorily  for  the  consumer,  and  like- 
wise, no  doubt,  to  the  supply  authority. 

Su'ifcli  ( \)iiirn]  of  h if/li  f  ///r/.— Proper  switch  control  of 
lighting  is  a  matter  well  worthy  of  more  careful  consideration 
than  it  usually  receives,  and  this  would  result  in  added  con- 
venience and  economy.  The  points  one  has  in  mind  are :  {a) 
A  more  liberal  use  of  switches  ；  better  location  ；  and  (c) 
the  use  of  two  or  three-point  control. 

{(f)  The  best  of  lamp  switches  are  not  expensive  to  buy, 
Itnd  by  providing  an  ample  number,  in  proportion  to  the  lamps 
installed,  every  facility  is  given  for  exercising  economy. 

{h)  For  individual  or  local  lighting,  the  switches  should  be 
as  conveniently  near  as  possible  to  the  lamps  controlled.  These 
can  be  further  controlled  by  a  master-switch  or  switches  placed 
conveniently  for  use  by  the  sliop  foreman,  who  would  also 
control  the  "  general  lighting." 

(c)  In  some  cases  it  is  a  great  convenience  to  be  able  to 
control  one  or  more  lights  from  two  or  more  positions,  by 
what  is  commonly  known  as  2-way  and  also  "  intermediate  " 
switching.  Lamps  switched  near  doorways  are  an  example. 
Economy  commonly  follows  the  convenience. 

Switches  in  factories  commonly  suffer  from  lack  of  adequate 
mechanical  protection.  Where  conduit  wiring  is  adopted,  iron 
switch  boxes  wliicli  absolutely  protect  the  switch  and  only 
leave  the  knob  projecting  are  to  be  preferred.  Owing  to  its 
light  construction,  the  ordinary  "  5-ampere  "  switch,  even  if 
only  loaded  to  less  than  half  this  amount,  is  at  modern  voltages, 
liable  to  rapid  wear.  The  author  has  often  found  it  pay 
well  to  adopt  switches  rated  as  10  amperes  for  2  or  3- ampere 
circuits  on  this  account. 

St/s ferns  of  W^irhu/. —— For  factory  use,  screwed  tube  is  very 
largely  used,  as  affording  a  good  mechanical  job,  as  well  as  a 
sound  one  electrically.  From  a  fire  risk  point  of  view,  it  is 
obviously  beyond  question.  It  should  preferably  be  kept  clear 
of  all  otiier  metal  work,  be  made  electrically  and  mechanically 
continuous  throughout,  and  properly  earthed  at  least  at  one 
point.  Inattention  to  earthing  of  metal  work  on  the  one 
hand,  and  to  the  careful  insulation  of  tlie  wiring  and  electrical 
conductors  generally  on  the  other,  may  often  lead  to  very 
unexpected  faults  in  the  lighting,  to  say  nothing  of  the  risk  of 
personal  shock  or  fire.  In  these  days,  when  cheapness  in  first 
cost  counts  for  so  much,  there  are  naturally  several  competing 
systems,  each  meeting  with  more  or  less  success,  according  to 
the  positions  chosen  for  their  use.  When  placed  well  out  of 
reacli,  and  in  dry  situations,  open  cleat  wiring  may  often  be 
used  very  successfully  to  form  a  cheap  job. 

With  a  view  to  maintaining  efficiency  in  the  lighting, 
attention  may  well  be  given  to  the  following  details  in  the  cir- 
cuit wiring  :  (1)  "  General  "  lighting  to  be  circuited  separately 
from  the  local  lighting,  and,  where  possible,  alternate  units  to 
form  a  circuit  ；  (2)  a  more  liberal  allowance  in  the  number  of 
circuits  or  "  ways  "  per  distribution  board  should  be  adopted, 
thus  insuring  a  minimum  of  the  lighting  units  being  out  of 
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iu-lion  ill  ll:e  event  of  a  circuit  fuse  blowing  ;  (3)  nioi-or  t'ircuils 
to  be  entitcly  distinct  I'roiu  those  supplyiui^  lighting,  botli  as 
regards  、virhig  ami  the  fusing  at  main  or  sub  main  distrihut  in*; 
boards. 


APPARATUS  FOR  DISCHARGING  AERATED  VAPOUR  FROM 
STEAM  CONDENSERS. 

An  arrangenuMit  to  discharge,  by  n<eans  of  ste;im  operated 
ejectors  ami  with  an  economical  expenditure  of  steam,  varying 
quHiitilies  o(  air  contained  in  aerated  vapour  which  has  been 
withdrawn  from  a  steam  condenser  under  vacuum  by  one  or 
more  steam  jets,  has  recently  been  designed  and  patented 
by  Mr.  D.  B.  Morison,  of  Hartlepool  Engine  Works,  Hartle- 
pool. Referring  to  the  illustration  it  comprises  multiple 
final  ejectois  C，  C,,  arranged  in  parallel  with  each  other  and 
in  series  with  the  ejectors  A  and  B，  E  and  F  being  interme- 
diate condensing  receivers.  The  passages  from  the  ejectors, 
namely,  the  combining  tubes  L,  are  provided  with  cocks  0， 
and  the  steam  supply  to  the  ejectors  is  provided  with  valves 
M,  so  that  one  or  more  of  the  ejectors  may  be  brought  into 
vise  when  desired.      The  ejectors  may  each  have  any  suitable 
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air  capacity,  and  in  the  arrangement  illustrated  they  are 
designed  for  capacities  for  discharging  respectively  lib.,  21bs., 
and  41bs.  of  air,  contained  in  the  aerated  vapour  withdrawn 
from  the  condenser  D，  per  unit  of  time,  and  may  be  operated 
in  the  following  manner  ： ― 


Ejuctors  in  Operation. 

Capacity  of  each  Ejector. 

Total  Capacity. 

A 

1 

1 

B 

2 

2 

A  +  B 

1  +  2 

3 

C 

4 

4 

A  +  C 

1  +  4 

5 

B  +  C 

2+4 

6  . 

A+B  +  C 

1+2  +  4 

By  these  means  of  selection  or  coaibiuation  the  capacity 
of  the  final  discharging  a])|)aratus  can  be  increased  by  such 
iiicrenieiits  as  will  enable  stability  to  be  maintained  through- 
out a  large  range  of  air  quantities,  and  the  air  can  be  dis- 
charged wiLli  a  highly  economical  expenditure  of  steam. 


USE  OF  TITANIUM  IN  STEEL  CASTINGS.* 

IJV  W.  A.  JANS9KN. 

Notwithstanding  all  that  has  been  said  concerning  the 
harnii'ul  elYects  of  phosphorus  and  sulphur  in  steel,  the 
occluded  oxides  and  gases,  such  as  iron  oxide,  Fe^O.,,  and 
an  undefiuable  oxide,  probably  FeO,  free  oxygen,  nitrogen, 
and  occluded  slags,  are  the  real  causes  of  many  of  the 
troubles  of  the  steelmaker.  It  is  with  the  occurrence  of  these 
elements  and  their  elimination  that  he  is  especially  con- 
cerned. It  has  been  definitely  demonstrated  that  the  presence 
of  oxygen,  and  possibly  nitrogen,  in  steel  reduces  its  static 
strength,  dynamic  properties,  and  abrasive  values,  and  in- 
creases its  tendency  to  corrode.  To-day  the  presence  of 
oxygen  aiiJ  oxides  in  steel  is  considered  more  harmful  tliaii 
even  relatively  large  amounts  of  phosphorus  and  of  sulphur. 
In  a  measure  the  same  is  true  of  nitrogen,  although  the 
investigations  in  this  direction  have  not  been  sufficiently 
complete  and  the  results  are  variable  and  uncertain. 
Advanced  methods  of  analysis  allow  the  isolation  and  deter- 
mination of  both  of  these  gaseous  constituents^.  Unfortu- 
nately insufficient  credence  has  been  given  to  their  existence. 

Many  analyses  of  steels  will  disclose  an  oxygen  content 
of  approximately  0  05  per  cent.  This  may  be  compared 
with  the  analysis  of  other  undesirable  constituents,  such  as 
phosphorus  and  sulphur.  It  must,  however,  be  borne  in 
mind  that  it  is  not  the  nascent  oxygen  itself  which  causes 
the  harm,  but  rather  the  compounds  which  it  so  readily 
forms.  The  presence  of  0*05  per  cent,  oxygen  may  mean,  if 
it  is  combined  with  the  iron,  the  existence  of  0*22  per  cent, 
of  oxide  of  iron,  an  amount  sufficient  to  materially  affect 
the  quality  of  the  metal.  Bessemer  or  converter  steels  con- 
tain the  largest  amount  of  occluded  oxides,  with  the  open- 
hearth  steels  next  (the  steel  made  by  the  basic  process  contains 
more  than  that  made  by  the  acid  process),  crucible  steels  next, 
and  electric  steels  last.  The  steels  made  in  the  electric  fur- 
nace are  practically  free  from  oxides.  It  will  be  seen  that 
the  accepted  range  of  the  quality  of  steels,  from  the  oxidis- 
ing bessemer  process  to  that  of  the  electric  furnace,  is  deter- 
mined by  the  freedom  from  occluded  oxides.  In  spite  of 
theories  to  the  contrary,  notwithstanding,  it  is  an  established 
fact  that  the  presence  of  oxides  in  steel  materially  accele- 
rates corrosion.  All  impurities  in  steel  are  electro-negative 
as  compared  with  iron  except  the  oxide  of  iroii，  which  is 
electro-positive.  The  difference  in  potential  set  up  between 
this  couple  in  the  presence  of  moisture  or  dilute  acids  causes 
the  steel  in  the  proximity  of  the  oxide  areas  to  corrode 
rapidly. 

The  reason  for  the  occurrence  of  cracks  in  steel  castings 
is  an  oft-debated  question.  Aside  from  cases  where  no  con- 
sideration has  been  given  to  the  proper  distribution  of  metal 
in  the  design  of  the  casting,  unduly  restricting  the  cooling 
and  shrinkage,  the  cause  for  cracks  has  been  considered  to 
be  due  to  reel-shortness.  These  defects  usually  are  found 
where  the  metal,  in  cooling  from  its  liquid  through  its  plastic 
or  viscous  state,  due  to  its  lack  of  stability,  cracks  under 
pressure  or  restricted  shrinkage.  Sulphur,  to  which  is  usually 
attributed  the  cause  of  red-shortness,  is  generally  given  credit 
as  being  the  cause  of  the  cracks.  Even  when  the  casting  has 
been  designed  properly  and  made  with  a  sulphur  content  of 
not  over  0'025  per  cent.,  these  same  cracks  appear  periodi- 
cally. An  examination  of  these  cracks,  even  with  this  abnor- 
mally low  sulpli lU'  content,  discloses  a  crystalline  fracture.  It 
has  been  observed  that  when  the  furnace  is  again  brought 
to  a  normal  condition  of  operation  and  the  amount  of 
occluded  oxides  reduced,  these  cracks  again  disappear.  It  is 
known  that  this  occluded  oxide  of  iron  also  has  the  property 
of  causing  red-shortness.  Furthermore,  it  has  been  observed 
that  in  an  over-oxidised  metal,  in  the  range  of  the  plastic 
state  of  cooling,  the  liability  of  the  occurrence  of  cracks  is 
greatly  increased. 

That  these  cracks  occur  in  castings  wliich  are  uniformly 
sound  and  free  from  blow-holes  throughout,  seems  to  indicate 
that  the  normal  addition  of  the  deoxidisers,  ferro-silicon  and 
ferro-inanganese,  which  are  governed  by  specifications,  do  not 
entirely  free  the  metal  of  its  oxides.    The  introduction  of 

*  Paper  read  before  the  Cleveland  meeting  of  the  Amcrictm  Foundrymen's 
Association,  September,  1916. 
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these  oxides  into  the  metal  is  primarily  dependent  upon  fur- 
nace inaiiipulation.  In  the  bessenier  process  it  may  be  due 
to  over-blowing,  in  the  opeii-liearth  j)rocess  to  the  use  of  too 
sharp  a  llaine,  the  admission  of  too  much  air  for  conibustioii, 
or  the  use  of  too  much  ore  in  refilling.  Even  in  the  electric 
I'urnacc,  which  is  supposed  to  refine  steel  in  a  neutral  atnio- 
sphere,  oxides  find  their  way  into  the  metal  due  to  the  iii- 
abilitv  to  maintain  the  calcium-carbide  slag,  which  is  the 
prima rv  function  of  an  electric  furnace  in  the  production  of 
deoxidised  steel.  With  present-day  furnace  operation,  which 
at  best  is  variable  and  manipulated  by  I'uleHDf-thumb,  the 
steelmaker  must  have  at  his  command  a  positive  deoxicliser 
or  cleanser  to  augment  the  ordinary  deoxidisers  such  as 
I'crro-silicoii  and  ferio-mangaiiese. 

With  the  discovery  of  ferro-alloys  of  silicon  and  man- 
ganese containing  high  percentages  of  the  active  elements 
came  the  hope  of  an  assured  uniform  quality  of  steel.  As 
deoxidisers,  modern  ferro-alloys  are  efficient  in  a  measure, 
but  have  certain  limitations.  It  is  the  function  of  these 
deoxidisers  to  combine  with  the  occluded  oxides  ；  the  result- 
ing products  rise  and  become  a  part  of  the  slag.  L'nfortu- 
iiatelv  the  temperature  of  the  metal  and  its  resultant  fluidity 
do  not  always  permit  these  deoxidisers  to  complete  their  cycle 
and  rise  to  the  slag  ；  they  are  entrapped  as  inclusions  and 
the  occluded  gases  are  not  entirely  deoxidised.  The  known 
presence  of  oxides  in  excess  of  the  amount  which  can  be 
deoxidised  by  the  usual  additions  of  ferro-silicon  and  ferro- 
manganese  is  net  permitted  because  of  specification  tolerances 
for  niaiigfaiiese  and  silicon  coiiteiil  - 

Silicon,  comparatively  speaking,  is  not  a  strong  dcoxi- 
diser,  and  when  it  is  added  to  steel  a  portion  of  it  remains 
in  the  steel  either  as  an  alloyed  constituent,  or  the  products 
of  its  oxidation  may  remain  as  inclusions.  The  usual  analyses 
for  silicon  do  not  disclose  whether  or  not  the  silicon  is  】:)i'e- 
sent  in  ttie  steel  as  an  alloyed  ^^ilicide,  as  silica,  or  as  the 
silicate.  Even  if  the  silicon  manifest  itself  as  a  silicide, 
showiiif^  a  high  silicide  percentage,  a  wild  heat  is  apt  to 
result,  requiring  the  use  of  a  further  deoxicliser  (aluminium) 
when  pouring  the  moulds.  In  conjunction  with  manganese^ 
double  silicates  of  iron  and  manganese  frequently  are  formed. 
Sucli  a  constituent  may  contribute  to  excessive  segregation, 
although  singularly  a  dirty  steel  often  discloses  very  little 
segregation. 

The  oxide  of  manganese  formed  with  the  use  of  ferro- 
niaiiganese  as  a  deoxicliser,  although  of  low  specific  gravity, 
may  not  rise  and  become  a  part  of  the  slag,  instead  it  be- 
comes entrapped  and  reacts  with  the  carbon  of  the  steel  to 
form  carbon  monoxide.  The  chemical  fonmila  is  as  follows  : 
MnO  +  C 二 Mn  +  CO 

( 'lieinical  analyses  do  not  disclose  in  what  coiubiiiation 
jjiangaiiese  is  present  in  the  steel,  whether  as  a  sulphide, 
carbide,  or  oxide.  If  present  as  a  sulphide  or  carbide,  it 
may  n)aiiifest  itself  as  a  segregated  area  of  weakness.  If 
present  as  the  oxide  of  manganese,  it  exists  in  its  most  dele- 
terious form.  The  existence  of  oblong  surface  blow-holes 
may  be  said  to  be  due  directly  to  the  presence  of  manganese 
oxide,  indicating  the  fact  that  the  metal  has  not  been 
thoroughly  deoxidised.  As  previously  stated,  the  manganese 
oxide  reacts  with  the  carbon  of  the  steel  to  form  carbon 
monoxide,  which,  by  expansion,  will  be  forced  to  the  surface 
of  the  casting,  resulting  in  the  foniialion  of  oblong  blow- 
holes. This  same  type  of  blow-hole  may  exist  due  to  the 
reaction  of  the  carbon  of  the  steel  with  the  iron  oxide.  Blow- 
holes iiiav  also  exist  in  other  parts  of  the  casting.  Usually 
they  are  either  spherical  or  lenticular  in  sliape,  and  generally 
they  are  due  to  imperfect  moulding,  imperfect  venting,  clamp 
sand,  or  1  he  eritrapj)ing  of  air  or  aqueous  vapoii r  formed  by 
the  hot  steel. 

The  actual  efi'ect  of  nitrogen  in  steel  is  still  a  mooted 
(j  nest  ion.  It  is  only  comparatively  recently  that  any  re- 
search hns  been  done  on  this  subject,  iho  most  of  which  has 
been  performed  by  European  iiiet-allurgists.  In  a  measure 
llieir  Umliiigs  have  been  incomplete  and  their  results  some- 
what variable.  This  may  be  due  to  a  variance  in  the  methods 
of  analysis.  Some  investigators,  even  after  synthetic  incor- 
poration of  nitrogen,  on  analysis  find  less  nitrogen  present 
than  others  find  in  the  usual  product  of  the  furnaces.  By 
some  it  is  held  that  the  effect  of  nitrogen  in  steel  is  much 
the  same  as  phospliorus,  in  that  it  causes  cold-shortness  and 
brittleiiess.    Analysis  of  steel  for  nitrogen  seems  to  indicate 


that  the  greatest  amount  is  found  in  bessemer  steel,  with 
smaller  amounts  in  the  o})eii-liearth  product  and  still  less  in 
steel  made  in  crucibles  and  electric  furnaces.  Tiie  anioiuit 
present  in  the  latter  processes  is  dependent  0:1  the  nitrogen 
content  in  the  stock  charged.  If  tne  presence  of  nitrogen 
be  determined  and  if  it  is  considered  undesirable,  its  elimina- 
tion or  reduction  can  only  be  ell ec ted  by  titanium  to  fori  11 
stable  titaiiium-Tiitride :  tcno-siiicon,  ferro-niaiigauese,  and 
even  vanadium  having  no  affinity  for  nitrogen. 

To  augment  the  deoxidising  effect  of  ferro- silicou  and 
ferro-niaiiganese,  steelmakers  have  resorted  to  the  extensive 
use  of  aluminium.  Aluminium  is  the  most  powerful  cleoxi- 
diser  known.  Nevertheless  its  use  in  quantity  is  a  menace 
in  that  tlie  resultant  product  of  oxidation ― alumina ― is  a 
viscous  oxide  which  has  a  melting  point  at  2,010°  C.  This 
material  is  infusible  at  the  temperature  of  the  molten  steel 
and  also  renders  other  slags  infusible.  Because  of  its  physical 
characteristics,  the  alumina,  as  formed  frequently,  does  not 
find  its  way  to  the  slag,  but  remains  entrapped  in  the  steel 
as  shot  or  streak  inclusions. 

Titanium,  until  a  comparatively  few  years  ago  looked 
upon  as  one  of  the  rare  metals,  undoubtedly  is  oue  of  the 
most  powerful  deoxidisers  and  denitrogenisers  known. 
Titanium  as  an  element  is  a  hard,  brittle  material  having  a 
greyish  silver  lustre.  It  has  a  melting  point  of  about  2,300。  C. 
Titanium  burns  energetically  in  oxygen  and  is  the  only  known 
element  which  "  burns  ，'  in  nitrogen.  It  is  widely  distributed 
in  nature,  usually  as  a  dioxide  in  rutile,  brookite,  anatase, 
and  in  some  clays  and  as  ferrous- titanate  in  titaniferrous  iron 
ores.  The  knowledge  of  its  effects  has  long  been  classic.  The 
use  of  titanium,  however,  was  prohibitive  because  of  its  high 
cost.  Titauiuni  at  the  present  time  may  be  obtained  as  one 
of  the  ferro-alloys. 

The  ferro-alloys  of  titanium,  in  general,  are  produced  by 
two  distinct  processes,  by  the  electric  furnace  process  as 
developed  by  Auguste  F.  Rossi,  and  by  Dr.  Hans  Goldschmidt 
by  his  well-known  aluminothermic  process.  Each  of  these 
alloys  has  its  own  particular  application,  the  function  of  both, 
however,  being  the  same.  The  ferro-alloy  made  by  the  Rossi 
process  consists  essentially  of  microscopic  particles  of  titanium 
carbide  held  in  a  matrix  of  grey  iron.  Its  analysis  is  as 
follows  :  Titanium,  15'79  per  cent,  ；  carbon,  7*46  per  cent. ； 
silicon,  141  per  cent.  ；  manganese,  0*1 1  per  cent.  ；  phos- 
phorus, 0'05  per  cent.  ；  sulphur,  0  08  per  cent.  ；  iron,  by 
difference,  74'30  per  cent.  Tlie  analysis  of  the  alloy  made 
by  the  Goldschinidt-thermit  process  is  as  follows  :  Titanium, 
20*22  per  cent.  ；  manganese,  0'50  per  cent.  ；  carbon,  less  than 
O'lO  per  cent.  ；  aluminium,  5  to  8  per  cent.  ；  phosphorus,  O'lO 
per  cent.  ；  silicon,  0'75  per  cent.  ；  sulphur,  0'02  per  cent. ； 
iron,  by  difference,  70.31  to  73*31  per  cent.  The  product 
made  by  the  thermit  process,  it  will  'be  noted,  is  peculiar 
because  of  its  aluminium  content  and  freedom  from  carbon. 

The  chief  value  and  merit  of  titanium  lies  in  its  positive 
action  in  the  removal  of  the  occluded  oxides,  nitrogen,  and 
entrapped  slags,  due  to  the  fusibility  of  titanic  oxide  as 
formed  and  its  greater  stability  as  compared  with  iron  oxide. 
Its  function  is  further  augmented  by  the  increased  fluidity 
due  to  the  increased  temperature  because  of  the  exothermic  re- 
action, thereby  permitting  freer  movements  of  the  oxidised 
products  to  slag.  lb  has  been  found  that  the  present-day 
method  of  using  ferro-titaiiium  is  to  augment  the  incompleted 
cycle  witli  ferro-titanium  after  the  other  deoxidisers  have 
been  added.  These  may  be  added  in  the  ladle,  or  in  the 
furnace  before  tapping.  After  the  titanium  has  been  added, 
it-  is  imperative  and  essential  that  the  ladle  be  held 
from  five  to  ten  minutes  before  pouring  in  order  to  allow  time 
for  the  completion  of  the  reactions.  No  fear  need  be  had  of 
the  chilling  of  the  metal,  inasmuch  as  the  temperature  is 
raised  appreciably,  due  to  the  exothermic  reaction.  It  is 
essential  that  the  titanium  be  not  added  until  after  the 
additions  of  ferro-silicon  and  ferro-manganese  liave  been  made. 
On  account  of  the  greater  affinity  of  titanium  for  oxygen, 
the  ferro-silicon  and  ferro- manganese  must'  be  given  an  oppor- 
tunity to  complete  their  primary  cleoxidation,  thereby  elimi- 
nating selective  oxidation.  It  is  also  essential  that  the  ferro- 
titanium  be  added  as  soon  thereafter  as  possible  so  that  the 
alloy  does  not  become  a  part  of  the  slag  and  there  perform  its 
deoxidation.  Ferro-titanium  has  its  application  as  a  deoxi- 
cliser and  cleanser  in  the  crucible,  converter,  open-hearth,  and 
electric  furnace  processes  of  steel  manufacture,  as  well  as  in 
the  cast  iron  and  malleable  iron  industries.    If  ferro-titanium 
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bo  usod  in  t lie  crucible  process,  it  niny  bo  aikled  as  a  part  of 
(he  cliar*^e,  beiiij;  placed  well  down  toward  the  bottom  of 
tile  pot,  or  added  a  ft  (M*  the  inan<;aiiese  addition  has  becMi 
niatle.  Because  of  its  intensiluHl  allinil v  tor  occluded  gases 
and  c'loausiut;  action  on  inclusions,  its  use  oxUmkIs  to  the 
mot allurii;i(*;il  j)rocesscs  tor  t lie  more  t'ominoii  iioii-Fcrrous 
allows  ami  to  rare  metals. 

Titanium  in  coiiibiuing  with  oxygen  to  form  titauiinii- 
oxide  with  a  heat  I'ornialioii  of  21；), 000  calories,  acts  as  a 
flux  for  silicates  and  other  slags,  which  normally  would  remain 
ill  the  slag,  rendering  tliem  sufficiently  fluid  to  rise  through 
the  metal  and  pass  into  the  slag.  Titanium,  when  at  about 
800。  C.，  combines  with  nitrogen  to  fonn  the  stable  titanium- 
nitride  which  usually  finds  its  way  to  the  slag.  Microscopic 
examination,  however,  sometimes  reveals  the  existence  of 
occluded  tiny,  hard,  pink  crystals  of  titaniuni-nitride,  which, 
however,  are  less  harmful  in  effect  than  the  occiudecl  nitrogen. 
With  all  these  beneficent  effects,  its  use  beyond  a  certain 
ainoiint  is  of  no  avail  and  iu  a  measure  harmful. 

Titanium,  singularly,  does  not  fonn  alloy  sieels  as  do 
the  other  deoxidisers,  such  as  silicon,  manganese,  and  vana- 
tliuni.  Many  analyses  of  titanium  treated  steels  do  not  reveal 
a  titanium  content  higher  than  0  025  per  cent.  With  the  use 
of  alloys  containing  more  than  10  to  15  per  cent,  titanium, 
the  results  are  not  as  effective  owing  to  the  slower  rate  of 
solution.  Much  has  been  said  and  written  about  the  relative 
efficiencies  of  ferro-carboii-titanium  and  the  carbon  free  alloys, 
with  particular  reference  to  their  comparative  solubilities 
because  of  the  carbide  content.  The  carbon  in  the  ferro- 
carbon-alloy  in  excess  of  that  present  as  titanium-carbide  is 
present  almost  entirely  as  graphitic  carbon,  which  iu  all 
probability  does  not  aifect  the  rate  of  solution.  If  there  be 
an  effect,  in  all  probability  it  is  offset  by  the  lower  rate 
of  solution  of  the  alloy  of  higher  titanium  content.  The 
carbon  free  alloy  has  a  special  application  to  the  lower  car- 
bon steels  of  definite  carbon  content  which  might  be  increased 
by  the  use  of  the  carbon  alloy.  Its  use,  however,  involves 
the  presence  of  aluminium  with  possible  Al^O^  coiitaniina- 
tioii. 

The  amount  of  ferro-titanium  used  depends  iu  a  measure 
on  the  kind  of  steel  to  be  treated.  In  rail  steel  an  addition 
of  lolbs.  cf  the  15  per  cent,  alloy  per  net  ton,  representing  a 
itictallic  titanium  addition  of  010  per  cent.,  is  satisfactory. 
In  the  use  of  titanium  for  steel  castings  the  addition  of  Hlbs. 
lu  per  ton  of  metal  charged,  in  adition  to  the  usual 

ferro-silicon  and  ferro-maiiganese  additions,  is  usually  suffi- 
cient to  deoxidise  the  steel.  The  amount  of  ferro-titanium 
added,  however,  should  be  dej>erident  on  the  quantity  of 
impurities  which  are  to  be  removed  and  the  process  of 
iiiaiiufactuie. 

Some  claims  have  been  made  for  the  use  of  titanium  in 
excess  of  the  amounts  necessary  for  cleoxidation  in  the 
elimination  of  siilj)hur  and  phosphorus,  or  at  least  to  convert 
MieiTi  into  compounds  having  less  harmful  effect.  It  has 
l)cen  stated  that  the  sulpliur  is  eliminated  as  a  sulphide  or 
as  a  sulpho-cyaiiicle  of  titaninin  and  that  the  phosphorus 
])assp^'  to  the  slag  as  titaniinn-phosphate.  These  claims  in 
Iheir  entirety,  however,  have  not  l)eeii  substantiated. 

In  the  low  carbon  or  soft  steels  the  presence  of  blow-holes, 
occluded  gases,  and  slag  inclusions  is  greatly  aggravated  clue 
t  o  the  iiietal  being  longer  subjected  t  o  the  oxidising  ad  ion  of 
tlic  flame  or  l)last,  or  because  of  its  being  necessary  to  increase 
the  teniperatiire  of  the  metal  for  successful  and  economic 
teeming.  Soft  steels,  because  of  this  low  carbon  content, 
cool  more  rapidly  after  having  reached  a  point'  of  initial 
solidification,  thereby  the  occluded  gases  are  not  afforded 
sufficient  time  to  escape  before  the  metal  has  reached  its 
plastic  state.  Titanium,  properly  apportioned  in  conjunc- 
tion with  proper  treatment,  will  cleanse  and  purify  the  metal. 
With  the  use  of  titaniiun  in  the  higher  carbqu  steels,  it  has 
been  found  thai  these  sieels  are  softer  and  less  l)riitle  than 
si  eels  of  the  same  carbon  in  which  t  il  aniuni  lias  not  been 
employed,  due  in  all  probability  to  the  more  uniform  dist  ri- 
bul  ion  of  tlie  I'erritc  network. 

Ill  alloy  steels,  where  special  alloys  siicli  as  jiickel, 
clironiium,  and  Dianganese  are  added  because  of  a  special 
function,  the  quality  and  properties  of  the  metal  are  im- 
proved by  the  further  adition  of  titaniiun  for  the  elimination 
of  the  oxidry  of  nickel  and  chroiniiiiii,  both  of  which  con- 
tribuie  to  the  britl-leness  of  steel.  The  manufacture  of  man- 
ganese steel  is  greatly  benefited  by  the  proper  addition  of 


t  iiunium.  Wil  li  i  hv.  use  ol"  tJiis  alloy,  t  he.  nian^aiiCHC  is 
(lissoiiiiiiah'd  u"if("'mly，  mnilt  i"g，  wil  li  proper  Ileal  Ircai- 
meiil ,  in  u  t  ougli,  lioniof^eiieous  product . 

Durino  t  he  past,  lew  years  qxM'ilical  ioiis  ior-  sted  castings 
iof  sj)ecilu'  (N'signs  aitcl  service  have  dciiiajHlc*!  t lie  use  of 
vanadium.  Although  the  presence  of  vanadium  in  steel  un- 
doubtedly has  impi'oved  its  physical  properties,  it  is  ([ueslioii- 
able  whether  vanadium  manifests  its  iiiaxiniuiii  erticiency 
in  j)laiii  carbon  steels,  especially  withiii  the  carbon  range  of 
steel  castings.  The  vanadium  addition  is  calculated  as  nn 
alloying  constituent,  the  amount  present  in  the  final  product 
being  within  three  or  four  points  of  the  desired  calculated 
content.  Vanadium  has  manifested  its  great  est  value  when 
used  ill  .conjunction  with  clironiium  and  nickel  as  a  deoxi- 
diser.  Vanadium  is  only  70  per  cent,  as  efficient  as  titanium, 
and  has  hut  Jittle  effect  upon  nitrogen. 

It  will  be  seen  that  with  proper  pro]>ortioning  of  llie 
alioy  and  })roper  manipulation  of  the  heat,  steel  is  improved 
ill  density,  strength,  toughness,  and  durability  when 
titanium  is  used.  This  improved  quality  of  product  is  not 
due  to  any  direct  or  alloying  effect  of  titanium,  but  rather 
to  its  value  as  a  deoxidiser  and  cleanser  in  removing  harmful 
occluded  gases  and  slags.  It  must  not，  however,  be  looked  upon 
as  a  cure-all  to  rectify  the  evils  of  poor  stock  selection  and 
bad  furnace  practice,  but  rather  to  make  good  steel  better  hy 
further  augnieiitiiig  the  incomplete  reactions  of  the  best 
present-day  deoxidisers  and  clarifiers  now  in  use.  With  Ihe 
eliminatiou  of  the  occluded  oxides  and  slags,  steel,  because 
of  its  increased  density  and  homogeneity,  has  improved  static 
and  dynamic  properties.  A  comparative  test  of  20  untreated 
and  treated  heats  showed  an  increase  in  the  ultimate  strength 
of  approximately  15  per  cent,  with  no  reduction  iu  elasticity 
and  coutractiou.  A  remarkable  endurance  test  was  con- 
ducted by  Enrique  Touceda  on  untreated  and  titanium 
treated  steels  of  practically  the  same  chemical  composition. 
The  test  was  conducted  in  a  Wright-Souther  machine  at  a 
fibre  stress  of  38,8721bs.  The  untreated  steel  withstood 
2,676,000  revs,  at  this  pressure,  whereas  the  titanium-treated 
steel  withstood  18,274,900  revs,  at  pressures  varying  from 
38,8721bs.  up  to  45,9391bs.  fibre  stress. 

Many  tests  made  on  rails  and  machine  parts  indicate  the 
ability  of  titanium-treated  rails  to  withstand  shocks  and 
abrasion,  the  life  of  gears  and  rails  being  about  50  per  cent, 
greater  than  those  made  of  untreated  steels.  In  a  comparative 
test  on  gears  it  was  found  that  titaniuiii-ireated  gears, 
although  made  of  0'20  per  cent,  carbon  steel  too  soft  to  be 
ordinarily  considered  acceptable  for  machine  parts,  outlasted 
untreated  steel  gears  of  the  same  composition  three  to  one. 

Steel,  instead  of  being  a  homogeneous  chemical  compound, 
川 list  be  considered  as  a  heterogeneous  mechanical  aggre- 
gate of  crystals  of  definite  shapes,  welded  on  to  the  adjacent 
crystals.  The  efficacy  of  these  welds  and  the  ultimate 
strength  of  steel  against  fracture,  rupture,  and  fatigue  is 
directly  dependent  upon  the  absence  of  segregated  impurities 
which  segregate  at  the  boundaries  of  these  crystals.  With 
tlie  eliniiiiation  of  these  occluded  impurities  by  the  use  of 
titanium  these  crystals  are  brought  into  a  closer  weld  with 
one  anol  her.  Segregation  is  further  reduced  by  the 
eliitiiiKil  ion  of  the  occluded  oxides,  which,  because  of 
lower  specific  gravity,  rise  and  form  a  path  for  tlie  selective 
segregalion  of  phosphorus,  sulphur,  and  the  crystals  of  higher 
carbon  coiisiitiiency. 

Wit  li  the  present  high  cost  of  ferroinangaiiese  and  the 
attendant  shortage  of  supply,  the  writer  has  carried  on  some 
extensive  experiments  to  conserve  his  ferro-nianganese  with- 
out a  fleeting  the  quality  of  the  product.  Realising  that  the 
manganese  j)re«ent  in  steel  castings  contributes  only  indirectly 
ill  increasing  the  strength,  the  purpose  of  these  experiments 
was  to  reduce  the  nuiiigauese  from  0"75  to  0"5()  per  cent.  To 
be  assured  of  the  same  strength,  the  usual  ferro-iuauganese 
addition  was  reduced  from  o^OMjs.  for  a  *JO-ton  lieal  to  'JOOlbs. 
ami  t  he  f'erro-litaniiun  addition  increased  from  GOlbs.  to 
] ！ 201bs.  Tensile  tests  for  these  heats  showed  an  average  ulti- 
mate strength  of  68,0001bs.,  for  an  0  '20  per  cent.  car1)ou 
steel,  with  an  average  elongation  of  30  per  cent,  and  a  reduc- 
tion of  area  of  47  per  cent. 

It  can  be  well  appreciated  that  the  use  of  feri'o- titanium 
ill  making  steel  castings  is  no  longer  an  innovation,  but 
rat  her  a  necessity  to  offset  the  vagaries  and  shortcomings  of 
present-day  pi'actice,  thereby  making  good  steel  better. 
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THE  PRODUCTIONiOF  SOUND  STEEL  INGOTS. 

The  physical  properties  of  wrought  steel  depend  in  part  on  its 
chemical  composition  and  in  part  on  the  mechanical  and 
thermal  treatment  which  it  has  received.  The  ingot  is  the 
phase  in  its  manufacture  in  wliicli  it  is  prepared  for  physical 
treatment.  The  casting  of  sound  ingots,  simple  though  it 
may  be  imagined  to  be  by  those  whose  work  begins  with  the 
finished  bar  or  sheet,  is  a  process  literally  as  complex  as  the 
microscopic  structure  of  the  steel  itself.  In  modern  steel  works 
practice  the  chemical  composition  of  the  metal  can  be  identi- 
fied and  its  heat  treatment  controlled  with  considerable 
precision  and  the  effect  can  be  followed  closely  by  micro- 
scopical and  other  methods.      The  production  of  the  ingot. 


Fig.  1.  Fig.  2. 

Genkral  Outlinks  of  Successive  Layers  of  Metaxs  in  Ingots 
AS  Ordinarily  Cast  in  Tapered  Moulds. 

on  the  contrary,  is  subject  to  many  influences  to  which 
quantitative  determinations  cannot  be  applied  in  practice,  and 
it  remains  largely  an  empirical  process. 

The  faults  which  occur  in  the  production  of  the  ingot  do 
not  necessarily  disappear  in  its  subsequent  treatment.  On 
the  contrary,  many  of  them  may  accompany  the  material 
lliroughout  the  whole  of  its  manufacture  and  become  either 
I  he  reason  for  its  rejection  and  consequent  waste  of  labour  or 
the  hidden  cause  of  disaster  in  use. 

Tht'  Growth  of  "n  Ingot, ― What  occurs  in  the  solidifica- 
tion of  an  ingot  is  generally  accepted,  but  the  actual  form 
which  the  conditions  of  its  growth  compel  its  interior  to  take 
is  not  so  generally  recognised.  The  dominant  fact  is  that  the 
layers  which  set  successively  are  roughly  parallel  to  the  walls 
of  tiie  mould,  and  preserve  a  similar  inclination  to  each  other. 
They  are  not  accurately  parallel,  because  the  rate  of  cooling 
varies  in  different  parts  of  the  ingot.  The  sides  of  the  outer  shell 
which  set  first,  for  instance,  contract  and  withdraw  themselves 
from  direct  contact  with  the  walls  of  the  moulds,  thus  reduc- 
ing their  cooling  effects,  while  the  base  remains  constantly 
in  contact  witli  the  bottom  of  the  mould.  This  differential 
value  of  the  cooling  surfaces  is  appreciable,  but  is  quite 
insufficient  to  prevent  the  inclination  of  the  walls  from  con- 
trolling that  of  successive  layers.  This  fact  has  recently  been 
pointed  out  by  Mr.  Harry  Brearley  (Journal  of  the  West  of 
Scotland  Iron  and  Steel  Institute,  March,  1916),  and  is  botli 
illustrated  by  liim  with  reference  to  ingots  which  were 
emptied  or  bled  at  various  stages  of  solidification  and  confirmed 
by  a  series  of  observations  in  the  solidification  of  sterine,  in 
which  he  was  able  to  study  the  phenomena  of  cutting  more 
closely  and  continuously  than  was  practicable  with  metal. 

Figs.  1  and  2  show  the  general  outlines  of  the  successive 
layers  by  which  ingots  as  ordinarily  cast  grow  in  taper  moulds. 
As  is  seen  in  Fig.  1，  an  ingot  cast  in  a  taper  mould  with  its 
small  end  up  forms  ultimately  a  closed  solid  with  a  liquid  in 
its  interior.  This  liquid  metal  will  shrink  on  cooling,  leaving 
a  pipe  or  cavity  ；  and  the  cooling  process,  being  there  at  its 
lowest,  will  favour  the  segregation  or  separate  crystallisation 
of  impurities  along  the  central  axis,  while  the  solid  closure 
of  the  cavity  at  the  top  will  prevent  the  segregates  from  rising 
into  the  head  of  the  ingot.  A  similar  cavity  is  seen  in  both 
figures  at  the  upper  part  of  the  ingot,  and  unsoundness  tlirougli 
lliis  cavity  is  avoided  in  practice  by  discarding  ilie  upper  part 
of  the  ingot  in  which  it  is  visible.      Fig.  1  shows,  however, 


that  no  such  precaution  will  remove  tlie  unsoundness  due  to 
the  lower  pipe. 

In  both  types  of  ingots  the  actual  depth  of  the  upper  pipe 
will  vary  with  the  size  of  the  ingot,  the  nature  of  the  steel, 
and  other  circumstances.  But  in  those  cast  with  the  large 
end  up,  drawing  the  shrinkage  of  metal  from  a  larger  cross- 
section,  the  depth  of  the  pipe  is  less,  while  the  longer  time  for 
■which  the  metal  remains  liquid  in  the  upper  part  permits 
a  larger  part  of  the  segregates  to  rise  into  the  head. 

These  facts  are  the  more  important  because  the  con- 
venience of  stripping  the  moulds  without  waiting  until  the 
ingots  are  sufficiently  set  to  be  handled  safely  causes  a  large 
proportion  of  ingots  to  be  cast  with  the  small  end  up. 

Top  ((ud  Bottor?t^rou ring, ― The  conditions  of  casting 
ingots  differ  also  according  as  the  metal  is  brought  up  into 
the  mould  from  the  top  or  the  bottom.  In  top  casting  the 
mould  can  be,  and  usually  is,  filled  more  quickly  than  in 
bottom  casting,  where  the  liquid  metal  has  to  rise  against  its 
own  head.  As  against  this  advantage,  which  is  more 
material  to  quantity  than  to  quality  of  output,  bottom  cast- 
ing has  advantages  of  its  own.  If  the  metal  is  introduced 
quite  centrally  and  vertically  through  the  base,  it  flows  more 
evenly  over  the  surface  of  the  mould  than  if  cast  from  the 
top,  giving  a  cleaner  skin  and  less  chance  of  the  premature 
solidification  of  splashes.  The  immediate  contact  of  the 
metal  with  the  sides  and  its  relatively  slow  rise  give  a  quicker 
setting  and  a  thicker  solid  crust,  reducing  in  this  way  the 
volume  of  liquid  metal  and  the  size  of  the  pipe  which  its 
shrinkage  will  cause. 

In  a  usual  form  of  bottom  casting  the  top  of  the  mpuld  is 
closed  except  for  a  vent  hole  ；  and  the  thick  crust  which 
forms  through  contact  with  the  top  serves  to  seal  the  ingot 
from  the  air  and  to  give  a  better  chance  that  the  cavities 
which  are  left  will  be  unoxidised  and  will  weld  up  under 
the  subsequent  treatment. 

In  some  practice  the  mould  in  bottom  casting  is  left 
open  at  the  bottom,  and  is  placed  over  a  hole  in  a  thin  runner- 
brick  through  which  the  metal  is  introduced.  If  the  mould 
is  not  placed  centrally  over  the  hole,  or  if  the  hole  is  chipped 


-       Fiu.  3. —Ingot  Mould  with  Hot-top  and  Largk  End  Up,  showimg 
IMethod  of  Introducing  Steel  in  Bottom  Pouring. 

or  partly  melted,  the  metal  is  not  delivered  symmetrically 
into  the  mould,  and  under  the  head  which  is  behind  it  may 
splash  against  the  sides  and  otherwise  set  up  lines  of  weak- 
ness in  the  ingot. 

M ()(]<' rn  Vvdctue . ― Leaving  out  the  methods  which  have 
been  and  are  used  for  closing  cavities  under  pressure,  which 
involves  a  co^ly  plant  and  considerable  revision  of  existing 
arrangement,  the  best  known  nietliod  of  increasing  the  sound- 
ness of  ingots  and  reducing  the  percentage  which  has  to  be 
scrapped  is  that  of  Sir  Robert  Had  field.  It  has  long  been 
recognised  that  if  the  metal  is  kept  liquid  in  the  top  of  the 
mould,  the  pipe  is  fed  and  filled  up  to  within  a  short  distance 
below  the  final  level  of  the  liquid,  while  the  segregates  float 
up  and  are  found  in  the  head.  In  making  small  crucible 
cast  ingots,  for  instance,  the  upper  part  of  the  mould  is  lined 
with  a  wliite-liot  fire-clay  sleeve  or  nozzle,  wliicli  stops  the 
])iping,  though  not  the  contraction  cracks. 
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A  more  vii^orous  mol  luul  hast  1)(h、u  t  ried  by  covering  f  ho 
lop  of  tJie  nioi al  wit li  charcoal  and  burnini>  it  wit h  a  blast 
of  air  ；  but  while  this  mei  liod  t>'ivos  t  he  lu^cessary  heat  ami 
keeps  the  metal  ext  renioly  liquid,  it  is  apt,  to  carbonise  I  lie 
upper  layers  of  t  he  metal  and  to  iiiirocliu'e  serious  variations 
into  t he  coni})()siti()n  of  the  ingot.  K rupp  has  covered  the 
fop  of  the  ingot'  with  molten  slag.  The  solution  of  the 
problem  which  lladfield  has  introduced  is  lo  use  the  charcoal 
and  blast,  but  first  to  cover  the  metal  with  molten  slag  ； 
lluis  providing  whatever  extra  heat  is  wanted  for  keeping  the 
metal  liquid  wliile  interposing  the  slag  to  prevent  carbonisa- 
tion of  the  metal. 

The  use,  however,  of  a  separate  blast  on  eacli  mould  in(  i-o- 
duces  a  complication  to  which  many  works  would  be  averse, 
and  obviously  tlie  method  "ui'st,  require  some  care  to  prevent 
t  lie  charcoal  from  coming"  in  contact  with  tlie  steel  which  first 
solidified  around  the  top  of  the  mould  and  forming  with  it  a 
liquid  cast  iron  which  would  flow  down  into  tlie  ingot,  which 
in  tlie  absence  of  precaution  could  readily  happen  when  tlie 
level  of  the  Flag  falls  through  shrinkage  of  the  liquid  steel. 

Successful  though  the  method  has  been  in  the  works  in 
vvliich  it  lias  been  used,  an  alternative  would  be  preferred 
by  many  steelmakers  in  which  no  additional  material  and  no 
extraneous  lieat  is  required.  Such  an  alternative  is  now 
being  worked  in  the  following  manner  :  The  moulds  are  used 
large  end  up  and  the  metal  is  cast  from  tlie  bottom,  which 
is  solid  (Fig.  3)，  having  a  central  aperture  fitted  with  a  renew- 
able fire-clay  lining  which  stands  over  the  hole  in  the  runner- 
brick.      This  arrangement  insures  the  metal  ))eing  delivered 


卜 rate  in  nuy  blank  is  shown  up  ai  oiice  on  Imriii^  and  I  Ix; 
ohservfd  ions  on  occasional  sections  have  ])e(Mi  con  ft  rincd  l>y 
llie  fuel  f.liMl.  no  rifle  l)arrel   l>l;mk   lias  boon    I'miml    lo  l,cs 


Fig.  4.  Fig.  5. 

Fig.  4  represents  an  Ingot  as  Usually  ('aht. 
Fig.  5  beprksents  a  Section  oy  a  12in.  Squark  Ingot  Pouued  fiiom 
Bottom  in  a  Large  End-up  Ingot  with  a  Hot-top. 

truly  up  the  axis  of  the  ingot  and  avoids  the  troubles  which 
ordinarily  arise  through  inevitable  defects  in  the  runner- 
brick  hole.  By  the  use  of  a  vacuum  cleaner  just  before  cast- 
ing, any  dirt  which  may  have  fallen  into  the  mould  is  removed, 
and  the  ingots  are  obtained  with  a  clean  skin  from  the  very 
bottom. 

The  top  of  the  mould  is  covered  with  a  cast-iron  head 
with  inclined  sides,  furnished  with  internal  projections  which 
serve  to  hold  a  thin  refractory  lining  and  the  heat  winch  this 
head  catches  and  reflects  on  to  tlie  surface  of  the  metal  keeps 
the  upper  part  of  the  metal  liquid  for  feeding  the  body  of  the 
ingot  as  it  shrinks  until  the  seg^'egates  have  passed  up  into 
the  head  and  the  ingot  lias  set  solid. 

This  process  involves  little  or  no  alteration  in  existing 
methods  of  working.  It  is  used  in  more  than  one  works  in 
Sheffield,  England,  and  lias  been  in  constant  operation  for 
many  years  in  at  least  one  large  steel  plant  in  America,  both 
for  small  and  very  large  ingots.  Sections  taken  from  time 
to  time  have  invariably  shown  an  ingot  sound  up  to  the  head, 
as  is  seen  in  Fig.  4，  wliicli  reproduces  the  secton  of  a  12iii. 
square  ingot  intended  for  conversion  into  sliell  billets  and  may 
be  compared  with  Fig.  '「）  showing  an  ingot  cast  in  the  ordinary 
way.  For  tlie  last  eiglii  inoutlis  tlie  same  size  billets  made  by 
this  process  have  been  ado))ted  for  rifle  barrel  blanks  and 
supplied  for  this  purpose  with  the  rejection  of  only  the  head, 
which  only  weighs  10  per  cent,  plus  or  Tuinus  1  per  cent,  of 
the  whole  ingot.     The  presence any  unsoundness  or  segie- 


Y"Jd  of  I /tf/ofs.~  T\\e  improvenieiiis  in  soundiiosH  of  ingots 
which  tliese  modern  processes  have  now  made  is  ilierelorc. 
shown  not  merely  l)y  their  conformity  with  the  requirerrieiilH 
of  the  physical  phenomena  of  casting,  but  by  prolonged  and 
continuous  experience.  But  the  proportion  of  tlie  upper  rl 
of  the  ingot  wliicli  is  scrapped  in  ordinary  practice  for  many 
purposes  including  shells,  remains  for  the  most  part  unalt.crod. 
Under  tliis  practice  a  minimum  of  20  per  cent,  is  discarded 
t'rom  top- cast,  iii<(ots  and  25  per  cent,  from  bottom-cast'  in^^ots, 
and  is  niiicli  more  tlian  is  required  to  disclose  a  sound  lop  in 
the  part  whicli  is  left  for  use.  But  even  so,  unsoundness 
may  still  possibly  exist  below  the  solid  top.  Considering^ 
the  small  control  which  the  usual  nietliods  exercise  over  iJie 
inlet  of  metal  iii  bottom-cast  ingots  and  over  the  loss  of  Ileal 
and  formation  of  pipes  in  ingots  of  both  kinds,  the  practice 
as  applied  to  them  has  not  been  needlessly  severe. 

As  much,  however,  cannot  be  said  of  the  application  of 
this  practice  to  ingots  made  under  the  modern  processes  whicli 
have  been  described.  Taking,  for  instance,  the  figures  of  tlie 
last  process,  it  is  clear  that  after  discarding  15  per  cent,  from 
the  top  of  such  ingots  the  whole  of  the  suspicious  region  will 
have  been  removed,  with  an  am  pie  margin.  No  part,  of  tlio 
remainder  will  be  more  likely  to  be  unsound  than  any  oilier 
part  of  the  ingot  ；  no  further  security  will  be  gained  by  dis- 
('ardim^r  a  larger  quantity,  and  the  ingot  so  cropped  will  l)e  far 
more  likely  to  be  sound  than  the  ingots  of  ordinary  itianu f'ac- 
lure  which  liave  been  cropped  in  accordance  with  tlie  present 
ordinary  practice. ― "  The  Iron  Age." 

BALMFORTH'S  ELECTRIC  FURNACE. 

It  is  usual  in  electric  furnaces  of  the  electrode  type  to  cool 
the  electrodes,  wliere  they  pass  through  the  roof  of  the  furnace, 
by  water  jackets,  which  rest  on  and  are  secured  to  the  roof. 
Ill  this  arrangement  there  is  the  drawback  that  considerable 
time  and  labour  are  spent  in  removing  these  jackets,  when- 
ever any  repairs  of  the  roof  are  required.  An  arrangement 
has  recently  been  patented  by  Messrs.  T.  Balmforth  &  Co.， 
Ltd.,  River  Lea  Boiler  Works,  Luton,  Bedfordshire,  in  which 
the  water  jackets  are  not  supported  by  the  roof  of  the  furnace, 
but  are  carried  by  arms  adjustable  on  a  vertical  support  so 
as  to  be  swung-  clear  of  the  roof  at  any  time.  An  adjustment 
in  a  vertical  direction  enables  the  position  of  a  jacket  to  be 
adapted  to  suit  any  changes  in  the  height  of  the  roof  due  to 


lUiiMPORTH's  Electric  Furnace. 
expansion  and  contraction  caused  by  variations  of  tempera- 
ture. The  arrangement  is  shown  in  the  illustration  as  applied 
to  a  hmiace  with  three  electrodes.  The  electrodes  are  sui'- 
rounded,  where  they  pass  through  the  roof  of  the  furnace,  by 
water  jackets  B.  Each  jacket  is  supported  by  arms  C，  which 
are  clamped  in  the  required  positions  by  screws  to  a  vertical 
bar  D,  supported  in  a  bracket  fixed  to  the  side  of  the  furnace. 
When  it  is  required  to  remove  a  jacket,  the  corresponding 
electrode  is  withdrawn,  the  jacket  raised  slightly,  if  necessary, 
by  lifting  the  bar  D  by  means  of  the  supporting  screw  H  and 
swung  to  one  side  about  the  axis  of  the  bar  D.  The  screw  H 
also  serves  to  adjust  the  position  of  the  water  jacket  for  any 
variations  in  the  height  of  the  roof. 
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RECENT  STREET  LIGHTING  PROBLEMS  AND 
DEVELOPMENTS.* 

BY  J.  R.  CRAVATH,  M.W.S.E. 

In  order  to  consider  recent  street  lighting  problems  and 
developments  in  their  proper  light  we  must  necessarily  con- 
stantly refer  back  to  the  older  conceptions  of  the  street 
lighting  problem,  many  of  which  older  conceptions  still  exist 
in  the  minds  of  the  lay  public,  and  to  some  extent  among  the 
members  of  the  engineering  fraternity  who  have  not  closely 
followed  street-lighting  matters. 

The  most  noticeable  change,  to  the  layman,  has  been  the 
change  in  the  illumiiiants  available.  The  open  carbon  arc 
lamp  of  25  years  ago  gave  way  to  the  enclosed  carbon  arc  lamp 
of  lower  efficiency  and  lower  maintenance  cost  and  this  in 
turn  is  giving  way  to  the  luminous  or  magnetite  arc  lamp 
and  the  gas-filled  tungsten  incandescent  lamp  The  low 
efficiency  series  carbon  filartient  street  lamp  used  up  to  about 
10  years  ago  found  but  limited  application  in  spite  of  the 
decided  advantages  of  small  units  for  the  lighting  of  most 
residence  streets.  The  series  tungsten  lamp,  first  in  its 
vacuum  and  later  in  its  gas-filled  form,  has  within  the  last  10 
years  worked  radical  changes  in  the  possibilities  of  proper 
treatment  of  residence  street  lighting,  and  the  multiple 
tungsten  lamp  is  found  on  hundreds  of  miles  of  "  white  way  ，， 
on  business  streets. 

The  competitive  street  illuminant,  gas,  has  also  been  doing 
its  share  of  progressive  work  the  past  25  years  ；  the  first  and 
most  important  change  being  the  mantle  burner  in  its  upright 
form  supplanting  the  flat  flame  open  burner.  Later  the 
inverted  mantle  and  improvements  in  burner  construction 
as  well  as  in  methods  of  maintenance  have  kept  gas  from 
giving  way  entirely  to  electric  street  illuminants. 

In  the  electrical  field  just  at  present  the  two  kinds  of  lamps 
whicli  hold  the  supremacy  are  the  gas-filled  tungsten  incan- 
descent lamp  and  the  luminous  or  magnetic  arc  lamp  with 
the  new  high-efficiency  electrodes.  The  flame  arc  lamp  with 
long-burning  electrodes  as  used  in  Chicago  and  some  other 
cities  has  shown  such  a  decrease  of  candle  power  due  to  fouling 
of  the  globes  between  trimmings  as  to  put  it  out  of  competi- 
tion with  the  two  other  lamps  just  mentioned.  Its  initial 
efficiency,  however,  is  high. 

Ideas  as  to  the  proper  methods  of  rating  lamps  for  street 
lighting  have  undergone  radical  changes  along  with  our  in- 
•crease  of  knowledge  as  to  the  actual  photometric  performances 
of  lamps  and  their  accessories.  It  is  impossible  to  adopt  any 
one  rating  that  will  properly  value  a  lamp  for  street  purpos^^s 
ars  there  are  such  vrried  conditions  to  be  met  on  different  kinds 
of  streets  There  is,  however,  substantial  agreement  among 
leaders  in  illuminating  thought  and  practice  that  all  lamps  of 
whatever  kind,  whether  for  interior  or  exterior  illumination, 
should  first  be  rated  according  to  total  lumens  emitted  ； 
or  upori  what  is  the  same  thing  differently  expressed,  viz., 
mean  spherical  candle  power.  This  as  a  first  step  in  uniform 
methods  of  rating  is  now  being  made,  and  is  a  great  improve- 
ment over  the  old  methods  of  rating  by  candle  power  in  some 
particular  direction,  said  direction  sometimes  being  chosen 
To  best  suit  the  desires  of  the  lamp  salesman.  On  account 
of  incandescent  electric  lamps  having  been  rated  so  long  upon 
a  horizontal  candle-power  basis,  and  such  candle  powers 
having  been  included  in  many  street-lighting  contracts,  it  is 
hiill  the  practice  of  the  lamp  manufacturers  to  give  the  hori- 
zontal candle-power  rating  for  series  street  incandescent 
lamps;  but  since  the  horizontal  candle  power  of  a  gas-filled 
lam p  with  a  coiled  filament  is  an  exceedingly  variable,  and 
difficult  to  determine,  quantity,  the  practice  is  to  give  the 
rated  horizontal  candle  power  as  one-tenth  the  total  lumens 
of  the  bare  lamp.  Thus  a  lamp  rated  at  100  horizontal 
candle  power  is  a  lamp  giving  1,000  lumens  total  light  flux. 
This  method  of  rating  is  approximately  fair  to  all  concerned, 
and  in  fact  is  about  the  only  feasible  way  out  of  the  difficult 
situation  which  arose  when  the  introduction  of  coiled  fila- 
rn  ent  gas-filled  lamps  rendered  horizontal  candle  power 
measurements  so  erratic.      Those  engaged  in  writing  street 
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lighting  contracts,  however,  should  incorporate  the  foregoing 
slipulafions  as  to  how  the  horizontal  candle-power  rating  is 
obtained  so  as  to  avoid  any  possible  future  question  on  that 
point. 

However,  the  rating  of  a  lamp  by  total  flux  output  in 
lumens  of  mean  spherical  candle  power  is  now  recognised  as 
only  the  first  step  in  ascribing  the  lamp  a  relative  value  for 
street  illumination.  It  is  important  that  the  distribution 
of  light  flux  be  such  that  as  large  a  percentage  as  possible 
is  directed  where  it  is  most  needed.  The  particular  places 
where  the  greatest  flux  of  light  is  needed  or  rather  the  par- 
ticular angles  at  which  the  greatest  flux  should  be  emitted 
depends  on  the  height  and  spacing  of  lamps  and  the  nature  of 
the  roadway  or  pavement.  In  general,  it  is  a  safe  rule  to 
follow  to  get  as  much  of  the  flux  delivered  midway  between 
lamps  as  possible.  It  is  conceivable  that  this  might  be  over- 
done ； but  not  with  present  appliances  or  under  any  common 
present  conditions  of  street-lighting  practice.  Tests  made  by 
the  street-lighting  committee  of  the  National  Electric  Light 
Association  and  Association  of  Edison  Illuminating  Com- 
panies in  1914  and  1915，  indicated  that  discernment  of  obstruc- 
tions and'  obstacles  along  a  street  might  be  less  with  nearly 
uniform  illumination  coming  from  a  number  of  sources  than 
with  less  uniform  illumination  coming  from  few  larger  sources. 
Conditions  where  an  object  can  receive  considerable  light  from 
a  number  of  sources  are  only  found  on  business  streets  and 
boulevards  where  the  available  expenditure  per  foot  of  street 
is  much  lighter  than  in  residence  streets.  Residence  streets 
constitute  the  far  greater  mileage  and  the  most  important 
problems  in  street  lighting,  and  call  for  the  most  intelligent 
planning  to  get  the  best  results  on  account  of  the  small  appro- 
priations available.  On  such  streets,  there  is  no  present 
danger  that  the  uniformity  of  illumination  or  the  multiplicity 
of  ligRt  sources  illuminating  any  one  point  will  be  so  great 
that  quick  or  easy  discernment  is  less  tlian  it  would  be  with 
a  smaller  number  of  large  sources.  In  such  locations  the 
main  question  is  how  far  can  the  lighting  units  be  sub-divided 
and  be  kept  within  reasonable  expense  limits. 

The  auxiliary  appliance  (consisting  of  globe,  reflector,  or 
what  not)  that  delivers  as  much  of  the  light  flux  as  possible 
on  the  street  midway  between  lamps  (but  not  very  much 
beyond  that  midway  point),  is  likely  to  be  by  far  the  most 
economical  for  most  conditions,  and  the  use  of  proper  equip- 
ment of  this  kind  is  important.  As  a  second  step,  therefore, 
in  our  process  of  rating  illuminants  we  must  consider  the  lamp 
as  equipped  with  whatever  auxiliary  appliance  may  deliver 
the  flux  of  light  in  proper  proportion  along  the  street  for  the 
given  conditions  in  question. 

Along  with  the  rating  of  lamps  comes  the  question  of 
depreciation  of  the  lamp  under  actual  service  conditions  below 
the  performance  of  the  same  lamp  in  the  laboratory  when 
new.  This  necessitates  consideration  of  the  actual  blackening 
or  fouling  of  globes  in  service  and  the  amount  that  deprecia- 
tion in  service  may  be  prevented  by  proper  cleaning  and  main- 
tenance. This  depreciation  is  much  more  serious  than  com- 
monly supposed,  and  should  be  watched.  This  brings  us  to 
the  question  of  contract  relations  between  lighting  companies 
and  municipalities  to  ensure  proper  maintenance.  The  time- 
honoured  form  of  contract  is  to  stipulate  a  certain  candle 
power  of  lamp  to  be  operated  according  to  a  certain  lighting 
schedule  at  a  flat  rate  of  so  much  per  year.  In  some  contracts 
this  has  been  wisely  modified  to  stipulate  a  certain  type  and 
kind  of  lamp  with  possibly  some  further  stipulations  as  to 
operating  conditions  and  maintenance.  Maintenance  stipu- 
lations in  most  contracts  are  decidedly  weak. 

It  was  at  one  time  proposed,  and  in  fact  recommended, 
by  the  1907  and  1908  committee  of  the  National  Electric 
Light  Association  on  street  lighting,  that  street  illumination 
be  sold  on  the  basis  of  the  illumination  obtained  on  a  vertical 
plane  about  midway  between  the  lamps.  This  recommen- 
dation, however,  did  not  find  favour  in  practice,  and  it  is 
perhaps  fortunate  that  it  never  did  as  it  confuses  the  question 
of  lamps  and  systems  of  illumination  in  an  undesirable  way. 
In  1913  a  committee  of  the  same  association  recommended 
that  the  desirable  form  of  contract  should  specify  definitely 
the  kind  of  lamps  and  their  performance^  leaving  the  question 
of  the  proper  spacing,  equipment,  height,  kind  of  lamp,  &c -， 
to  be  determined  in  advance  of  the  contract.  Under  such  a 
procedure  the  lighting  company  would  contract  to  maintain 
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ami  operate  certain  specified  types  of  hitnps  up  to  a  certain 
s{>tvitiod  staiulard  of  service  detenniiicd  by  caiutle  power 
tests.  It  might  be  specilied  thai  such  tests  be  made 
on  t  he  streets  or  by  removal  of  street  lamps  to  the 
laboratory  and  operating  Ihem  in  the  laboratory  under  as 
nearly  as  possible  actual  street  conditions.  Such  con- 
tracts should  not  be  entered  into,  however,  without  a 
full  knowledge  of  the  actual  street  performance  of  the  lamps 
ill  question.  Extensive  experience  in  checking  street  perfor- 
mance against  the  performance  of  new  lamps  in  the  laboratory 
causes  me  to  urge  extreme  caution  in  t  his  respect,  as  the  dis- 
crepancies between  these  two  performances  are  great  in  most 
cases.  However,  in  some  cases  the  existence  of  street  perfor- 
mance tests  has  had  a  very  marked  effect  in  improving  main- 
tenance conditions.  This  improvement  has  sometimes  been 
fully  equal  to  that  of  a  much  heralded  improvement  in 
efficiencies  of  lamps  as  accomplished  by  the  manufacturers. 
Lamp  efficiency,  therefore,  is  both  a  manufacturing  and  an 
operating  matter,  and  every  large  contract  should  have  some 
check  on  maintenance. 

As  to  the  broader  economic  aspects  of  street  lighting  con- 
tracts there  have  been  some  interesting  recent  developments. 
Public  utility  commission  regulation  in  many  states  has  helped 
to  remedy  conditions  of  over-charge  and  under-charge  for 
street  lighting  service.  Assuming  that  a  public  utility  commis- 
sion does  its  duty  in  a  theoretically  perfect  manner,  munici- 
palities should  pay  continuously  the  actual  cost  of  street-light- 
ing service,  including  the  depreciation  caused  by  obsolesence  of 
street-lighting  lamps  and  apparatus  due  to  the  rapid  changes 
in  the  street-lighting  art.  Such  ideal  conditions,  however, 
have  rarely  been  found  in  practice  as  yet  and  most  critics  are 
paying  too  much  or  too  little  for  such  service.  In  order  to 
provide  flexibility  in  a  street- lighting  contract  a  few  contracts 
have  been  drawn,  under  which  the  city  pays  on  a  kilowatt- 
hour  basis  much  like  a  private  customer.  If  the  city  owns  the 
lamps,  it  is  then  free  to  change  the  size  and  type  of  lamp 
as  often  as  it  may  seem  fit  without  the  necessity  of  renewing 
a  street-lighting  contract  or  having  a  commission  investiga- 
tion. City  ownership  may  even  extend  to  circuits  and  poles 
with  purchased  energy.  Equitable  results  should  be  obtained 
with  either  form  of  contract,  and  the  choice  must  depend 
largely  on  the  relative  flexibility  of  the  two  methods  in  any 
given  case. 

I  have  left  the  most  important  changes  in  our  conceptions 
of  what  constitutes  the  real  problem  of  street  lighting  until 
the  last.  How  are  lamps  to  be  spaced,  how  high  are  they  to 
be  mounted,  and  how  equipped  as  to  globes  and  reflectors,  to 
give  the  best  discernment  of  objects  along  the  street,  with  the 
best  general  appearance  ；  or  if  the  questions  of  easy  discern- 
ment and  pleasing  appearance  are  not  answered  in  the  same 
way,  what  point  of  compromise  shall  be  adopted  ？  An  early 
idea  was  that  the  effectiveness  of  a  system  of  street  lighting 
depended  mainly  on  the  total  candle  power  of  the  lamp  placed 
along  a  street  without  much  regard  for  the  height,  distance 
apart,  equipment,  or  size  of  each  unit.  Later,  more  scientific 
ideas  were  advanced,  based  on  the  illumination  along  the 
street.  Ten  or  fifteen  years  ago,  vertical  illumination  was  the 
chief  thing  considered  in  street  lighting.  Later  horizontal 
illumination  on  the  street  surface  received  more  consideration. 
All  of  the  following  have  been  proposed  as  criterions  for  the 
value  of  a  system  of  street  illumination  :  (1)  Minimum  vertical 
illumination  between  lamps  ；  (2)  average  vertical  illumina- 
tion ； (3)  minimum  horizontal  illumination  ；  (4)  average  hori- 
zontal illumination.  None  of  these  is  sufficient,  and  all  of 
these  together  would  be  incomplete  for  the  reasons  given  later, 
but  if  one  is  selected  as  a  practical  working  measure  for  resi- 
dence streets  at  the  present  time,  minimum  vertical  illumina- 
tion between  lamps  would  probably  be  as  good  a  criterion  as 
could  be  established,  and  minimum  horizontal  illumination  for 
business  streets,  but  these  are  far  from  taking  into  account 
all  of  the  conditions  which  influence  clearness  of  vision.  In 
the  year  1910  two  memorable  contributions  to  the  literature 
and  knowledge  of  street  lighting  were  made.  One  of  these, 
by  Mr.  Preston  S.  Millar,  before  the  Illuminating  Engineering 
Society,  showed  that  a  considerable  portion  of  our  seeing  by 
street  ligViting  at  night  is  by  virtue  of  the  silhouette  effect, 
whereby  objects  are  seen  as  dark  silhouettes  against  a  light 
surface  background.  Illumination  of  the  street  surface  rather 
than  the  vertical  objects  on  it  is  necessary  for  this. 

The  other  contribution  was  by  Mr.  A.  J.  Sweet  in  the 


Journal  of  the  Franklin  Instilute,  in  which  the  hlinding 
e fleet H  of  glare  were  studied.  Tlie  blinding  efTe (； I  of  glare,  tlial 
is,  the  e fleet  of  a  row  of  lamps  within  the  line  of  vision  when 
looking  along  a  street  at  night,  renders  ineU'eciual  a  certain 
percentage  of  the  light  expended  upon  the  street  for  the 
purposes  of  illumination,  because  it  decreases  the  a])ility  of 
the  eye  to  see.  The  existence  of  such  an  eflect  is  easily  demon- 
strated by  anyone,  but  quantitative  rneasurerrieiits  of  it  were 
first  published  in  1910  as  stated,  and  have  since  been  studied 
in  more  detail  by  Mr.  Sweet. 

We  see  objects  along  a  street  at  night  just  as  we  see  all 
objects  at  any  time,  namely,  by  virtue  of  difTerences  in  l>right- 
】iess  and  colour  of  their  surfaces.  A  study  of  silliouette  edect 
in  connection  with  this  fact  leads  to  some  interesting  results. 
As  stated,  a  considerable  portion  of  our  discernment  at,  night 
is  by  virtue  of  this  silhouette  effect.  Fortunately,  the  reflec- 
tion from  paved  surfaces  is  greatest  at  very  oblique  angles,  so 
that,  as  shown  by  Millar,  the  brightness  of  a  street  surface  is 
much  more  nearly  uniform  than  would  be  indicated  by  a 
measurement  of  horizontal  illumination.  All  this  helps  to 
make  a  uniform  background  for  a  silhouette  effect. 

The  avoidance  of  glare  effect  (which  in  common  past  prac- 
tice may  easily  be  such  as  to  call  for  from  1'2  to  1*8  times  the 
illumination  that  would  be  necessary  if  glare  were  not  present) 
is  partially  accomplished  by  increasing  lamp  heights.  Good 
practice  now  mounts  lamps  from  16ft.  to  25ft.  and  even  30ft. 
in  height,  where  formerly  heights  from  10ft.  to  14ft.  were 
employed. 

As  to  how  far  it  is  feasible  to  reduce  the  blinding  effect  of 
glare  materially  by  the  use  of  refractors  which  reduce  the  flux 
of  distant  lamps  entering  the  eye,  without  too  much  darken- 
ing of  the  street  surface  between  lamps,  is  a  point  upon  which 
conclusive  demonstration  may  be  looked  for  soon.  That  a 
partial  solution  of  the  difficulty  is  feasible  there  is  no  doubt. 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  24th. 

Aluminium  ingot  、•   - per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  ，， 

,,         sheets       ，,  ,，    一  ,， 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   l/4g  per  lb. 

,,    tubes  (brazed)    1/(5^  ，， 

，，        ，,    (solid  drawn)    1  /4|  ，， 

，，        "    wire    1/3 1  ,, 

Copper,  Standard    £123/10/-  per  ton. 

Iron,  Cleveland   87/6  ，， 

"    Scotch    ―  " 

Lead,  English   £32/5/-  ，， 

，， Foreign  (soft)   £30/-/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/ —  per  lb. 

，，  "       ，，         medium    3/6  to  6/—  " 

,,  ，，       ，，         large    1/6  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    32 J d.  per  oz. 

Spelter  (American)   £51/-/-  per  ton. 

Tin,  block    £180/-/-  per  ton. 

Tin  plates,  I.C   32/0  per  box. 

Zinc  sheets    £72  per  ton. 


The  Junior  Institution  of  Engineers.— The  activities  of  the 
winter  session  commenced  on  Friday,  October  6th,  when  Mr.  E. 
Eade  opened  the  series  of  Friday  evening  "  informal  discus- 
sions," taking  for  his  subject  "  Stability  and  Use  of  Cranes 
under  Working  Conditions."  During  October  similar  lec- 
turettes  will  be  given  on  "  Principles  and  Application  of  the 
Oil  Engine  "  by  Mr.  W.  H.  Abrahams,  and  ('  Time  Saving  as 
a  Science  "  by  Mr,  A.  II.  Stanley.  The  ordinary  monthly 
meeting  was  held  on  Wednesday,  October  IStli,  when  Mr. 
Frederic  H.  Taylor,  A.M. I. E  E.,  A.M.I.M.E.,  read  a  paper 
on  "  Industrial  Lighting  by  Electricity."  A  special  series  of 
five  lecturettes  will  be  given  on  alternate  Friday  evenings  from 
October  20th  by  Mr.  E.  Fiander  Etchells  on  (1)  "  A  Common- 
sense  Notation  for  Engineers,"  (2)  "The  Practical  Use  of 
Units  in  the  Evaluation  of  FormuLne,"  (3)  "  How  to  Memorise 
Formulse,"  (4)  "Logic  of  the  Differential  and  Integral  Cal- 
culus," (5)  ' '  Practical  and  Illustrative  Examples  of  the 
Application  of  the  Newer  Concepts." 
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CORRESPONDENCE. 

Fuel  Economy  on  the  North-east  Coast  as  a  Result  of 
Electric  Power  Supply. 

To  the  E  litor  of  "  The  Mechanical  Engineer.'' 

Sir, -- The  paper  on  this  subject  by.Mr.  R.  P.  Sloan,  reported 
in  your  issue  of  the  13tli  October,  as  read  before  the  British 
Association  at  Newcastle-on-Tyne,  on  September  8th,  1916，  is 
a  valuable  contribution  to  the  question  of  fuel  economy,  and 
probably  it  will  be  regarded  by  engineering  experts  as  quite 
satisfactory  from  a  technical  or  theoretical  point  of  view.  In 
so  far,  however,  as  Mr.  Sloan's  observations  convey  to  your 
readers  the  impression  that  the  waste  beat  problem  has  been 
solved  in  favour  of  the  general  users  of  power  on  the  North- 
east Coast  it  is  somewhat  misleading. 

However  great  the  saving  of  fuel  may  be  by  the  utilisation 
of  waste  heat  in  the  production  of  electricity,  and  whatever 
future  economies  may  be  effected  by  other  means  by  the 
refonns  at  present  being  devised  by  the  experts  of  the  Insti- 
tution of  Electrical  Engineers,  cheapness  of  production  docs 
not  mean  a  clieap  price  to  the  users  of  power  in  the  North  of 
England  in  the  extensive  areas  o】）ei'ated  by  the  Cleveland  and 
Durham  group  of  power  companies  extending  to  the  counties 
of  Nort huinberlHiid,  Durham,  and  Yorkshire. 

By  selling  practically  all  its  shares  in  1906  to  a  holding 
company,  the  parliamentary  company,  the  authorised  under- 
taker, having  extensive  rights  and  obligations  on  the  North- 
east Coast,  has  delegated  these  rights  and  obligations  to  the 
holding  company,  which  is  expressly  forbidden  by  Section  11 
of  tlie  Electric  Lighting  Act,  1882,  and  Section  14  of  the 
Electric  Lighting  Act,  1909.  Thus  the  authorised  undertaker 
is  no  longer  a  free  agent  to  make  its  own  electricity,  or  to  buy 
in  bulk  in  the  best  market.  The  holding  company  controls 
the  whole  bulk  supply  and  compels  the  parliamentary  com- 
pany to  take  its  supplies  from  the  holding  company  at  the 
holding  company's  price.  It  therefore  follows  that  the  ques- 
tion of  price  to  flie  consumer  is  in  the  hands  of  tlie  holding 
company,  "which  has  neither  obligations  or  rights  under  the 
Electric  Lighting  Acts,  and  can  divert  either  to  itself  or  to 
its  friends  all  the  profits  of  the  autliciised  undertaker,  or  as 
much  as  it  thinks  fit.  Under  these  conditions  what  value 
are  the  statutory  accounts  meant  for  the  protection  of  the 
public,  and  of  what  use  are  the  clauses  in  the  Electric  Light- 
ing Acts  regulating  prices  and  dividends?  Who  is  to  hold  the 
scale  between  this  powerful  organisation  and  the  consumer 
when  that  organisation  can  buy  other  companies  ad  lib.  to 
snatch  the  main  profits  of  parliamentary  undertakings  as  the 
waste  heat  plant  lending  company  lias  done. 

Not  only  has  the  holding  company  compelled  the  parlia- 
mentary company  to  take  its  bulk  supply  of  electricity  at  its 
own  price.  It  has  compelled  tiie  parliamentary  company  to 
buy  large  quantities  of  plant  at  a  price  giving  tens  of  thou- 
sands profit  to  the  holding  company  by  adding  a  paper  value 
to  the  parliamentary  company's  plant.  Year  after  year  this 
paper  value  in  excess  of  cost  has  remained  in  the  parliamen- 
tary company's  statutory  accounts,  wliile  the  holding  com- 
pany's directors,  as  the  sole  shareholders  and  directors  of  the 
parliamentary  company,  which  lias  a  million  authorised  share 
capital,  have  passed  and  declared  dividends  from  the  parlia- 
mentary company,  which  have  been  used  to  pay  the  attenuated 
preference  dividends  of  tlie  holding  company.  The  directors 
of  the  holding  company,  as  the  sole  shareholders  of  the  parlia- 
mentary company,  vote  to  themselves  their  own  fees,  re-elect 
themselves  directors,  appoint  auditors,  and  go  through  the 
form  of  passinc(  resolutions  required  of  proper  shareholders. 
This  is  the  business  burlesque  vaunted  by  tlie  directors  of  this 
influential  organisation,  as  worthy  of  the  best  traditions  of 
British  enterprise. 

This  powerful  combination  when  repeatedly  challenged  in 
the  Press  lias  had  no  public  justification  for  its  antics.  The 
Board  of  Trade  lias  reported  that  tlie  authorised  undertakers 
are  "  undertakers  in  name  onlv,"  but  under  existing  law  the 
Board  of  Trade  do  not  appear  to  have  the  power  to  apply  a 
remedy.  Wliat  therefore  is  the  first  step  to  remedy  other  than 
putting  pressure  on  Parliament  to  tlioroughly  investigate  the 
whole  matter  ？  What  prospect  is  there  of  the  proper  benefit- 
of  future  economies  reaching  the  ocUieries,  iron  works,  ship- 
hnildiiifj  varcls,  pnf^^iiieeririf;  establislunents,  and  the  numerous 


other  industries  on  the  North-east  Coast  under  present  con- 
ditions?― I  am,  yours  faitlifully, 

Andrew  Gemmell 
(A  former  secretary  to  electric  })o\ver  conipanieis). 
Oviugliam-ou-Tyne,  October,  1916. 


NEW  PATENTS. 

Sprrifications  of  the  following  are  noio  published,  ar)d  xve  .shall 
be  plea!^rd  to  forward  copies  jwst  free  on  rcccipi  of  8d.  Address 
"Mechanical  Engineer,^*  53,  New  Bailey  Street,  Mancherytcr, 

MECHANICAL,  1915. 

Heating  furnaces.    Hi  si  op  &  Hislop.  5040. 
Tjatlios  or  boring  macliiiies.    Andrew  &  Barracloiigli.  9475. 
Rotary  compressors  and  exhaustors.    Johnston,  and  Cilobe  Pneu- 
matic Kiigiiieeriiig  Coinnaiiy.  12360. 
Carburetters  of  i liter nal-conibu.stion  engines.    Bergasse.  loL39. 
Annealing  furnaces.    Morris.  16212. 
Ships,    dniniet.  16467. 

Soldering  of  alinnininm  or  aluuiininni  alloys.  Overend,  Griiilinton, 
and  Overeiid  Alu minium  .Soldering  ProcesseSj.  Ltd.  17118. 

1916. 

Valve  gear  for  internal  combustion  engines.    Concavisj  A.  201. 
Fluid  pressure   braking    apparatus.     Westinghouse    Brake  Com 
paiiy.  589. 

Slide  rests  for  tm'iiiiig  latlies.    Oldakci'j  M.  S.  791. 
Machines  for  screwing  and  tapping  metals.    CollLs,  A.  TiYo, 
RivotirifT  apparatus.    McMiiloji,  R，  McMilltMi^  A.，  and  Workman, 

Clark,  &  Co.  1078. 
Internal  fittings  for  boiler  tiiljcs.    Henderson,  T.  1570. 
Kaihvay  signalling  apparatus.    0，J)muiell，  J.  1).  5073. 
Method  and  means  of  usiii^  paraffiii  or  cinde  or  heavy  oils  in 

internal-combustion  engines.    Wilkinson^  F.  A.  5921. 
Carburetting  apparatus  for  i nternal-combustion  engines.  John 

son,  E.  W.  6577. 
Turning  lathes.    Cone,  F.  L.  6820. 

Vaporisers  for  intern al-combiistioii  engines.      Robinson,    \{.  P. 

6824.  ^ 
Engine  cylinder  for  single- acting  combustion  engines.     K ilbiirn, 

B.  E.  D.  7338. 

I^aihvav-signalling  apparatus.  O'Doiiiiell,  J.  P.,  and  Knox,  H.  8. 
8577.  ， 

ELECTRICAL,  1915. 

Means  for  minimising  sparking  at  break  of  a  circuit  containing 
inductance  and  capacity  in  series.    AVall.  13568. 

Hi(;h  frequency  dvnamos.  British  Thomson-Houston  Company. 
18904.  ' 

Electro  magnetic  power  transmission  apparatus.   Xenland.  13912. 

Dynamos.    Neulancl.  14160. 

Dynamos  of  the  commutator  type.    Walker.  14216. 

Portable  telephone    and   telegraph   instruments.  International 

Electric  Company,  and  Le  Noir.  14232. 
Telephones.      International    Electric   Companv，    and    Lc  Noir. 

14233.  " 
Alternating-current  electric  motors.    Shaw,  Shaw,  &  Sharp.  146.50. 
Systems  of  electijc  welding.    Wilson,  Andersen.  &  Curtis.  17833. 

1916. 

Current  liniiters  or  electric  interrupters.   Petterseiij  K.  894. 
Sparking  plugs.    Lamkin.  A.  E.  5240. 

Electrolytic  cells.    Churchill  &  Co.，  C"  and  Geeraerd,  E.  6735. 

Means  for  earthing  electric  conductor  conduits.  Rushton，  G.，  and 
Lacy,  L.  U.  7347. 

Method  and  apparatus  for  vary! up;  the  pressure  in  electro- 
magnetically-operated  carl)on  pressure  regulators.  Akt.  Ges. 
Brown,  Boveri,  et  Cie.  8698. 

Electric  couplings.  Allmaniia  Svenska  Elektriska  Aktiebolaget. 
9745. 

Electric  cable  joint  boxes.    Vernier^  C.  10.)54. 

Means  for  telephonic  communication  to  and  from  inoving  railway 
trains.    AVer ii or,  V.  G.,  and  Warfvinge,  K.  H.  11658. 


Institution  of  Civil  Engineers  :  Awards. ― In  addition  to 
tlie  awards  already  announced  the  Council  have  made  the 
following  awards  for  papers  published  in  the  Proceedings 
without-  discussion  during  the  session.  1915-1916  :  Telford 
Premiums  to  Messrs.  Hubert  Mawson  (Liverpool),  T.  W. 
Keele  (Sydney),  R.  W.  Holmes  (Wellington,  N.Z.)，  W.  Fairlev 
(London),  J.  M.  Greathead  (Johannesburg),  T.  C.  Hood 
(Manmad,  India),  and  J.  B.  Ball  (London)  ；  the  Maiiby  Pre- 
mium to  Mr.  W.  C.  Cushincr  (Pittsburg,  U.S.A.)  ；  and  the 
Crampton  Prize  to  Major  C.  E.  P.  Sankey,  D.S.O.,  K.E. 
(London).  The  Indian  Premium  for  1916  has  been  awarded 
to  Sir  John  Benton,  K.C.I. E.  (Eastbourne). 
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For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
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By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ：  Member  of  the  Institute  of  Mechanical  Engineers, 
Associate  Member  of  the  Institution  0/  Civil  Engineers. 
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Diagram .  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal- combustion  Engine  Diagrams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
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Internal-combustion  Engines. 
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*  Foreign  Remittances  by  International  Money  Order  only. 
Note, ― Direct  annual  subscriptions  include  a   Free  Copy  of 
Fowler's  "  Mechanical  Engineers'  Pocket  Book," 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Publishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 

Production  and  Competition. 

In  his  address  to  the  Institution  of  Mechanical  Engineers,  on 
the  occasion  of  his  accession  to  a  second  year  of  office,  Dr.  W. 
Cawthorue  XTnwin,  the  president,  took  occasion  to  refer  to 
some  criticisms  by  Dr.  Dugald  Clerk  on  certain  remarks 
in  the  coMrso  of  his  first  presidential  address  ou  the  relative 
industrial  development  of  Great  Britain  and  Germany.  As 
we  commented  on  these  at  the  time  (see  our  issue  for  Novem- 
ber 26tli  last),  it  is  but  reasonable  that  Dr.  Unwinds  reply 
should  also  be  presented.  In  his  first  address  he  urged  that 
Germany,  since  the  war  of  1870，  had  progressed  in  many  indus- 
tries much  faster  than  we  had  done,  and  quoted  figures, 
mainly  in  connection  with  the  steel  industry,  to  support  his 
view.  It  was  to  these  that  Dr.  Clerk  mainly  devoted  his 
attention  in  the  course  of  an  address  delivered  shortly  after- 
wards to  the  Royal  Society  of  Arts.  There  was  no  question  as 
to  the  accuracy  of  the  figures  of  pig  iron  production,  which  in 
Germany  increased  from  11  to  19  millions,  while  ours  only 
increased  from  9  to  11  millions.  In  the  course  of  a  quarter 
of  a  century  Germany's  production  of  pig  iron  has  trebled, 
while  her  steel  production  has  sextupled,  and  is  now  two  and  a 
half  times  as  much  as  our  own,  the  figures  for  1913  being  18 
million  tons,  as  against  our  7  million  tons.  As  we  pointed  out, 
however,  in  our  previous  reference,  Germany's  steel  production 
has  been  mainly  the  result  of  the  Thomas  Gilchrist  process, 
a  British  invention,  which  enabled  her  to  utilise  the  phosphoric 
ores,  which  constitute  her  main  source  of  raw  material,  and 
which,  prior  to  this  invention,  were  useless  for  steel  making. 
In  this  country  owing  to  the  mistrust,  and  possibly  a  certain 
degree  of  prejudice,  attention  has  been  more  concentrated  on 
acid  steel,  as  being  more  suitable  for  the  higher  grades  of 
steel  mainly  used  in  our  industries.  Figures  of  steel  produc- 
tion, therefore,  are  not  an  altogether  reliable  indication  of 
industrial  progress.     This  is  not  put  forward  to  discount  any 
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legitimate  progress  that  Germany  lias  made,  or  to  excuse  any 
shortcomings  in  our  own  methods,  but  in  making  any  com- 
parisons it  is  necessary   to   take  qualifying   conditions  into 
account.      Dr.  Clerk  pointed  out    that    Germany's  pig  iron 
output  was  almost  a  matter  of  home  consumption  in  rail- 
ways, and  uttered  a  general  protest  against  the  pessimistic 
tendency  to  view  in  an  unfavourable  light  British  achievements 
in  science  and  industrv.     He  had  little  difficulty  in  supporting 
his  protest  with  striking  examples,  and  his  address  was  invi- 
gorating and  a  healtliy  corrective  to  the  stream  of  pessimism. 
Dr.  U 11  win  returns  to  this  question  of  steel  rails,  and  in  reply 
to  Dr.  Clei'k，s  explanation  that  the  enlarged  steel  output  in 
Germany  was  due  to  the  latter  country  having  38,000  miles 
of  railway,  as  against  our  23,000  miles,  remarks  that  in  India 
there  are  also  33,000  miles  of  railway,  as  well  as  railways  in 
other  Colonies,  mainly  built  and  maintained  by  the  use  of  Eng- 
lish steel,  so  that  Dr.  Clerk's  railway  mileage  test  does  not  ex- 
plain t!ie  difference.  This  may  be  so,  but  equally  it  does  not  esta- 
blish  Uie  converse.  In  1912  Germany  exported  a  million  tons  of 
pig  iron,  and  four  million  tons  of  steel  partly  manufactured, 
towards  which  we  partook  of  7^  million  pounds  worth.  It 
may  be,  and  probably  was,  the  case  that  much  of  this  was  for 
basic  steel  imported  and  re-exported  to  India  and  the  Colonies. 
Without  considerable  analysis  it  is  impossible,  of  course,  to 
determine  this,  and  is  scarcely  worth  pursuing  as  it  does  not 
afTect  the  leading  features  of  Dr.  Clerk's  case.     A  more  impor- 
tant point  is  a  consideration  of  the  methods  by  which  Germany 
has  succeeded  in  infiltering  her  trade  into  countries  abroad. 
Some  of  these  may  be  wortliy  of  imitation,  but  others  are  un- 
doubtedly unscrupulous,  and  should  be  scotched  by  all  legiti- 
mate means.     There  is  a  general  opinion  amongst  economists 
that  German  foreign  trade  has  been  largely  promoted  by  their 
system  of  Kartels  formed  after  their  adoption  of  rigid  protec- 
tive legislation  in  1879.    One  of  the  greatest  of  these  is  un- 
doubtedly the  steel  union,  which  embraces   31   firms   of  an 
annual  output  prior  to  the  war  of  12  million  tons  or  practi- 
cally two-thirds  of  the   entire   production.      The  ostensible 
object  of  the  Kartels  is  to  reduce  cost  of  production  and  com- 
j)et  if  ion  between  its  members.      Another  equally  important 
one,  but  not  admitted,  is  to  acquire  monopolies,  and  impose  its 
own  price  on  cuetoiriers  whether  at  home  or  abroad.  Behii>d 
its  protective  barrier  the  Kartels  are  within  limits  easily  able 
to  impose  tlieir  price  on  the  home  market.     Abroad  conditions 
are  not  so  favourable,  and  to  overcome  the  competition  they 
resort  to  methods  of  "  dumping/'  which  if  not  exactly  illegal 
or  irn moral,  judged  by  tlie  standards   of    trade  intercourse 
T)ordor  close  on  it,  and  in  their  execution  are  certainly  unscru- 
pulous, and  striking  instances  have  been  given  frohi  time  to 
time.    Figures  show  that  girders  and  rolled  bars  which  were 
sold  in  Germany  at  130  marks  were  sold  in  England  and  South 
America  at  103  to  110  marks,  and  in  Italy  even  as  low  as  75. 
It  may  be  argued  the  seller  alone  suffers  by  this  increase  of 
price,  and  the  buyer  has  every  inducement  to  encourage  the 
policy.      This  reasoning    is  true  so  long  as  the  policy  is  con- 
tinued, but  the  Kartels  do  not  set  out  with  any  such  intention. 
The  low  prices  quoted  by  them  do  not  spring  as  they  may 
legitimately  do  occasionally  from  an  accidental  surplus  arising 
from  over  production,  but  from  a  deliberate  intention  to  ruin 
a  competitor,  and  then  to  run  prices  up  to  a  higher  point 
before  cutting  began.      The  cutting,  when  indulged  in  in  this 
way,  is  but  a  temporary  expedient  made  at  the  expense  of  a 
home  market  in  order  to  stifle  a  foreign  one.      There  is  no 
doubt  the  artifice  has,  in  "many  directions,  succeeded,  and  as  to 
its  unfairness  there  cannot  be  two  opinions.      How  best  to 
prevent  it  is  another  matter  which  requires  careful  considera- 
tion, but  it  is  certain  that  effective  remedies  cannot  be  imposed 


by  private  individuals  unless  it  is  backed  by  legislation.  Com- 
bination and  organisation  may  promote  industrial  efficiency 
in  many  ways  by  eliminating  wasteful  competition  and  pro- 
moting economy  of  production  ；  and  in  view  of  latter-day 
developments  most  people  are  agreed  that  co-operative  methods 
might  be  used  to  a  much  larger  extent  in  this  country  to  the 
advantage,  not  only  of  employers  and  workpeople,  but  the 
general  public  also.  One  thing,  moreover,  is  certain,  that  to 
meet  the  enormous  demands  upon  our  wealth  which  will  arise 
out  of  the  war,  om'  methods  of  producing  it  will  have  to  be 
developed  to  the  highest  degree  and  the  brake  that  has 
hitherto  been  imposed  on  our  output  by  the  continual 
struggle  between  capital  and  labour  must  be  removed.  There 
can  be  no  hope  of  supremacy  in  the  future  industrial  struggle 
unless  the  restrictions  of  output,  which  the  trade  unions 
bargained  should  be  restored  after  the  war,  are  abolished. 
They  are  as  immoral  and  unfair  in  their  effects  as  any  actions 
of  the  German  Kartels  and  in  the  long  run  are  sure  to  prove 
as  ineffective.  The  more  wealth  v/e  create,  the  more  we  can 
divide  among  ourselves,  and  the  larger  the  surplus  to  wipe 
out  indebtedness  or  pay  for  foreign  goods. 


DIESEL   ENGINE   USERS'  ASSOCIATION. 

The  first  of  the  autumn  meetings  of  the  Diesel  Engine  Users' 
Association,  after  the  summer  recess,  was  held  on  October  20th. 
After  the  election  as  members  of  the  association  of  several 
engineers  having  the  control  of  Diesel  engine  plant, certain  reso- 
lutions were  passed  providing  for  alterations  and  additions  to 
the  rules.  From  the  end  of  the  current  year  an  entrance 
fee  of  one  guinea  is  to  be  charged  to  all  new  members  elected. 
To  meet  the  demand,  which  has  arisen  in  many  quarters,  for 
copies  of  the  reports  of  proceedings,  and  of  the  general 
information  and  data  circulated  hy  the  association,  provision 
has  been  made  for  a  class  of  "subscribers."  Such  "subscribers/' 
who  must  be  duly  accepted  by  the  committee,  would  consist 
of  individuals  or  firms  who  are  not  qualified  for  full  member- 
ship, and  would  be  entitled  to  receive  the  particulars  circu- 
lated on  payment  of  a  sum  of  one  guinea  per  annum.  They 
would  not  be  entitled  to  attend  the  meetings  of  the  association 
(except  by  special  invitation  of  tlie  committee),  neither  would 
they  have  any  voice  in  the  control  of  the  association. 
" Subscribers  ，，  may,  at  any  time,  send  communications  to  tlie 
honorary  secretary,  and  if  in  the  opinion  of  the  commitbce 
they  are  of  general  interest,  such  communications  may  be 
read  and  discussed  at  a  meeting  of  the  association. 

.1  //'  ( ' 0 w pressor  E x plosioft s  a/id  T/ouhles.—The  committee 
presented  a  report  on  the  subject  of  explosions  in  air  com- 
pressors, and  on  the  various  troubles  experienced  wirth  air 
compressors,  having  special  reference  to  the  accident  which 
occurred  at  the  Generating  Station  of  the  Smithfielcl  Markets 
Electric  Supply  Company,  Ltd.,  in  February  last.  After 
discussion  on  certain  points  this  report  was  adopted  by  the 
association,  and  it  is，  in  due  course,  to  be  printed  and  circu- 
lated among  the  members. 

Tar  Oils 仏、' F nel  for  Diesel  ― Mr.  Napier  Prentice 

gave  further  information  in  connection  with  the  application 
which  had  been  made  by  the  Suffolk  Electricity  Supply  Com- 
pany, Ltd.,  for  the  voidance  or  suspension  for  the  duration  of 
the  war  of  the  Konrad  Aust  Patent  in  connection  with  the  use 
of  tar  oils  as  fuel  in  Diesel  engines.  He  considered  that  on 
national  grounds  such  action  should  have  been  urged  or  sup- 
ported by  a  Government  Department.  Since  the  application 
has  been  made,  however,  his  experience  in  the  use  of  tar  oils 
in  Diesel  engines,  without  the  fitting  of  any  pilot  ignition, 
had  been  so  satisfactory  that  he  did  not  think  it  would  be 
advisable  that  his  company  should  incur  any  costs  in  connec- 
tion with  the  adoption  of  the  method  of  working  covered  by 
the  patent.  He  was  now  effecting  a  saving  of  about  50  per 
cent,  in  fuel  costs  by  the  partial  use  of  tar  oil. 

Mr,  Geoffrey  Porter  (president)  gave  particulars  concerning 
a  pilot  ignition  apparatus  which  had  been  fitted  to  a  Diesel 
engine  at  Worthing.  The  saving  in  fuel  costs  obtained  by 
using  tar  oil  in  this  manner ^  with  about  10  per  cent,  of  crude 
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oil  lor  t  lie  i^'iiil  ion  charge,  aiuoiuiled  u|)  to  date  to  a  bout  4  7 
j)er  I'oiit .      The  only  troi 山 !（、  experienced  hoon  in  romiec- 

lioii  wit  1»  tlu、  t'orniatioii  ui"  a  deposit  which  cliokod  t lie  pul- 
verisers. No  t rouble  luid  been  experionced  with  the  exhausi 
valves  or  wit  li  t  lie  needle  valves.  He  also  slated  I  hat  he  had 
l  i  ied  on  anot  licr  engine  a  u\ix\ ure  of  tliree  parts  of  tar  oil 
to  one  of  crude  oil.  The  eiii^iiie  luui  km)('lml  ralhei*  heavily,  but 
at  t  liree-quarters  oi'  full  load,  and  wit li  fairly  continuous 
ruuningf,  no  further  troubles  had  been  experienced.  He, 
however,  did  not  favour  the  use  of  mixtures  of  tar  oil  and 
crude  oil.  There  was  some  risk  of  niis-firiiig,  and  there  was  a 
difficulty  in  securing  complete  mixture  of  the  two  classes  of 
fuel  oil. 

Mr.  W.  A.  Tunibull  stated  that  he  had  worked  a  Diesel 
engine  on  tar  oil  with  a  slight  alteration  to  the  flame  plates, 
and  he  had  obtained  a  saving  of  about  50  per  cent,  in  fuel 
costs.  He  had  not  noticed  any  corrosive  effect  by  the  tar  oil 
on  the  copper  pipes  or  brass  fittings. 

Further  infonnatioii  of  actual  experience  in  the  use  of  tar 
oils  was  given  by  Messrs.  F.  W.  Strickland,  J.  Broadhurst, 
and  W.  Feimell. 

Mr.  Napier  Prentice  strongly  urged  that  on  national 
grounds,  as  well  as  in  their  own  interests,  Diesel  engine  users 
should  continue  to  endeavour  to  make  use  of  home  products  of 
fuel  oil  to  the  greatest  possible  extent  iu  preference  to  fuel  oil 
imported  from  abroad. 


SOME  EXPERIMENTS  IN  NATURAL-DRAUGHT  OIL  BURNING. 

Lieut.  L.  R.  Ford,  U.S.N.,  iu  an  article  in  the  August  issue 
of  tlie  Journal  of  the  American  Society  of  Naval  Engineers, 
gives  an  interesting  description  of  experience  iu  oil  burning 
oil  the  U.S.S.  "  Fulton."  At  the  time  the  ship  was  coniniis- 
sioned,  the  steam  necessary  to  operate  the  auxiliaries  was 
supplied  by  a  Roberts  water-tube  boiler  equipped  with  one 
large  burner,  which  used  either  steam  or  air  as  an  atomising 
agent.  The  air  for  combustion  was  supplied  by  natural 
draught  through  two  small  ventilators  and  through  the  door 
between  the  engine  room  and  fire  room.  After  a  disastrous 
furnace  explosion,  due  to  the  burner  flame  being  extinguished 
and  the  furnace  becoming  filled  with  explosive  gas,  which 
ignited,  the  boiler  was  fitted  with  two  of  the  Bureau's  stan- 
dard type  air  registers  and  burners.  These  burners  atomise 
the  oil  mechanically  and  are  designed  for  use  with  forced 
draught.  In  addition,  a  second  boiler  of  the  Almy  water- 
tube  type  was  installed,  which  made  the  room  quite  crowded 
and  curtailed  the  already  limited  air  supply.  , 

As  soon  as  the  ship  was  ready  to  leave  the  Navy  Yard 
troubles  began.  When  the  burners  were  lighted  under  one 
boiler,  it  became  evident  that  the  combustion  was  very  poor. 
Several  schemes  were  resorted  to.  Small  portable  electric 
blowers  were  placed  on  the  fire-i'oom  floor  plates  so  as  to  dis- 
charge against  the  registers  in  the  furnace  front.  This  helped 
only  slightly.  A  sheet-metal  box  built  on  the  boiler  front 
so  as  to  completely  enclose  tlie  registers  and  burners,  and  con- 
nected with  two  \  h.p.  portable  blowers  proved  to  be  a  failure. 
A  small  box  was  then  built  that  would  stand  on  the  floor 
plates  in  front  of  the  burners,  with  the  two  \  h.p.  blowers 
connected  so  as  to  discharge  into  the  box.  This  improved 
the  combustion,  but  far  from  sufficiently.  So  much  soot  was 
deposited  that  it  became  necessary  to  establish  a  routine 
requiring  that  the  tubes  be  blown  with  steam  once  every  hour 
or  24  times  each  day. 

The  oil  pressure  habitually  carried  with  the  Bureau  type 
of  burner  was  2001bs.  It  was  found  that  by  reducing  tlie 
oil  pressure  much  better  combustion  was  obtained,  but  the  oil 
was  then  insufficient  to  maintain  the  eteani  pressure.  Several 
types  of  experimental  burners  with  either  air  or  steam  atomisa- 
tion  were  tried,  but  without  mucli  success.  Finally,  the 
following  system  was  adopted  on  the  advice  of  Lieut.  A.  M. 
Peiiii,  U.S.N.,  ill  charge  of  the  fuel-oil  testing  plant  at  the 
Navy  Yard,  Philadelphia. 

The  Bureau  standard  type  registers  were  removed  from 
the  furnace  front  of  the  Roberts  boiler  and  a  bar  of  '^va.  by 
3in.  flat  iron  was  supported  across  the  front  of  each  opening 
iu  the  furnace  front  on  ^^'in.  studs,  these  studs  projecting  lOin. 
from  the  furnace  front  and  being  provided  with  tlireads  and 
nuts  for  adjusting  tlie  bar  for  distance.     Each  bar  was  drilled 


it's  cenl  re  l;u'g(>  ("mugli  lo  permit  t  lie  i nsci  f  ion  ol'  ； i  l,m  ii''r. 
Tlie  hiinicr  itself  was  inodilicd  as  shown  in 卜， i 乂.  1.  A  lum"'l- 
sliapod  (lin'usor  whh  made  oi*  sIkm'I  iron  ； uid  aU;i('li('(l  I  o  t  he 
("1(1  ()('  a  of  1  jiii.  pipe,  ^iii.  long,  l)y  means  of  a  hand 

damp.  This  damp  mel  liotl  of  s (？. 'uring  ilie  (JifTuser  on  t  Iu; 
pipe  was  preferable  to  screwH  or  rivels,  as  it  permitted  easy 
removal  of  the  diffuser.  Tlie  iiK^luded  angle  of  the  difTusei- 
was  selected  after  several  experiments  as  90",  and  the  diaineter' 
at  the  large  end  was  made  4^in.  The  pipe  was  slipped  over 
tlie  tip  ill  such  a  manner  as  to  permit  adjusiinoni  of  llie  dis- 
tance tlie  l)unier  tip  projected  info  the  cliff  user. 

When  this  burner  was  lighted  a  most  interesting'  aciion 
was  observed.  With  the  diffuser  drawn  well  XyavV  towards 
tlie  rear,  the  flame  would  jump  away  from  llie  burner,  l)ut 
when  the  diffuser  was  pushed  forwai'd  it.  would,  pick  up  iJie 
flame,  and  a  sliort  cone  of  clean  flame  would  result .  When 
the  diffuser  was  adjusted  to  the  best  operating  position,  a  halo 
of  white  flame  would  appear  around  tlie  edge,  as  shown  in 
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Fig.  2.  The  main  body  of  the  flame  retailed  it's  cone  shape, 
as  shown  at  C，  this  cone  of  flame  extending  back  to  the  burner 
tip;  but  part  of  this  flame  seemed  to  draw  out  to  the  diffuser 
and  curl  clown  from  the  edge,  as  shown  at  H.  The  combus- 
tion obtained  with  this  arrangement  was  very  good  indeed. 

Among  the  modifications  introduced  were  the  installation 
of  vertical  fins  of  thin  sheet  metal  iu  the  shape  of  a  helix 
around  the  circumference  of  the  conical  openings  in  the 
furnace,  to  promote  mixing  of  air  and  fuel  by  giving  the 
entering  air  a  rotary  motion.  Another  improvement  was  the 
mounting  on  the  head  of  the  oil  line  a  large  air  chamber.  This 
chamber  kept  the  oil  pressure  steady,  the  effect  of  which  was 
quickly  noted  at  the  burners.  When  the  diffusers  were  ad- 
justed to  get  the  halo  around  the  edges,  it  remained  there 
without  further  adjustment.  What  surprised  the  ship  engi- 
neers most  was  the  low  oil  pressure  required  to  maintain  the 
steam  pressure  and  the  wide  range  of  pressure  through  which 
the  burners  could  be  operated  smokelessly.  Under  tlie  old 
conditions  it  had  been  necessary  to  operate  the  burners  under 
an  oil  pressure  of  2001bs.  It  was  now  found  that  the  steam  neces- 
sary to  meet  the  normal  demand  of  the  ship  could  be  evaporated 
with  an  oil  pressure  of  SOlbs.  to  lOOlbs.,  and  the  pressure  had 
to  be  raised  to  2 00 lbs.  only  when  au  extra  demand  for  steam 
was  made.  In  fact,  it  was  found  that  the  steam  pressure 
could  be  quickly  and  closely  regulated  by  varying  the  oil  pres- 
sure, which  could  be  done  by  varying  the  spring  tension  of  the 
regulator  valve  ou  the  oil  pump.  Steam  control  was  thus 
reduced  to  the  mere  screwing  of  a  nut  up  and  down  with  a 
wrench,  a  novelty  which  strongly  appealed  to  the  fireman. 

The  helical  vanes,  in  addition  to  giving  the  air  a  rotatory 
motion  and  thereby  pi'oinotiiig  mixture  of  air  and  oil,  serve 
a  useful  purpose  iu  iuterceptiiig  the  radiant  heat  from  the 
flame.  It  is  found  that  since  they  were  installed  the  lieat  iu 
front  of  the  boiler  is  now  greater  than  when  the  closed 
registers  were  iu  use. 
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WORKS  ORGANISATION.* 

BY  A.  D.  C.  PARSONS.  B.A..  EDWIN  L.  ORDE.  AND  G.  H.  TWEDDELL. 

{ConcI uded  from  page  320,) 
Part  II. ― The  Financial  Organisation  of  Factories. 

BY   EDWIN   L.  ORDE. 

The  members  of  this  institution  are  for  the  most  part  in- 
terested in  shipbuilding  and  engineering  work,  where  the  form 
and  quantity  of  the  products  vary  widely,  and  they  will  there- 
tore  appreciate  the  difficulty  of  writing  a  paper  on  financial 
organisation  which  is  of  more  than  general  application.  The 
evolution  of  accurate  cost  accounts  seems  to  have  begun  at  the 
time  when  com  petition  began  to  influence  sales,  and  to  prove 
the  superior  efficiency  of  large  factories,  finding  its  highest 
development  in  factories  where  machine  work  can  be  most 
largely  utilised.  The  various  stages  in  the  evolution  are 
long,  and  until  lately,  technically  trained  engineers  have 
been  too  apt  to  look  on  accountants  with  kindly  tolerance, 
rather  than  as  valuable  allies.  This  is  probably  due  to  the 
jealousy,  with  which  in  former  years  everything  to  do  with 
the  counting-house  was  guarded,  as  was  perha'ps  necessary 
until  good  systems  of  accounting  were  devised  which  divided 
into  classes  the  information  required  by  various  departments, 
and  could  present  it  without  disclosing  any  part  of  the 
accounts  which  should  be  kept  private. 

It  is  to  be  supposed  that  the  ordinary  book-keeping  of 
factories  has  been  considered  so  long  and  so  carefully  that 
nothing  better  is  required  to-day  than  one  of  the  good  existing 
systems.  The  costing  and  estimating  departments,  cannot 
perhaps  be  considered  with  so  m uch  complacency,  for  unless 
advantage  is  taken  of  new  developments  and  improvements, 
the  work  will  suffer  by  comparison  with  modern  methods  and 
this  will  be  reflected  in  the  order-book. 

Some  examples  of  early  estimates  for  ships  are  given, 
which  are  interesting  as  showing  the  simplicity  of  the  costing 
system  then  in  use  and  the  short  cuts  which  apparently  could 
be  taken  by  managers  who  practically  carried  on  the  whole 
of  the  manufacturing  and  selling  sides  of  their  business  them- 
selves. They  had  their  own  methods,  or  perhaps  instincts, 
which  aided  by  large  margins  were  apparently  sufficiently 
accurate  in  many  cases  ；  although  the  large  number  of  failures 
which  have  occurred  in  the  history  of  this  district  seem  to  show 
that  the  human  element  was  not  always  sufficiently  infallible. 
As  powers  and  dimensions  of  engines  and  ships  increased, 
the  early  forms  of  estimating  were  naturally  found  inadequate  ； 
more  3etail  in  the  costing  system  became  necessary,  and  the 
part  played  by  the  accountants'  department  assumed  a  very 
real  importance  which  must  grow  as  new  problems  arise  for 
solution. 

The  primary  object  of  all  costing  systems  is  to  obtain  a 
record  of  the  amount  of  money  spent  on  labour  and  material, 
to  ascertain  the  proportion  of  the  expense  of  working  the 
factory  to  be  added  to  these  two  items  and  to  present  (1) 
The  total  net  cost  of  every  production,  and  (2)  Such  divisions 
and  subdivisions  of  the  cost  as  may  be  considered  by  the 
management  most  likely  to  enable  a  close  scrutiny  of  working 
processes  to  be  made,  and  a  continuous  comparison  with  corre- 
sponding items  in  the  estimates.  Four  essentials  of  a  good 
costing  system  are :  (1)  Accuracy.  (2)  Simplicity.  (3) 
Rapidity.      (4)  Elasticity. 

This  seems  sufficiently  obvious,  but  writers  on  these  subjects 
complain  that  elaboration  of  detail  is  only  too  apt  to  increase 
to  a  point  where  the  cost  of  working  the  system  becomes 
unduly  high.  -  The  case  of  Woolwich  Arsenal  is  quoted, 
where  in  1906  over  4  per  cent,  of  the  total  wage  bill  was  spent 
on  clerical  administrative  labour.  The  total  wage  bill  is 
not  given,  but  from  other  figures  it  may  be  deduced  that  it 
was  of  the  order  of  £1,500,000. 

Ti 隱. ― Accuracy  in  recording  time  is  of  the  first  impor- 
tance and  at  the  same  time  most  difficult  to  ensure.  When 
work  is  constant  and  is  paid  on  piece  rates,  the  returns  are 
probably  as  correct  as  is  necessary,  but  when  a  man  on  time 
rate  is  employed  on  a  number  of  comparatively  short  opera- 
tions for  various  orders,  the  difficulty  of  accurate  record 
becomes  greater  and  attempts  to  meet  it  probably  costly.  As 
a  general  principle  it  would  seem  tliat  foremen  should  be 
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involved  in  the  time-keeping  system  to  an  extent  which  shall 
influence  them  in  spreading  the  work  as  evenly  as  possible, 
so  as  to  avoid  the  difficulty  referred  to  above,  but  at  the  same 
time  shall  not  interfere  to  any  harmful  extent  with  their  real 
function,  the  distribution  and  technical  supervision  of  the 
work.  It  is  impossible  to  point  out  any  system  of  time 
keeping  as  being  the  best.  The  exigencies  of  the  particular 
factory  are  the  sole  guides  to  the  method  and  the  iimoant 
which  may  be  usefully  spent  upon  it,  but  accuracy  of  a  high 
order  should  be  aimed  at. 

Storeii. ― A  great  deal  of  attention  has  been  paid  to  the 
storehouse  by  various  writers,  as  it  constitutes  a  possible  source 
of  leakage  which  is  difficult  to  detect  unless  the  cost  system 
is  carefully  designed  and  applied.  A  well-arranged  system 
of  cards  seems  to  offer  the  best  solation  and  to  give  the  clerical 
department  complete  information  in  a  form  which  is  readify 
accessible.  The  card  system  has  many  advantages  over  books, 
can  be  applied  to  any  department,  and  is  elastic  in  that  it  can 
be  quickly  and  easily  adapted  to  a  change  of  process  or  new 
variety  of  work,  but  it  seems  to  the  writer  that  in  the  design- 
ing and  application  of  the  system  there  should  always  be  the 
closest  possible  collaboration  between  the  accountants'  depart- 
ment and  the  technical  management. 

In  fluctuating  markets  the  storehouse  requires  considerable 
attention,  for  the  adjustment  of  the  rates  at  which  various 
articles  should  be  issued  must  exercise  an  important  effect  on 
the  cost  of  the  product  and  on  future  estimates.  As  a 
general  rule  it  seems  that  the  market  rate  at  the  date  of 
issue  or  at  the  nearest  date  that  can  conveniently  be  ascer- 
tained should  bs  taken  and  any  profit  or  loss  dealt  with  in  the 
stores  account.  Unless  this  is  done  direct  comparison 
between  the  market  rates  and  the  cost  of  the  product  becomes 
impossible  and  future  estimates  based  on  these  costs  are  mis- 
leading. 

Materials. ― Materials  ordered  direct  for  contracts  pass 
through  the  ordinary  books  required  by  the  system  in  use,  and 
materials  for  stock  through  the  storehouse  or  yard  and  can 
be  suitably  recorded  on  cards. 

Estimating , ― Much  has  been  written  on  the  superiority  of 
American  methods  of  costing  and  estimating,  and  so  far  as  the 
writer  has  been  able  to  ascertain  they  possess  the  attractive 
feature  of  rapidity.  There  can  be  no  doubt  that  the  best  way 
of  obtaining  accuracy  is  to  be  found  in  a  system  which  enables 
results  to  be  recorded  before  many  days  have  elapsed  after  the 
work  is  finished,  and  the  details  are  still  fresh  in  the  memories 
of  those  concerned  in  it  ；  while  the  estimating  department 
have  the  knowledge  that  the  net  costs  on  which  their  work  is 
based  are  the  result  of  immediate  enquiry  and  investigation 
when  discrepancies  occur  and  so  can  be  used  in  a  new  estimate 
without  any  misgivings.  Another  feature  of  what  may  be 
called  the  American  system  of  estimating  is  the  employment 
of  technical  men  as  estimaters  both  of  quantities  and  rates. 
These  technical  men  generally  specialise  in  one  main  depart- 
ment or  group  of  departments,  analyse  net  cost  figures,  bring 
them  up  to  date,  and  work  them  into  forms  which  they  find 
most  suitable  for  preparing  estimates  for  the  cost  of  work 
carried  on  in  their  own  special  department,  and  in  the  highest 
development  of  the  system  fix  rates  for  various  classes  of  work. 
There  seems  to  be  some  advantage  in  the  system,  in  that :  (1) 
Technical  peculiarities  which  might  prevent  the  figures  from 
the  net  cost  of  one  contract  serving  as  a  basis  for  another, 
njight  pass  unnotired  by  any  non-technical  man  and  so  spoil 
an  estimate.  (2)  The  technical  estimating  staff  are  in  con- 
stant touch  with  the  net  cost  system,  and  should  be  able  to 
devise  methods  of  presenting  figures  to  the  management  which 
can  be  prepared  by  the  net  cost  clerks  and  so  keep  the  present 
and  future  work  on  a  correct  cost  basis. 

On  the  other  hand,  the  system  must  be  costly  if  it  is  really 
to  be  efficient,  though  this  will  be  perhaps  recouped  in  works 
where  there  is  much  estimating  to  be  done,  by  the  accuracy 
and  rapidity  which  must  be  attained  by  such  a  system  in  the 
hands  of  competent  men.  It  is  said  that  the  inherent  weak- 
ness of  the  system  of  estimating  in  general  use  in  this  country, 
i.f"  the  calculation  of  quantities  by  technical  men  and  rates 
by  net  cost  clerks,  lies  in  the  difficulty  experienced  by 
the  net  cost  clerk  in  fixing  his  rates  judiciously,  owing  to  his 
lack  of  technical  experience,  and  this  is  urged  by  the  advocates 
of  what  has  been  called  the  American  system. 

It  is  impossible  in  this,  as  in  other  details  of  financial 
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organisation,  to  dogitiat ise  or  to  fix  on  any  one  system  which 
is  applicable  to  every  factory,  but  the  writ  or  considers  t  hat  a 
judicious  lilend  of  t he  estimating  d ruutjlitsnieii  and  net  cost 
clerks  can  be  made  which  will  bring  cut  the  best  qualities 
of  both  departments,  and  so  produce  sufficiently  accurate 
estimates  for  presentation  to  the  managers  who  are  responsible 
for  the  cost  of  carrying  out  the  work,  and  should  ilierefore 
examine  all  estimates  before  they  are  used  for  tendering. 

The  system  of  doing  the  whole  of  this  work  by  means  of  a 
technical  stall'  has  an  advantage  over  the  net  cost  clerk  system 
in  this  respect  ；  tluit  the  technical  stafi',  when  not  actually 
engaged  in  estimating,  can  be  occupied  in  watching  net  costs 
as  the  work  progresses,  and  in  devising  means  whereby  they 
can  be  compared  with  the  estimates  at  all  stages,  so  as  to  keep 
the  management  closely  in  touch  with  the  financial  aspect 
of  the  operation.  This,  in  the  writer's  opinion,  is  the  most 
important  point  in  financial  organisation. 

A  close  comparison  between  the  cost  of  work  in  progress 
and  the  estimate  is,  of  course,  difficult  to  make,  unless  a  large 
and  consequently  expensive  staff  is  maintained  for  the  purpose, 
so  as  to  ensure  that  the  wages  can  be  quickly  abstracted  and 
compared  with  the  corresponding  items  in  the  estimate,  without 
allowing  so  much  delay  as  to  make  it  possible  for  grave 
differences  to  occur  without  being 
noticed.  This  can  to  some  extent  be 
arranged  in  shipyards  by  plotting 
cost  progress  curves,  of  which  the 
ordinates  represent  money,  and  the 
abscissae  time.  If  the  scales  are  judi- 
ciously chosen,  the  estimate  curve 
can  be  made  to  assume  so  definite  a 
character  that  any  marked  d'fference 
between  it  and  the  actual  cost  curve, 
when  it  is  plotted,  can  be  seen,  pro- 
bably one  or  two  weeks  before  it 
begins  to  assume  serious  proportions. 
Fig.  8  gives  an  actual  example  where 
the  steel  wages  are  taken  as  a  mea- 
sure of  the  progress  of  a  ship  up  to 
the  date  of  launch.  A  system  of  this 
sort  can  be  applied  to  other  trades, 
and  constitutes  a  valuable  check  on 
the  progress  and  cost  of  the  work, 
without  entailing  an  extravagant 
clerical  staff. 

The  ordinary  book-keeping  systems  have  been  criticised, 
overhauled,  and  improved  until  there  is  probably  little  to  be 
done  in  further  improvements  except  perhaps  in  minor  details, 
but  the  full  development  of  a  good  net  cost  system  and  the 
establishment  of  a  close  connection  between  the  net  cost  esti- 
mating and  constructive  departments  on  the  lines  indicated 
above  deserves  the  careful  attention  of  all  those  who  are  con- 
cerned with  factory  organisation.  The  best  results  are 
likely  to  be  obtained  by  the  closest  possible  combination 
between  accountants  and  engineers,  for  if  either  is  eliminated 
some  essential  element  of  success  is  sure  to  be  forgotten. 

No  discussion  on  the  financial  organisation  of  factories, 
so  far  as  it  affects  internal  work,  sliouid  disregard  the  great 
and  vexed  question  of  establishment  charges.  The  closeness 
of  the  estimating  and  the  accuracy  of  the  net  cost  systems  are 
indicated  very  clearly  by  the  number  of  items  placed  under  the 
head  of  indirect  charges.  Wlien  there  are  few,  the  work  is 
well  sub-divided  and  a  good  measure  of  accuracy  may  be 
counted  upon; when  there  are  many,  the  opposite  may  bo 
confidently  expected.  The  basis  on  which  indirect  charges 
should  be  calculated  in  costing  and  estimating  has  been  argued 
at  considerable  length  by  manufacturers,  and  it  has  been  held 
that  some  percentage  should  be  taken  of  the  total  cost  of 
labour  and  material.  - 

Let  us  imagine  two  sister  ships,  one  plated  with  ordinary 
steel  and  the  other  with  galvanised  steel.  The  actual  labour 
cost  and  works  expenditure  account  to  be  covered  by  estab- 
lishment charges  would  probably  not  show  any  very  large 
difference  between  them,  but  a  percentage  on  the  sum  of 
labour  and  material  costs  would  show  something  rather  sub- 
stantial in  favour  of  the  second  vessel.  This  argument  in 
some  form  or  another  seems  to  show  that  the  only  correct  basis 


oil  wliicli  charges  should  be  calculated  i'or  net  cost  and  enii- 
ni;ilin»j^  purposes  is  llui  labom'  (！ ost-  On  t  lie  ot  luir  IwuuJ,  where 
contracts  are  ])laced  on  a  lime  and  material  hanis,  it  is  prob- 
ably a  beiiefil  to  llie  ]>urclia3ers  to  fix  oliargOH  on  material  and 
labour,  as  this  gives  them  an  inducement  to  check  extrava- 
gance in  the  choice  of  rnaierial. 

The  sub-division  of  charges  is  a  question  which  probably 
never  will  be  finally  settled,  for  conditions  in  oii^iiuM^rin^ 
works  and  shipyards  are  constantly  changing,  and  t liou<^li 
elasticity  is  claimed  as  an  essential  of  a  ^ood  costing  system, 
this  admirable  quality  must  sometimes  fail  under  new  develop- 
ments and  then  changes  liave  to  be  "lade.  In  engineering  works 
where  a  large  amount  of  the  work  is  done  on  machine  tools,  it  is 
probably  advisable  to  charge  all  sucli  caj)it.al  cost  ive.nis  under 
a  special  heading,  and  provide  for  them  by  fixing  a  rate  for 
each  machine  which  is  added  to  the  cost  of  all  the  work  which 
it  produces. 

The  extent  to  which  this  should  be  carried,  how  far  shop 
charges  should  be  kept  separate  from  establishment  charges 
proper,  whether  it  is  advisable  to  separate  shop  and  depart- 
mental from  distribution  and  general  charges,  and  many  ques- 
tions of  this  kind  can  only  be  decided  by  the  exigencies  of  the 
particular  business  which  is  in  questi— 、】'•，  but  it  seems  to  the 
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writer  that  the  greatest  accuracy  may  be  expected  where  the 
items  under  direct  charges  are  many,  and  those  under  indirect 
charges  few,  and  that  tlie  best  facilities  for  scrutiny  by  the 
management  will  be  provided  if  sub-division  is  carefully  made 
on  this  line. 

The  cost  of  estimating  and  tendering  is  an  item  which 
should  be  carefully  kept  if  only  as  a  record  of  the  unproductive 
work,  and  a  guide  as  to  how  and  where  it  has  been  appor- 
tioned, for  this  brings  under  review  the  idiosyncrasies  of  cus- 
tomers in  regard  to  the  demands  they  make  on  the  estimating 
staff,  compared  with  the  value  of  the  orders  given,  and  may 
form  an  important  factor  in  deciding  policy.  The  perfect 
cost  system  should  be  capable  of  showing  at  a  glance  the  cost 
of  work  as  it  proceeds,  but,  unfortunately,  the  system  has  yet 
to  be  devised.  It  may,  however,  be  taken,  that  in  most 
factories,  shipyards,  or  engine  works,  some  little  signals  can 
be  set  up  which  will  indicate  to  the  management  symptoms 
of  the  financial  health  of  the  place  which  will  be  serviceable. 

Weekly  returns  of  material  and  wages  showing  how  they 
are  apportioned  ；  weekly  output  of  various  trades,  machine 
time  worked,  and  many  similar  data  can  be  easily  collected 
and  applied  as  best  suits  the  particular  trade  or  the  require- 
ments of  the  management,  but  in  this,  as  in  all  detail  costing 
arrangements,  the  exercise  of  very  wise  discretion  is  required 
in  deciding  the  extent  to  which  details  shall  be  carried.  The 
case  of  Woolwich  Arsenal  has  been  quoted  above,  and  it  is 
easy  to  imagine  that  there  may  be  many  others.  The  output 
of  shipyards  can,  to  some  extent,  l)e  shown  by  the  number  of 
rivets  worked,  provided  proper  corrections  can  be  made  for 
difficult  work,  bad  weather,  holidays,  or  other  causes  which 
reduce  output,  and  a  comparison  between  these  results  and 
say  the  charges,  requirements  of  the  yard  or  the  volume  of 
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work  ill  hand  is  often  a  useful  guide  as  to  general  progress. 
A  characteristic  curve  (Fig.  9)  is  given  to  illustrate  this.  No 
doubt,  numerous  checks  such  as  this  have  been  devised  and  are 
in  use  in  most  of  the  manufacturing  establishments  where  the 
financial  organisation  has  been  studied,  for  they  can  easily 
be  worked  out  by  coUaboralioii  between  the  management  and 
I  lie  accountants'  department.  This  collaboration  should  always 
exist  and  be  encouraged,  for  by  no  other  means  can  the  finan- 
cial aspect  of  tlie  work  be  shown  quickly  and  accurately  ； 
without  this  information  it  is  impossible  for  the  management 
to  judge  whether  or  not  the  whole  organisation  is  in  phase,  to 
apply  the  necessary  corrections  if  required  ；  and  at  the  same 
time  to  exercise  such  supervision  over  the  estimate  as  is  essen- 
tial in  preparing  tenders. 

*So  far  only  the  internal  finance  of  factories  has  been 
considered,  but  a  verv  large  and  important  question  is  opened 
wlien  the  finance  connected  with  the  disposal  of  the  product 
comes  under  discussion,  for  it  points  to  the  desirability  of 
reconstituting  or  perhaps  creating  financial  i】istitiU'icms，  banks, 
or  trading  companies  which  shall  help  to  build  up  our  trade 
abroad.  If  this  country  is  1  o  obtain  the  trade  benefits  which 
are  not  only  desirable  but  absolutely  essential  to  her  healtliy 
existence,  the  time  seems  to  have  arrived  when  the  whole 
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machinery  required  for  obtaining  and  fulfilling  foreign  orders 
should,  where  it  does  not  at  present  exist,  be  set  up  at  once, 
and  where  it  does  exist,  should  be  put  into  the  best  possible 
working  order. 

Ill  the  writer's  view  the  first  great  necessity  is  a  banking 
company  (subsidised  by  the  Government  if  need  be，  or  relying 
on  its  own  resources  if  these  are  sufficiently  strong)  which  shall 
fiDance  manufacturers  who  find  it  necessary  to  grant  long 
credit  terms  to  foreign  customers.  German  success  in  securing 
such  trade  is  largely  due  to  this,  and  her  example  will  no  doubt 
be  followed  hy  neutral  countries  who  are  better  equipped  with 
capital  than  ever  before,  have  developed  manufactures  and 
require  markets.  American  institutions  of  this  kind  are 
already  in  existence,  and  have  no  doubt  done  much  to  foster 
trade  during  the  war.  The  system  may  be  considered  too 
speculative  to  conform  with  the  strict  principles  of  British 
banking,  but  it  should  not  be  impossible  to  devise  means  for 
relieving  ilie  ordinary  depositors  of  the  trade  risks  by  under- 
writing as  is  done ― the  writer  understands ― in  Germany  by 
associations  of  insurance  companies  who  guarantee  the  pur- 
chasers' obligations  at  a  fixed  rate  of  interest.  An  institu- 
tion of  this  kind  lias  been  established  in  England  for  the 
furtlieranre  of  trade  with  Italy.  This  has  a  capital  of 
£1,000,000,  and  for  the  next  ten  years  a  subsidy  of  £50,000, 
but  for  the  develof«nent  of  trade  with,  for  instance,  Russia, 
a  bank  of  t  his  kind  would  have  to  be  on  a  much  larger  scale. 
A  capital  of  £10,000,000  as  a  foundation  is  suggested  by 
one  RuKsian  writer  (M.  Alexander  Wilner,  '(  Times  Russian 
Suj)plenient,"  July  29lli,  1916),  and  this  may  serve  as  soine 
guide  as  to  the  order  of  rnagiiit ude  of  the  figures  which  would 
probably  be  involved. 

The  financing  of  trade  would  not  be  ilie  only  function  of 

*  Ttiifi  part  of  tlic  pai)er  wjis  written  at  Ihe  end  of  July  :  th (！  writer  tliinks  it 
well  to  noiv.  this  date,  as  tJie  rcporti  of  I'onl  Farrin «<l()n's  Committct;.  which 
(ippt'Hicd  oil  Sci't-nnbor  '22nd,  bcai't-  no  clobo  a  rcBcuiblauuc  to  the  rtrnyh  ideas 
which  be  luxH  outlined. 


smell  a  bank,  it  would  also  arrange  to  collect  by  means  of  trade 
and  banking  connections,  all  such  information  as  is  essential 
in  building  up  a  trade  organisation.  This  would  be  distri- 
buted amongst  the  potential  purchasers  and  traders  as  found 
desirable,  and  thus 】ay  the  foundations  of.  business  relations 
which  only  require  satisfactory  productions  from  the  factories 
to  develop  them  into  permanent  connections.  It  will  probably 
be  agreed  by  those  who  have  had  business  negotiations  witli 
Russia  and  other  foreign  countries  that  there  is  nothing  diffi- 
cult about  such  a  scheme,  and  provided  that  it  can  be  linked 
with  the  existing  banking  facilities  in  all  the  important 
trade  centres  it  might  quickly  become  a  trade  organisation 
of  enormous  value  to  our  industrial  conimuiaity. 

The  organisation  should  probably  be  a  combination  of 
banks,  niercliants,  and  manufacturers,  supported  by  the 
Government  financially  if  necessary  and  through  international 
channels  whenever  and  wherever  required,  but  should  not  be 
under  Government  control.  No  small  private  companies 
should  be  allowed  to  enjoy  similar  facilities  at  all  events 
until  after  the  current  of  trade  with  this  country  is  firmly 
established,  as  it  is  necessary  that  all  our  forces  of  this  kind 
should  be  conceijtrated  and  directed  towards  the  one  object 
ill  their  fullest  strength  and  rapidity  ；  conditions  which  it  is 

impossible  to  obtain  if  competition 
between  small  forces  is  permitted. 

The  details  of  the  work  to  be 
carried  out  by  such  an  institution 
are  numerous  and  comprise :  (a) 
Translation  into  the  particular  lan- 
guage aud  numeral  system  of  com- 
munications between  buyers  and 
sellers,  in  fact,  all  the  literature  of 
the  trade,  (h)  The  dissemination  in 
the  proper  direction  of  all  such  infor- 
mation as  may  spread  full  knowledge 
of  the  productions  of  firms  involved- 
((')  The  collection  of  information  re- 
garding the  requirements  and  stand- 
ing of  possible  purchasers  ；  and  (d) 
tlie  training  and  development  of 
suitable  men  to  act  as  pioneers  of 
British  trade,  who  shall  have  suffi- 
cient technical  knowledge  to  appre- 
ciate possibilities,  u nderstaucl  aud 
overcome  difficulties,  and  sufficient 
standing  to  be  entrusted  with  powers  to  negotiate  contracts 
if  necessary. 

This  side  of  trade,  essential  though  it  is,  has  never  yet  been 
sufficiently  cultivated  by  this  country,  and  it  is  to  be  hoped 
that  some  stimulus  may  be  given  now  by  the  discussion  on 
these  three  papers  to  the  combination  and  movement  of  all 
the  forces  necessary  to  bring  into  existence  and  to  support 
such  a  trading  company  as  has  been  roughly  described.  Unless 
some  sucli  steps  are  taken  it  is  to  be  feared  that  this  country 
will  lose  the  best,  opportunity  she  has  eve:  had  of  developing  the 
Colonial  markets  and  forming  close  business  relations  with  our 
Allies,  which  should  develop  into  a  large  and  mutually  advan- 
tageous trade.  This  question  may  perhaps  be  considered  to  be 
outside  the  scope  of  a  paper  on  the  financial  organisation  of 
factories,  but  as  the  disposal  of  the  product  is  essential  to  the 
factory,  it  seems  to  the  writer  that  in  this  crisis  of  our  trade 
nothing  should  be  left  undone  which  may  induce  intelligent 
opinion  to  consider  such  a  line  of  action  as  in  ay  most  benefit 
our  industries  ；  it  is  to  be  hoped,  therefore,  that  in  the  discus- 
sion the  institution  may  hear  from  men  who  can  speak  with 
authority  on  all  the  details  of  financial  organisation,  aud  that 
some  definite  direction  may  be  given,  along  which  combined 
action,  witli,  if  necessary,  Government  support,  can  be  taken, 
which  shall  exercise  a  real  effect  in  j^romoting  our  foreign 
trade. 


Boiler  Explosions.— The  formal  investigation  ordered  hy 
the  Board  of  Trade  to  be  held  in  connection  with  the  boiler 
explosion  al  Paisley  is  fixed  for  hearing  in  tlie  Court  House, 
Paisley,  N.B"  on  Monday,  November  6th,  at  1 1-30  a.m.  The 
fonnai  investigation  ordered  by  the  Board  of  Trade  to  be 
held  in  tlie  case  of  the  boiler  explosion  at  Copperfield  Road, 
Stepney,  E.,  is  fixed  for  hearing  in  the  St.  Georges  Town 
Hall,  Cable  Street,  Stepne}^,  London,  E.，  on  Wednesday, 
November  15th,  at  11  a.m. 
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INSTITUTION  OF  MECHANICAL  ENGINEERS  : 
PRESIDENTIAL  ADDRESS. 

11 Y  W.  (A  W  THOUNK  UNUIN.  1 丄. 1).,  F.U.S. 

Tt  has  not  been  usual  for  tho  president  to  make  a  formal 
address  at  the  opciiing  of  the  session  in  his  secojul  year  of 
oflico.  T  do  not  know  whether  tliis  is  due  to  consideration 
for  t he  president  or  is  a  measure  of  relief  to  members.  In 
nonual  times  1  should  not  have  departed  from  precedent. 
But  with  your  acquiescence  I  should  like  to  make  a  short 
statement,  partly  to  explain  the  position  of  the  institution, 
partly  to  expand  a  point  in  my  address  a  year  ago.  T  recog- 
nise that  a  statement  by  the  president  is  not  discussed,  and 
that  his  views,  if  erroneous,  do  not  com niit  the  institution. 
lie  is  the  more  bound  to  be  careful  and  moderate. 

The  conditions  of  the  time  liave  unavoidably  restricted 
some  of  the  activities  of  the  institution.  We  have  placed  our 
buiUlintj;  at  the  disposal  of  tlie  Government,  and  there  is  no 
immediate  prospect  of  regaining  the  use  of  it.  Happily, 
through  the  kindness  of  the  Institution  of  Civil  Engineers, 
who  permit  to  us  the  use  of  their  meeting  hall  and  library,  the 
inconvenience  to  our  members  has  been  nnicli  diminished.  It 
is  a  difficulty  that  six  members  of  the  office  staff  of  the  insti- 
tution have  been  called  up  for  active  service,  and  it  is  incon- 
venient to  the  secretary  to  carry  on  the  considerable  business 
of  the  office  witli  untrained  assistants.  Nevertheless,  so  far 
the  meetings  have  been  held  regularly  ；  several  provincial 
meetings  have  been  held,  and  tlie  •'  Journal  "  has  been  issued 
as  usual.  The  Council  decided  that  it  was  impracticable  to 
hold  tlie  su miner  meeting,  the  conversazione,  or  the  annual 
dinner  when  so  many  members  were  absorbed  in  war  work. 
In  this  they  have  taken  the  same  course  as  other  scientific 
societies. 

The  number  of  candidates  for  election  does  not  seem  to 
have  been  much  affected  by  the  war.  Taking  the  first  six 
months  of  the  year,  the  number  elected  was  129  in  1914，  100 
in  1915，  and  112  this  year.  As  would  be  expected,  somewhat 
fewer  candidates  have  presented  themselves  for  examination. 
Nearly  900  members  of  the  institution  are  known  to  be  on 
active  service,  and  many  others  are  engaged  on  munition  or 
other  war  work.  Unhappily,  so  far  as  is  known,  29  have  died 
oil  service  and  30  or  probably  more  have  been  wounded.  Our 
sincere  sympathy  goes  out  to  their  friends  in  their  bereave- 
ment. Tliey  liave  died  in  a  great  cause  ami  in  the  service 
of  the  country  in  its  extreme  need.  So  far  as  we  know,  15 
members  on  active  service  have  been  decorated  and  eight  men- 
tioned in  dispatches. 

It  would  not  be  right  to  pass  over,  without  an  expression 
of  our  deep  sorrow,  the  deaths  of  Sir  II.  Frederick  Donaldson, 
K.C.B.,  a  past-president,  and  of  Mr.  Leslie  S.  Robertson,  so 
long  the  secretary  of  the  Engineering  Standards  Committee. 
They  were  lost  in  the  disaster  to  H.M.S.  "Hampshire," 
when  accompanying  Lord  Kitchener  on  a  mission  to  Russia. 

There  has  been  rather  more  difficulty  than  usual  in  obtain- 
ing papers  for  the  present  session,  but  I  trust  we  may  have 
no  mishap.  We  have  tried  to  obtain  a  paper  dealing  witli 
the  work  of  women  in  munition  factories,  but  far  have  not 
succeeded.  It  is  believed  that  their  services  liave  been  invalu- 
able, and  that  for  such  work  as  they  can  undertake  they  are 
little  inferior  to  male  workers,  either  as  regards  quantity  or 
quality.  We  hope  to  have  one  or  more  papers  on  the  special 
machinery  for  shell  manufacture  ;  also  shortly  a  report  ^rom 
tlie  Hardness  Tests  Research  Committee. 

In  my  address  a  year  ago  I  urged  that  the  rapid  economic 
progress  of  Germany  since  the  war  of  1870，  and  chiefly  in  the 
last  25  years,  slioiild  be  very  carefully  considered.  Rela- 
tively, Germany  has  progressed  in  many  industries  much 
faster  than  we  have.  If  we  are  to  recover  our  position,  as  I 
believe  we  may  do  in  the  new  conditions  after  the  war,  it 
is  necessary  we  should  study  accurately  the  facts  and  causes 
of  German  expansion.  No  doubt  that  expansion  has  been 
too  rapid  to  be  healthy,  and  seems  to  liave  induced  a  feverish 
sense  of  insecurity,  so  that  uiidev  whatever  inspiration  tlie 
war  began,  it  is  certain  that  commercial  and  industrial  neces- 
sities and  ambitions  had  a  large  place.  As  an  example,  which 
appeared  to  me  remarkable,  though  it  is  only  one  of  several, 


I  referred  to  1  lio.  iron  and  st  ool  iiuluHi  ry,  in  which  u<A  so  long 
ago  wo  wore  supreme,  but,  in  wliicli  we  now  liold  lliirrj  place, 
and  not  a  good  one  at  that. 

Ill  a  (|UHrter  of  a  ceiiiury  the  produclioii  oi  pig  iron  in 
(Jerinaiiy  has  trebled  ami  that  of  steel  has  sextuj)led.  In 
1  [)  I :{  (iorinany  produced  18  million  tons  of  steel,  and  we 
produced  7  million  tons.  It  is  quite  true  that  nations  must 
depend  on  each  other  for  j)rod nets  wliicli  each  is  best  able  to 
niamiriicture,  but  this  hardly  applies  to  the  iron  and  steel 
industry.  We  have  not  been  wanting  in  rneiallu r^ir-al  know- 
ledge nor  obviously  worse  off  in  natural  resources,  i lence  the 
rapid  increase  and  present  magnitude  of  the  German  produc- 
tion of  iron  and  steel  seems  to  me  to  have  a  lesson  for  uh. 
German  trade  is  conducted  thoroughly  and  unscrupulously  as 
a  warfare,  and  it  may  well  be  that  the  fostering  of  the  iron 
and  steel  industry  is  to  be  reckoned  amongst  the  preparations 
for  war,  for  without  a  great  capacity  for  iron  and  steel  produc- 
tion the  present  war  could  not  be  prosecuted.  It  is  impossible 
to  ignore  tlie  ambition  frankly  stated  by  Dr.  Ostwald,  the 
distinguished  Leipzig  professor,  that,  Germany  "  having 
become  the  military  centre  of  Europe,  it  was  necessary  for  her 
to  become  the  industrial  centre  also.'' 

In  a  very  interesting  address  to  the  Royal  Society  of  Arts, 
Dr.  Dugald  Clerk  made  a  protest  against  the  tendency  to 
contrast  unfavourably  British  achievements  in  science  and 
industry  compared  with  those  of  Germany.  With  most  of 
this  address  I  heartily  agree,  and  in  any  case  I  should  differ 
from  Dr.  Dugald  Clerk  with  reluctance  and  even  with  some 
trepidation.  Many  years  ago,  Walter  Bageliot  wrote,  "We 
English  are  always  grumbling  at  ourselves.  But,  after  all, 
England  is  a  success  in  the  world  ；  her  career  has  had  many 
faults  but  it  has  been  a  fine  and  winning  career  on  the  whole." 

Dr.  Dugald  Clerk  quoted  my  reference  to  the  iron  and 
steel  industry,  and  replied  to  it  that  "it  is  misleading  to  cite 
the  relative  production  of  iron  and  steel  as  proving  either 
the  prosperity  of  Germany  or  the  decadence  of  England." 
As  an  explanation  of  the  difference  in  this  matter  of  England 
and  Germany,  Dr.  Dugald  Clerk  says  that  the  United 
Kingdom  has  a  total  of  23,000  miles  of  railway  and  Germany 
has  38,000  miles,"  and  that  "  it  would  be  extraordinary  if  a 
capable  and  industrious  nation,  such  as  the  Germans  are, 
could  not  succeed  in  making  most  of  the  steel  required  for 
their  own  use."  But  he  had  forgotten  that  in  India  there 
are  33,000  miles  of  railway,  almost  as  many  as  in  Germany, 
mainly  built  and  maintained  by  the  use  of  English  steel,  and 
railways  in  other  Colonies  naturally  supplied  from  this 
country.  The  railway  mileage  test  does  not  seem  to  explain 
the  large  German  production  of  steel. 

Dr.  Dugald  Clerk  says  also  that  the  greater  part  of 
German  steel  is  used  at  home.  But  how  far  is  that  true  ？  In 
1912  Germany  exported  a  million  tons  of  pig  iron  and  4 
million  tons  of  steel  partly  manufactured.*  In  1913  we 
imported  from  Germany  iron  and  steel  to  the  value  of 
£7,500,000,  and  in  addition  machinery  to  the  value  of 
£2，300，000. 十  Take  a  single  article,  railway  rails.  Between 
1908  and  1912，  only  four  years,  the  export  of  rails  from  the 
United  Kingdom  decreased  10  per  cent.,  that  from  Germany 
increased  16  per  cent.,  and  that  from  the  United  States  22 
per  cent.  In  1912  both  Germany  and  the  United  States 
exported  more  rails  than  we  did.  Now  the  iron  and  steel 
industry  is  a  basic  industry,  the  prosperity  of  it  affects  almost 
all  other  industries.  We  might  get  on  without  a  dye  industry, 
but  the  steel  industry  is  vital.  . 

The  impulse  to  the  development  of  the  German  iron  and 
steel  trade  came  from  the  acquisition  in  1871  of  part  of 
Lorraine,  containing  1,800  million  tons  of  minette  iron  ore, 
followed  by  the  discovery,  in  1877，  by  Thomas  and  Gilchrist, 
of  the  basic  process.  Probably  Germany  expected  as  one 
result  of  the  war  to  annex  the  still  larger  iron  deposits  in  the 
part  of  France  now  occupied  by  her  armies.  Mr.  Ellis  Barker 
has  stated  that  the  attack  on  Verdun  was  probably  due  to  the 
wish  to  deprive  France  of  her  iron  ore.  It  is  probably  true 
that  steel  is  produced  in  Germany  more  cheaply  than  here. 
The  works  are  on  a  very  great  scale  and  under  the  most  able 
commercial  and  scientific  management.  German  steel  is 
almost  exclusively  made  by  the  basic  process.  British  steel 
is  made  chiefly  by  the  acid  process,  which  requires  purer  ore, 

*  Board  of  Trade.    Iron  and  Steel,  1912. 
十 Sir  L.  G.  Cliiozza  Money. 


340 


THE    MECHANICAL  ENGINEER. 


[November  3,  1916 


and  in  fact  a  large  part  of  our  production  is  from  imported 
ore.  I  believe  we  could  produce  more  basic  steel,  and  it  is 
worth  consideration  whether  a  prejudice  against  basic  steel 
justified  in  early  days  is  now  reasonable. 

An  influence  which  in  the  opinion  of  continental  econo- 
mists has  been  powerful  in  the  development  of  German  trade 
is  the  system  of  Kartells,  which  has  been  formed  since  the 
passing  of  rigidly  protective  legislation  in  1879.  One  of  them, 
the  Steel  Union,  embraces  31  firms  with  an  annual  output  of 
12  million  tons.  Based  on  mutual  consent,  it  controls  the 
selling  price  of  steel  in  each  district,  the  area  within  which 
each  selling  agency  may  supply,  the  total  annual  output  of  each 
steel  works,  and  the  allocation  among  makers  of  the  profits. 
It  was  ostensibly  the  object  of  this  combination  to  reduce  cost 
of  production  by  regulating  output  and  abolishing  competi- 
tion between  firms  in  the  syndicate.  No  doubt  a  less  openly 
confessed  object  was  to  acquire  selling  monopolies  and  impose 
its  own  price  on  consumers. 

It  is  alleged  that  the  Steel  Union  systematically  resorts 
to  dumping.  In  normal  trade  the  price  increased  with  the 
distance  from  the  centre  of  production,  being  loaded  with 
transport  and  other  charges.  In  dumping  the  reverse  is  the 
case,  out  of  profits  made  in  a  protected  home  market, 
bounties  are  given  on  exports  to  vanquish  competition.  For 
instance,  from  figures  given  by  M.  Milliond,  girders  and  rolled 
bars  sold  in  Germany  at  M.130  were  sold  in  England  and 
South  America  at  M.103  to  M.llO,  and  in  Italy,  where  it 
was  desired  to  hamper  a  struggling  industry,  at  M.75.  Sir 
Robert  Hadfield  has  stated  that  before  the  war  the  export 
bounty  granted  by  the  Steel  Union  amounted  to  M.15  per 
ton.  The  sale  at  a  low  price  of  an  accidental  surplus  due 
to  over-production  is  one  thing  ；  deliberate  over-production 
in  order  to  defeat  competition  abroad  by  dumping  is  another. 
Competent  observers  like  M.  Milliond  believe  that  that  has 
been  the  policy  of  the  Steel  Union.  . 

Perhaps  there  is  nothing  illegal  or  which  contravenes 
ordinary  trade  morality  in  a  system  of  dumping.  The  Com- 
missioner sent  by  "  The  Times  '，  in  1901  to  report  on  "  Ameri- 
can Competition  ，，  states  that  the  American  manufacturers 
openly  avowed  the  intention  to  keep  up  prices  by  stinting  the 
home  market  in  order  to  force  the  export  trade  by  cutting 
prices  in  foreign  countries.  Possibly  the  importance  of 
dumping  may  have  been  overrated.  Continental  economists 
do  not  seem  to  think  so.  But  I  do  not  believe  that  any  nation 
subjected  to  systematic  dumping  will  permanently  submit  to 
strangulation  by  an  unfair  trade  method.  It  is  not  for  me  to 
suggest  a  remedy.  No  doubt  one  can  be  found,  and  personally 
I  hope  it  may  not  interfere  with  our  custom  of  unrestricted 
trade. 

To  adopt  a  Kartell  system  with  the  protection  which  is 
its  basis  in  Germany,  would  be  contrary  to  our  ideas  and 
traditions.  But  dumping  is  not  an  essential  part  of  associa- 
tion in  trade.  We  may  recognise  that  as  Naumann  says,  in 
Mitiel-Europa,  "  combination  means  the  elimination  of  waste- 
ful coin  petition,  economy  of  large  production  and  gains  from 
expert  buying  and  selling  on  a  large  scale."  It  is  a  matter 
for  consideration  whether  our  trade  methods  have  not  been 
too  individualistic.  There  would  seem  to  be  advantages  in 
co-operation  of  firms,  not  merely  to  control  labour,  but  in 
introducing  methods  of  workshop  organisation,  in  pooling 
com niercial  and  technical  knowledge,  in  uniting  in  scientific 
investigations,  and  in  establishing  competent  agencies  in 
foreign  countries.  The  Engineering  Standards  Committee  is 
an  example  of  advantages  obtained  by  consultation  and  com- 
promise without  interference  with  individual  freedom,  and 
standardisation  of  production  is  likely  to  be  much  extended 
after  the  war.  Mr.  Asquith  said,  "  I  lay  particular  emphasis 
on  two  tendencies.  The  first  is  the  development  of  trade 
associations  for  common  action  at  home  and  abroad,  raising 
the  average  standard  of  production.  The  second  is  the  recog- 
nition of  the  leeway  we  have  to  make  up  as  regards  scientific 
research  and  its  application  to  technical  and  industrial 
purposes." 

In  August,  1914,  the  Navy  was  ready  but  in  other  respects 
we  were  unprepared  for  the  war  which  was  forced  on  us.  But 
the  way  in  which  our  characteristic  unpreparedness,  slackness, 
and  inertia  have  been  overcome  and  organisation  created  is 
extraordinary.  It  is  an  engineers'  war,  and  mechanical 
engineers  can  realise  the  task  involved  in  their  department. 
Four  thousand  factories  are  under  Government  control,  and 


the  private  workshops  have  been  organised  under  local  com- 
mittees and  adapted  to  unaccustomed  work  of  great  precision. 
In  Mr.  Asquith  s  words,  "  the  history  of  the  war  in  the  indus- 
trial sphere  at  home  has  been  a  history  of  grave  and 
threatening  difficulties,  courageously  faced  and  successfully 
overcome.  '  In  spite  of  the  withdrawal  of  men  for  the  front 
and  the  employment  of  a  million  and  a  half  of  men  and 
nearly  half  a  million  women  on  munition  and  war  work, 
ordinary  activities  have  been  kept  going  without  serious 
embarrassment.  But  when  the  war  is  over  there  lies  ahead 
another  strenuous  time.  There  will  be  the  cessation  of  war 
expenditure,  the  return  of  the  men  at  the  front  with  physical 
and  mental  capacity  enlarged  by  the  experience  and  discipline 
of  service,  and  the  disposal  of  the  women  who,  in  munition 
factories  and  elsewhere,  have  been  replacing  men  and  earning 
unaccustomed  wages.  Still,  there  is  no  reason  for  pessimism. 
Our  productive  output  has  been  enormously  increased  under 
war  stress,  and  may  be  maintained  in  peace.  There  has  been 
the  creation  of  very  large  new  engineering  factories,  older 
factories  have  been  overhauled  and  equipped  with  new  high- 
class  tools.  Manufacturers  have  co-operated  in  a  way  uiv 
known  before,  and  workshop  methods  and  organisations  have 
been  improved.  Industry  has  been  modernised  and 
invigorated.  - 

Certainly  relations  between  employers  and  employed  have 
been  unsatisfactory  in  the  past.  There  are  signs  that  the 
admirable  co-operation  which  has  been  exhibited  during  the 
war  has  produced  a  better  feeling.  We  may  hope  that  with 
some  increase  in  the  rewards  and  improvements  in  the  con- 
dition of  workmen  deliberate  restriction  of  output  may  be 
abolished.  Adopted  partly  from  false  economic  ideas,  partly 
from  natural  anxiety  as  to  wages  and  status  as  craftsmen,  it 
has  been,  as  Mr.  Arthur  Chamberlain  says,  effective,  but  at 
a  terrible  cost  in  loss  of  production. 


THE  GRINDING  OF  HIGH-SPEED  STEELS. 

Some  interesting  information  respecting  the  grinding  of  high- 
speed steel  cutting  tools  is  given  in  an  article  by  Mr.  C.  E. 
Gillett  in  a  recent  issue  of  "  Grits  and  Grinds,"  published  by 
the  Norton  Company,  of  Worcester,  Mass.,  U.S.A.,  which  we 
reproduce  in  part  as  follows: ― 

That  the  lieat  generated  in  grinding  does  not  affect  the 
temper  of  high-speed  steel  is  a  rather  prevalent  idea.  This 
opinion  is  derived  from  the  fact  that  cutting  tools  made  of  this 
material  will  stand  up  and  maintain  their  cutting  edge  under 
a  red  heat  which  would  render  a  carbon  steel  tool  useless.  The 
fact  is,  high-speed  steels  can  be  ruined  as  easily  by  grinding  as 
the  ordinary  carbon  tool  steels. 

High  speed  and  self-hardening  steels  may  contain  tungsten, 
chromium,  manganese,  molybdenum,  titanium,  or  other  ele- 
ments, combined  with  from  0.40  to  2.20  per  cent,  carbon. 
Tungsten  influences  the  rate  of  hardening  and  the  depth  to 
which  the  hardening  effect  penetrates  below  the  surface.  It 
also  resists  the  formation  of  a  large  crystalline  structure,  and 
hence  produces  a  keen  and  durable  cutting  edge.  Chromium 
produces  a  very  hard  steel  with  a  high  elastic  limit.  The  com- 
bination of  tungsten  and  chromium  is  responsible  for  the  re- 
markable properties  of  the  modern  high-speed  steels.  Man- 
ganese is  used  to  toughen  the  steel  without  reducing  the  hard- 
ness. Molybdenum  has  properties  very  similar  to  tungsten, 
1  per  cent,  of  the  former  being  equivalent  to  2  per  cent,  of  the 
latter.  Steels  treated  with  titanium  show  greater  resistance 
to  abrasion  and  heat  up  more  slowly  from  friction  than  steel 
not  similarly  treated. 

Many  tools  which  are  supposed  to  have  been  spoiled  by 
grinding  are  not  properly  heat-treated.  If  the  tools,  when 
carefully  reground^  are  still  in  poor  condition,  the  chances  are 
that  the  heat  treatment  is  at  fault.  In  grinding  high-speed 
steels  it  is  necessary  to  observe  numerous  precautions  which 
are  not  necessary  with  the  carbon  steels.  Lighter  cuts,  slower 
speeds  and  traverses  are  usually  necessary,  although  cases  have 
been  known  in  cylindrical  grinding  where  it  was  necessary  to 
use  the  very  high  work  speed  of  260  surface  feet  per  minute  in 
order  to  avoid  burning  and  cutting  edges  of  an  inserted  tooth 
mill.  This  fast  work  speed  was  probably  necessary  because  the 
wheel  in  use  was  too  hard.  The  greatly  increased  work  speed 
resulted  in  an  increase  in  the  grain  depth  of  cut,  which  in  turn 
caused  the  wheel  to  act  softer.  This,  however,  is  an  unusual 
case.    In  most  instances  a  low  work  speed  is  preferable. 
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Uiuloiibtodly  the  most  discussed  point  in  the  grinding  of 
hi^li-speed  steels  is  with  respect  to  t  he  us?  of  water.  At  firs  I. 
all  of  these  steels  were  ground  dry.  Later  some  more  cour- 
ageous than  llie  rest,  advocated  grimliiig  wet.  The  su])eriii- 
tondent  of  one  o(  tlie  largest  small-tool  inaiiufacturing  concerns 
reeentlv  stated  that  it'  was  a  crime  to  grind  high-speed  steels 
cl r y .  In  wet  grinding,  a  liberal  supply  of  water  must  be  avail- 
able. The  tools  being  ground  should  be  flooded  with  water. 
A  Norton  special  service  man  was  called  in  recently  by  a  firm 
manufacturing  a  machine  for  grinding  a  special  type  of  high- 
speed steel  tools.  A  saucer  wheel,  mounted  on  a  vertical 
spindle  was  being  used  to  grind  a  broad,  flat  surface.  A 
gas  pipe  and  rubber  tube  directed  tlie  water  on  to  the  back  of 
the  wheel,  whence  it  flew  off  by  centrifugal  force  without 
striking  tlie  work.  Naturally  considerable  trouble  was  experi- 
CTiced  on  this  operation.  The  special  service  man  recoin- 
niended  that  more  water  be  directed  between  the  wheel  and 
the  work.  This  was  done  and  the  results  obtained  were  aston- 
ishing. A  second  connection  was  made  whereby  water  could 
be  directed  on  to  the  work  from  both  sides.  From  a  near 
failure  the  machine  was  converted  into  a  practical  commercial 
proposition. 

It  is  necessary,  in  many  cases,  to  grind  dry,  and  if  care  is 
not  taken,  skin  softening  will  result.  Skin  softening  is  the 
softening  of  a  very  thin  layer  on  the  surface  of  the  tool  being 
ground.  It  may  be  detected  by  passing  a  file  across  the  sus- 
pected section.  The  file  will  take  hold  of  a  softened  portion  of 
the  surface.  However,  a  second  pass  of  the  file  in  the  same 
place  will  usually  show  that  the  soft  skill  has  been  removed 
and  that  the  hard  stock  has  been  reached.  Lathe  tools,  drills, 
and  cutters  burned  in  grinding,  or  skin  softened,  generally  can 
be  redeemed  by  grinding  off  J^in.  to  ^-in.  of  the  burned  sec- 
tion. In  dry  grinding  formed  tools  made  of  Styrian  steel, 
hardened  and  tempered,  were  used  in  a  universal  machine.  It 
was  noticed  that  burning  always  resulted  if  grinding  was  from 
the  body  to  the  point  of  the  tool.  However,  in  grinding  from 
the  point  to  the  body,  this  trouble  was  eliminated.  In  the 
latter  case,  the  heat  is  driven  ahead  of  the  wheel  on  to  the 
body  of  the  tool,  which  has  a  greater  capacity  for  holding  the 
heat  generated. 

Checks  and  cracks  are  very  easily  obtained  on  some  types 
of  high-speed  steels,  if  great  care  is  not  observed.  This  is  pos- 
sible with  both  wet  and  dry  grinding,  but  more  prevalent  with 
dry  grinding.  An  easy  way  to  produce  checked  tools  is  to 
grind  dry  and  occasionally  dip  the  tool  into  a  pail  of  water. 
Another  method  of  grinding  is  to  heat  the  high-speed  tools  to 
a  temperature  at  which  they  are  used  under  normal  working 
conditions.    Such  grinding  necessarily  must  be  done  dry. 

Wheel  speeds  are  Very  important.  It  is  a  well-known  fact 
that  wheels  will  act  harder  at  higher  speeds.  For  general 
grinding,  most  abrasive  wheel  manufacturers  recommend  a 
wheel  speed  of  5,000  surface  feet  per  minute.  At  the  sugges- 
tion of  a  Norton  special  service  man,  one  concern  manufactur- 
ing high-speed  steel  tools  reduced  the  wheel  speed  on  a  certain 
operation  to  from  4,500  to  4,700  surface  feet  per  minute.  At 
once  several  of  the  difficulties  experienced  were  eliminated. 
As  a  result  every  grinding  macbine  of  a  cylindrical,  universal, 
or  special  type  was  changed  over  to  a  lower  wheel  speed.  Pro- 
duction was  increased  25  per  cent,  and  the  wheel  cost  was 
decreased  33  per  cent,  through  the  use  of  slightly  harder  wheels 
oil  the  work. 

The  properties  of  high-speed  steel  are  such  that  wheels 
which  will  grind  without  burning  or  checking  are  considered 
too  soft,  when  the  comparison  is  based  upon  the  life  of  wheels 
used  for  grinding  carbon  steel  tools.  However,  it  should  not 
be  forgotten  that  the  greatly  increased  production  obtained 
with  high-speed  steel  tools  is  due  in  a  large  measure  to  the  fact 
that  it  is  possible  to  do  a  greater  amount  of  work  without 
regrinding  the  tools.  A  careful  investigation  of  this  point  by 
wheel  users  will  show  tliem  that  the  wheel  cost  per  unit  of 
production  has  decreased. 

The  artificial  aluminous  abrasives  of  special  temper,  known 
as  No.  38  alundum  and  No.  26  alundum,  make  the  best  wheels 
for  grinding  high-dpeed  steels.  The  wheels  must  generally  be 
of  coarser  grit  and  softer  grade  than  is  used  for  similar  work 
on  carbon  steel.  Coarser  softer  wheels  cut  faster  and  cooler. 
However,  grit  of  too  coarse  a  size  will  not  leave  a  good  finish 
on  the  tool,  the  cutting  edge  being  rough  and  irregular.  For 
cylindrical  work,  finer,  harder  wheels  can  be  used,  but  for 
broad  flat  surfaces  a  very  much  coarser,  softer  wheel  is  neces- 
sary. 


The  host  resulls  are  always  ohl  uinod  wlicii  t  li<>  wliool  in 
nimiin"f  t  rue.  Wheels  for  tool  and  cu", 吓 work  should  alwayn 
1"、  <lresso(l  wit  li  a  (liarnoiul,  cave  taken  uoi  to  use  loo 

(lull  Ji  (liainoiul  or  to  dress  the  wheel  loo  fine.  Ah  hooii  as  the 
wheel  starts  to  glaze  and  heat  ilie  work,  \i  should  be  dremed 
again.  Two  or  three  passes  of  the  diainoud  are  siiflicieiit  io 
produce  a  good  free  cutling  wheel  face. 

The  grinding  of  high-speed  steels  commences  immediately 
after  tlie  mould  has  been  drawn  from  the  castings.  The  sur- 
face of  the  billet  usually  contains  reams,  cracks,  or  blister 
marks.  It  is  necessary  to  grind  out  these  bleniislieK  prior  to 
rolling  the  steel  into  bar  form  or  poor  material  will  result,  and 
considerable  of  the  stock  may  liave  to  be  rejected.  The  action 
of  a  seam  or  crack  in  high-speed  steel  is  similar  to  the  piping  in 
billets  used  for  steel  rails  and  other  heavy  shapes.  Tliese 
billets  of  high-speed  steel  are  ground  either  on  a  floor  stand, 
or  with  a  swing  frame  grinder,  according  to  the  weight  of  the 
piece.  The  wheel  speeds  in  general  average  from  5,000  to 
6,000  surface  feet  per  minute. 

Practically  all  grinding  of  drills,  reamers,  milling  and 
formed  cutters,  and  similar  tools  is  done  wet.  Owing  to  the 
hardness  of  many  high-speed  steels,  it  is  impossible  to  cut  off 
small  pieces  of  stock  |in.  to  ^'in.  square  for  lathe  and  planer 
tools  in  the  usual  way.  Thin  wheels,  produced  by  tlie  Vul- 
canite process,  up  to  12in.  in.  are  in  great  demand  for  cut- 
ting off  work.  A  good  average  for  cutting  off  |in.  square  stock 
with  a  vulcanite  wheel  is  15  seconds  per  cut  ；  for  |in.  and  ^in. 
stock  with  an  elastic  wheel,  the  time  is  10  and  20  seconds  per 
cut,  respectively. 

Many  manufacturers  are  trying  to  grind  high-speed  steel 
and  carbon  tools  under  the  same  conditions  and  with  the  same 
wheels.  Naturally  this  is  possible,  but  such  methods  cannot 
secure  the  greatest  efficiency.  It  is  better  to  have  two  sets  of 
wheels  and  to  use  each  for  the  particular  material  whereon  it 
is  most  efficient.  The  greatest  obstacle  encountered  m  this 
respect  is  the  disinclination  of  the  operators  and  foremen  to 
be  continually  changing  wheels.  In  the  small  shops  the  time 
necessary  to  change  wheels  would  not  be  a  serious  factor.  In 
the  large  shops  a  little  study  and  conscientious  effort  can 
readily  effect  a  grouping  of  machines  and  routing  of  the  work 
which  will  bring  forth  the  best  results  in  the  grinding  of  both 
materials,  and  will  effect  a  saving  in  the  operating  costs. 


Lloyd's  Shipbuilding  Returns.— The  returns  compiled  by 
" 丁， Icjy&s  Register  of  Shipping,'*  which  only  lake  into 
account  vessels  of  100  tons  and  upwards  the  construction  of 
which  has  actually  begun,  show  that  there  were  469  merchant 
vessels  of  1,789,054  tons  gross  under  construction  in  the 
United  Kingdom  at  the  close  of  the  quarter  ended  September 
30th,  1916，  which  is  about  249,000  tons  more  than  that  which 
was  in  hand  at  the  end  of  the  previous  quarter,  and  about 
253,000  tons  more  than  the  tonnage  building  twelve  months 
ago.  Of  the  merchant  vessels  being  built  in  the  United 
Kingdom  at  the  end  of  September,  406  of  1,442,003  tons  are 
under  the  inspection  of  the  surveyors  of  "  Lloyd's  Register  ，， 
with  a  view  to  classification  by  that  society.  In  consequence 
of  the  war  it  is  not  possible  at  present  to  publish  the  usual 
information  regarding  the  shipbuilding  industry  throughout 
the  world. 

The  Society  of  Engineers.— At  the  ordinary  meeting  of  the 
Society  of  Engineers,  to  be  held  at  the  apartments  of  the 
Geological  Society,  Burlington  House,  Piccadilly,  W"  on 
Monday,  December  11th,  commencing  at  3  p.m.,  two  papers 
will  be  presented  for  discussion,  dealing  with  the  sources  of 
minerals  and  mineral  ores  required  in  the  engineering  industry 
of  the  United  Kingdom.  The  first  paper  will  be  presented  by 
Prof.  W.  G.  Fearnsides,  M.A.,  Sorby  Professor  of  Geology  at 
the  University  of  Sheffield,  and  will  deal  with  the  minerals 
required  by  the  iron  and  steel  industries.  The  second  paper 
will  be  presented  by  Prof.  C.  G.  Cullis,  D.Sc"  M.Inst.M.M., 
Professor  of  Economic  Mineralogy  at  the  Imperial  College  of 
Science,  and  will  deal  with  non-ferrous  ores.  As  the  subject 
for  discussion  is  of  exceptional  interest  at  the  present  time, 
and  a  large  number  of  eminent  engineers  and  metallurgists  will 
be  invited  to  attend,  the  Council  have  decided  to  throw  the 
meeting  open  to  the  public  by  tickets,  which  may  be  obtained 
(gratis)  on  application  to  the  Secretary,  17，  Victoria  Street, 
S.W. 
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FRICTION  CLUTCHES.* 

BY  "WILLIAM  G.  GASS,  M  I.M.E, 

It  is  a  little  difficult  to  know  where  to  commence  the  treat- 
ment of  a  subject  like  a  friction  clutch,  which  is  not  a 
】iiachiue  in  itself  but  only  a  part  of  machinery,  and  of  whicli 
there  is  so  great  a  variety,  so  many  makers,  and  such  extended 
use.  The  author  does  not  therefore  propose  to  deal  with 
any  one  type,  but  to  review  the  general  types  into  which 
they  may  be  classified,  to  refer  to  their  couirnon  points  and 
detail,  and  as  far  as  possible  their  weaknesses  and  faults  ；  not 
with  the  idea  of  extolling  one  type  against  another,  but  by 
brintring  thei^r  faults  to  view  to  help  towards  their  removal, 
for  it  is  only  by  coii.sicleratioii  of  weak  points  that  we  can 
strengthen  them.  It  may  be  taken  as  an  axiom  that,  though 
one  type  of  clutch  may  ha ve  advantages  over  another,  there 
is  not  any  perfect  clutch,  some  types  answering  better  than 
others  for  different  classes  of  work  :  this  is  a  great  point  to 
bear  in  mind  when  arranging  clutch  drives.  We  may  com- 
mence by  defining  a  clutch  as  a  mechanical  device  by  which 
rotary  motion  is  transmitted  from  a  first-motion  shaft  to 
another  or  second-motion  shaft,  which  may  be  either  in  the 
same  straight  line  or  parallel  with  it.  Clutches  are  divided 
into  a  number  of  distinct  types  :  (1)  Claw  couplings,  (2)  fric- 
tion cones,  (3)  internal  segment  and  band  clutches,  (4)  exter- 
nal segment  and  band  clutches,  (5)  plate  clutches,  (6)  brush 
clutches,  (7)  magnetic  clutches,  (8)  automatic  clutches. 

('law  Con jflittff^i. —— Claw  couplings  cannot  be  generally 
classified  as  friction  clutches,  but  they  can  be  and  are  com- 
bined with  a  friction  slipping  device  by  which  some  of  the 
shock  is  absorbed  when  thrown  into  gear  with  the  prime 
mover  when  rotating.  Without  any  friction  device  they  are 
very  useful  on  machines  where  the  load  is  not  very  great,  as 
they  have  all  the  advantages  of  giving  a  drive  witli  no  chance 
of  slip.  Where  used  for  transmitting  heavy  loads  or  at  high 
speeds  they  should  only  be  put  in  gear  when  the  machine  or 
shafting  is  stopped.  They  are  also  very  difficult  to  release 
when  transmitting  heavy  loads. 

Fi  irtifj/i  f'o/ies, —— These  are  the  simplest  form  of  friction 
clutch,  and  for  some  purposes  the  best,  because  simple  in 
construction  ；  if  properly  made  they  drive  very  well  ；  they 
have  the  serious  defect,  for  general  use,  of  requiring  to  be  held 
up  with  a  constant  pressure,  which  absorbs  power  and  causes 
wear  on  the  setting-up  gear  and  the  bearings  taking  the 
tlirust  of  the  setting-up  gear.  A  portion  of  the  constant 
thrust  can  be  eliminated  by  making  the  angle  of  the  internal 
portion  sufficiently  small,  but  this  makes  the  cone  liable  to 
stick,  and  it  is  not  infrequent,  when  large  cones  are  so  made, 
to  have  to  hammer  the  outside  of  the  cone  to  make  the  two 
portions  come  apart. 

If,  on  the  other  hand,  the  cone  angle  is  too  large,  the 
pressure  required  to  keep  the  two  parts  in  gear  is  so  great 
that  it  is  very  difficult  to  transmit  the  power.  Generally,  these 
large  cones  are  used  for  driving  machinery  in  bleachworks 
and  similar  places,  and  are  useful  where  there  is  a  good  deal 
of  wet  about.  They  are  usually  made  of  cast  iron,  the 
inner  part  sliding  on  the  shaft  on  float  keys,  the  outer  part 
running  loose  on  the  shaft.  Tliey  have  been  tried  as  double 
cones  with  internal  and  external  bearing  surfaces,  but  there 
is  nothing  to  justify  such  an  arrangement.  If  covered  with 
some  f Fictional  substance  such  as  leather,  or  any  of  the  nume- 
rous f Fictional  materials  made  for  the  purpose,  the  driving 
power  is  increased. 

In  motor-cars  the  cone  has  proved  a  most  valuable  type,  as 
the  usual  conditions  are  reversed,  and  it  is  as  a  constant 
driver  that  its  value  comes  in.  The  arrangement  in  motor- 
cars is  such  tliat  there  is  no  end  thrust  except  when  it  is  not 
transmitting  power,  and  is,  therefore,  working  under  the  best 
conditions, 

Inff-r/t aJ  ,SV f  or  Jiaad  ( 'lt/fche>i. ― These  are  divided 
into  two  distinct  types ― those  in  which  tlie  internal  segment 
is  in  two  or  more  sections,  which  are  forced  apart,  by  means 
of  screws  usually  ；  and  those  in  which  the  internal  segment  is 
cast  all  in  one  piece,  so  arranged  that  the  driving  portion  is 
expanded  against  the  spring  of  the  metal.    This  type  is  made 

*  Paj)er  read  before  the  Manchester  Association  of  Engineers,  October  28tb, 


in  two  forms  ；  in  one  case  the  segment  is  sprung  apart  at  two 
points,  and  the  other  in  one  place  only.  Similar  forms  are 
made  with  hinged  portions.  In  the  loose  segment  type,  the 
segments  are  carried  on  the  arms  of  a  turned  internal  piece, 
usually  keyed  on  to  the  shaft  as  driver,  but  in  other  cases 
sliding  in  grooves  made  to  receive  them  in  the  driven  por- 
tion. 

K.rfn'tud  Segment  or  ]hwd  Clufehe.^, —— The  external  seg- 
ment or  band  clutch  is  made  in  quite  as  many  forms  as  the 
internal-band  type,  but  is  more  generally  used  for  the  smaller 
powers.  The  segments  are  in  two,  tliree,  or  four  pieces,  forced 
on  to  a  central  drum,  and  carried  in  much  the  same  way  as 
the  previous  type.  A  single  band,  similar  to  a  brake  drum 
strap  gripping  on  a  central  drum  and  set  up  by  a  wedge,  is 
one  form  ；  another  has  two  bands  and  is  set  up  from  opposite 
sides.  Another  takes  the  form  of  a  spring  coil  which  tightens 
up  by  tension  and  friction,  and  is,  in  fact,  an  external  cone 
clutch  with  a  flexible  rim.  It  is  not  usual  to  consider  a  fast 
and  loose  pulley  drive  as  a  clutch,  but  it  comes  under  this 
head,  the  belt  being  the  external  friction  band. 

J'Uife  (lutrhtx. ― A  plate  clutch  is  distinct  from  any  of 
the  other  forms,  as  the  gripping  surface  is  between  two  or 
more  flat  plates  pressed  together,  one  plate  being  attached  to 
the  driver  and  the  other  to  the  driven  alternately.  These  are 
forced  together  by  levers  through  a  toggle  joint.  Another 
form  of  this  type  has  the  plates  of  stamped  steel  formed  into 
a  kind  of  double  cone,  which  is  supposed  to  give  it  extra 
gripping  powers. 

Bn/sh  CIufche.'^.—The^e  utilise  the  resistance  of  a  great 
number  of  projecting  wires  which,  wlien  the  two  portions  are 
pushed  together,  interlock,  and  give  the  necessary  power  of 
driving. 

Mar/netic  Cli/fch. ― Magnetic  clutches  have  generally  two 
flat  faces,  though  conical  surfaces  have  been  used,  which  are 
pulled  together  by  the  power  developed  in  an  electro-magnet 
formed  in  one  half  the  clutch. 

A  ii  to  ma  fir  dutch. ― Automatic  clutches  depend  on  centri- 
fugal action  to  keep  the  surfaces  in  contact,  and  are  used  in 
connection  with  electric  motors,  being  designed  usually  to 
come  into  operation  at  certain  desired  speeds. 

The  foregoing  brief  summary  of  the  different  types  makes 
it  evident  that  their  number  is  very  great,  and  that  it  would 
take  more  than  the  space  available  to  describe  them  in  any- 
thing approaching  detail.  They,  however,  all  possess  points 
and  faults  in  common,  and  it  is  these  wliich  it  is  proposed  to 
consider  as  well  as  tlieir  other  features. 

Drivifiy  Surfaces. ― Tliese  are  for  the  most  part  metal  on 
metal,  usually  cast  iron  on  cast  iron.  In  cones,  and  in  internal 
segment  clutches,  in  the  old  days  they  used  to  be  covered  with 
copper  plates  riveted  on  by  copper  rivets.  Many  of  the 
oldtime  millwrights,  particularly  in  bleach  and  similar  works, 
would  not  have  anything  else,  but  there  are  not  many  made 
so  at  the  present  time.  Copper  covering  did  «ot  materially 
increase  the  driving  power,  but  it  was  generally  believed  to 
do  so.  If  the  clutch  were  heavily  loaded  there  was  a  tendency 
for  the  copper  to  creep  and  shear  the  rivets.  Examination  of 
the  surface  of  the  copper  after  long  work  showed  the  surface 
was  embedded  with  fine  particles  of  iron  from  the  outer  part 
of  the  cone  or  clutch,  and  it  became  hard  and  glazed,  the  pieces 
of  embedded  iron  being  hard  and  exceedingly  sharp. 

There  are  several  kinds  of  friction  material  now  made  which 
are  recommended  for  clutches.  These,  no  doubt,  are  of  advan- 
tage for  brakes,  but  there  are  difficulties  in  the  way  of  using 
them  for  clutches.  In  most  cases  rivets  have  to  be  depended 
011，  and  these  are  apt  to  give  way.  The  material  is  liable  to 
glaze,  particularly  where  the  clutch  goes  in  and  out  many 
times.  Wooden  blocks  as  driving  surfaces  act  very  well  if 
the  load  is  not  excessive,  but  if  over-taxed  they  char  on 
the  surface  and  give  way.  Where  steel  is  used  it  should  not 
be  used  on  cast  iron  unless  it's  surface  is  chilled  very  hard,  or, 
if  on  steel,  on  a  case-hardened  surface.  Some  of  the  smaller 
kinds  of  clutches  use  two  hardened  surfaces,  but  this  must 
reduce  the  driving  power. 

In  plate  clutches  cast  iron  on  cast  iron  is,  in  the  author's 
opinion,  best,  mild  steel  on  cast  iron  being  a  failure.  One 
clutch  uses  a  double  cone  arrangement  in  which  the  pressure  is 
on  the  inside  and  the  outside,  and  steel  plates  are  used  through- 
out.     A  great  deal  is  claimed  for  this,  and  it  is  satisfactory 
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as  \ong  as  il  is  attended  to  hiuI  not  overloaded.  In  motor 
cnrs  leather  (nveil  cone  clutches  are  in  the  majority,  and  the 
results  justify  their  popularity  ；  they  have  to  work  so  much 
as  a  slipping  clutch  (hat  metal  to  metal  surfaces  have  not 
proved  satisfactory  unless  lubricated.  In  these  the  coefficient 
of  friction  is,  of  course,  higher  than  metal  to  metal.  In 
magnetic  clutches  fibre  on  iron  is  usual,  and  they  are  said  to 
give  good  results. 

The  trouble  of  driving  surfaces  is  thai-  they  wear  away,  and 
this  wearing  is  greater  or  less  as  the  clutch  slips  or  not.  It 
is  obvious  that  faces  of  metal  cannot  slip  on  one  another  under 
pressure  without  wearing  away,  and  the  examination  of 
surfaces  which  have  been  in  use  shows  the  way  in  which  the 
loss  occurs.  The  surfaces  generally  being  dry,  a  small  portion 
of  metal  gets  embedded  into  whichever  of  the  surfaces  is  the 
softer,  and  acts  as  a  kind  of  plough  into  the  other.  It  i3 
not  necessarily  the  softer  of  the  two  which  gives  way,  but  often 
the  harder.  This  does  not  sound  quite  reasonable,  but  it  is  a 
fact.  If  you  take  a  lead  plate  and  cover  it  with  particles  of 
emery  it  will  cut  away  the  hardest  steel.  It  is  not,  of  course, 
the  lead  plate  that  cuts,  but  the  emery.  The  same  thing 
occurs  with  the  clutch  ；  particles  of  hard  material  get 
embedded  in  the  softer  and  act  as  the  cutting  material,  but 
only  when  the  clutch  is  slipping,  so  that  the  wear  may  be  slow 
or  fast  depending  on  whether  the  driving  faces  slip  much  on 
each  other.  This  explains  why  clutches  put  in  as  slipping 
clutches  are  not  often  very  successful. 

Clearances. ― Clearance  is  the  main  difficulty  in  the 
general  run  of  clutches  and  the  sraallness  of  it  is  the  cause  of  a 
considerable  amount  of  wear  when  running  out  of  gear.  In 
all  cases  where  the  setting  up  is  done  by  screws,  the  clearance 
between  the  driving  part  and  the  driven  is  a  relatively  small 
amount.  The  cone  gives  the  largest  amount  of  any,  and  on  that 
score  alone  is  the  best.  In  segment  clutches,  both  inside  and 
outside  hand  clutches,  and  plate  clutches,  it  is  a  very  serious 
problem.  In  the  majority  of  these,  where  a  screw  is  used, 
the  usual  amount  of  rotation  of  tlie  screws  is  about  |  of  a 
revolution,  and  if  screws  of  say  |in.  pitch  are  used,  right  and 
left  hand,  the  movement  given  to  the  segment  is  ^^gin.,  i.e.  ^ , 
on  each  side,  and  that  represents  the  clearance  when  the  clutch 
is  out  of  gear  ；  the  actual  clearance  is  less  than  this  owing  to 
the  shape  of  the  segments. 

Attempts  have  been  made  to  increas*^  the  clearance  by 
racks  to  rotate  the  screw  through  a  pinion,  but  this  does  not 
enable  the  necessary  pressure  to  be  put  on  the  screw,  and  there 
is  consequently  a  loss  in  efficiency.  In  the  internal-band 
clutches,  or  those  of  the  all  metal  spring  centre  type,  the  move- 
ment is  less  than  in  the  segment  type,  as  the  metal  will  not 
stand  the  same  a】iiouiit  of  movement.  In  plate  clutches  it  is 
even  less,  but  these  do  not  need  quite  so  much  movement. 
Usually  these  are  not  set  up  by  screws  but  by  the  direct  thrust 
from  a  toggle  lever,  and  when  the  clearance  is  divided  over 
a  number  of  plates  it  is  small,  and  there  is  consequently  some 
rubbing  when  the  plates  are  running  out  of  gear,  though  it 
does  not  seem  to  have  an  appreciable  effect,  except  at  high 
speeds.  In  magnetic  clutches  the  clearances  must  be  small  or 
the  magnetic  efficiency  is  greatly  reduced. 

Generally  speaking,  clutches  of  all  kinds  wear  away  more 
quickly  out  of  gear  than  they  do  in  gear,  even  where  they  are 
strong  enough  to  easily  cope  with  the  load.  Clearances  are, 
therefore,  the  weak  spot  in  almost  all  types  of  clutch,  being  so 
small  that  any  wear  which  occurs  in  the  bushes  of  the  free  part 
of  the  clutch  affects  its  running,  and  throws  the  two  portions 
out  of  line.  This  is  a  serious  matter  in  large  clutches,  as  the 
ratio  of  clearance  is  not  in  proportion  to  their  diameters,  being 
relatively  less  with  the  large  size  than  with  the  small.  Heavy 
segment  clutches  running  at  slow  speeds  are  sometimes  sup- 
ported by  external  rollers  to  assist  in  keeping  the  outside  of  the 
clutch  in  line.  The  question  of  clearance  only  arises  when  the 
clutch  is  running  out  of  gear. 

Setting  C p  Gear. ― In  all  cases  the  action  of  setting  up  a 
clutch  is  the  conversion  of  a  sliding  movement  along  the  shaft 
carrying  the  clutch  into  a  pressure  between  the  clutch,  surfaces. 
This  may  be  properly  divided  into  two  portions,  the  first  that 
which  is  in  the  clutch  itself,  and  tho  other  that  by  which  the 
power  for  operation  is  applied.  In  the  majority  of  clutches 
the  locking  and  concentration  of  power  obtained  by  the  toggle 
motion  is  the  one  mostly  adopted,  and  when  once  set  up  has 
no  tendency  to  slip  back.     It  requires  in  every  case  an  adjust- 


nieiil  hy  means  of  a  screw  wliicli  ('； iii  be  set  so  as  to  hriii^  the 
levers  in  t  lie  correct  position  to  give  the  requisite  presHure  on 
the  surface. 

Ill  most  of  1  lie  internal  and  external  so^ineiil  and  hand 
clutches  the  adjust  iiieut  is  obtained  l>y  moving  I  lie  main  nuts 
a  portion  of  a  revolution  and  re-locking— the  nut,  having  a 
serrated  rini  with  a  locking  pin.  In  plate  clutches  it  is 
generally  done  by  using  llio  adjust-rneiit  screw  at  the  point 
where  the  pressu re  to  the  plates  is  applied.  In  others,  the 
forcing  of  (he  surfaces  in  con  tact  is  done  by  a  wedge,  having  at 
its  larger  width  a  parallel  portion  which  takes  tlie  end  tlirust 
off  when  the  clutch  is  set  up.  This  wedge  is  flat  in  some  and 
circular  in  others. 

With  both  the  toggle  joint  and  the  wedge  a  sliding  block 
is  necessary  to  transmit  the  power  from  the  stationary  lever 
to  the  rotating  shaft  carrying  the  clutch.  In  the  majority 
of  cases  the  power  is  applied  to  the  clutch  to  set  it  in  gear,  but, 
ill  others,  the  power  is  applied  to  release  it  or  put  it  out  of 
gear,  the  clutch  being  kept  in  gear  by  means  of  springs.  Motor- 
car clutches  are  the  most  common  examples  of  this  kind.  For 
general  machine  driving,  where  a  rapid  movement  is  required 
for  operating  the  clutch,  a  lever  is  usually  employed,  and  if 
the  leverage  is  sufficient,  is  quite  satisfactory.  It  enables  the 
power  to  be  applied  quickly  and  as  quickly  released,  and  where 
it  is  desired  to  give  a  slight  movement  to  the  machine,  and 
also  where  the  clutch  is  put  in  gear  and  released  many  times. 
But  where  a  clutch  is  in  gear  for  long  periods,  a  screw  and 
quadrant  is  mostly  used.  This  is  as  generally  fitted  to  internal- 
combustion  engine  drives.  It  gives  an  easier  starting  move- 
ment because  the  pressure  can  be  more  gradually  applied,  but 
it  is  much  slower  both  at  starting  and  releasing.  Where  the 
lever  is  used,  particularly  on  a  heavy  clutch,  it  requires  a 
strong  pull  on  the  part  of  the  attendant  to  put  the  clutch  in 
gear.  The  trouble  with  all  setting  up  gears  is  the  wear  on  the 
pins  and  lost  motion  due  to  clearance  in  bearings. 

P res-sure  on  Worki/ir/  Facf -、 This  is  the  crucial  point  in 
the  efficiency  of  any  clutch  and  its  power  to  drive,  for  unless 
the  necessary  pressure  exists  between  the  frictional  faces  the 
clutch  cannot  transmit  its  power,  and  it  is  here  where  so  much 
trouble  arises  in  the  use  of  any  form  of  friction  clutch.  The 
power  of  any  clutch  is  of  course  dependent  on  the  coefficient  of 
friction  between  the  surfaces,  and  whether  they  are  dry  or 
lubricated,  and  it  is  this  factor  which  so  materially  affects  any 
formulae  for  the  power  of  a  clutch.  There  is  no  difficulty  in 
saying  that  any  clutch  should  transmit  so  much  power,  pro- 
vided we  assume  that  a  certain  pressure  exists  between  the 
surfaces  ；  but  there  are  many  very  small  items  which  will 
affect  the  result,  more  particularly  where  the  surfaces  are  metal 
to  metal.  The  coefficient  of  friction  varies  greatly  with  the 
state  of  the  surfaces,  and  after  the  surfaces  become  glazed  with 
use  it  drops  very  quickly,  and  the  power  of  the  clutch  drops 
in  unison. 

It  is  usually  considered  that  if  an  actual  pressure  of  501bs. 
per  square  inch  can  be  put  on  the  surfaces  it  is  as  much  as  is 
desirable  for  good  working  conditions  ；  but,  if  for  any  reason 
a  less  pressure  is  put  on  than  that  required  to  transmit  the 
power,  a  clutch  will,  if  it  begins  to  slip,  grind  itself  away 
quickly,  and  in  the  spring-centre  type  grind  away  all  the  avail- 
able spring  in  the  metal.  On  looking  at  the  action  of  the 
toggle  joint  it  will  be  seen  that  the  travel  of  the  portions  of 
the  clutch  being  set  up  is  very  slight  at  the  end  of  the  move- 
ment, when  the  thrust  link  of  the  toggle  is  approaching  the 
vertical. 

Pins  are  essential,  and  in  spite  of  all  that  can  be  done,  will 
wear  so  that  if  a  clutch  is  set  up  correctly  a  very  small  wear  on 
the  pins  and  links  of  the  toggle  will  rapidly  reduce  the  effective 
pressure  of  the  faces,  even  without  taking  into  account  the 
wear  on  the  frictional  surfaces.  It  is,  therefore,  very  neces- 
sary to  keep  a  watch  on  a  clutch  to  see  that  any  wear  which 
may  take  place  is  followed  up，  if  the  life  of  a  clutch  is  to  be 
as  long  as  it  ought  to  be. 

Where  the  pressure  on  the  surfaces  is  due  to  springs,  and 
these,  as  they  usually  are,  are  in  direct  thrust,  then  they  will 
follow  up  a  considerable  amount  of  wear  themselves.  It 
appears  from  this  as  though  springs  were  the  best,  but  they 
are  only  good  where  conditions  are  suitable,  and  this  is  not 
generally  so  for  driving  machines.  The  remarks  about  wear 
apply  equally  to  wedge  setting  up  surfaces. 

The  power  transmitted  is  proportional  to  the  speed  of  rota- 
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tion,  and  a  clutch  winch  will  transmit  10  h.p.  at  100  revs, 
will  of  course  transmit  50  h.jx  at  500  revs.  The  point,  there- 
fore, that  has  to  be  observed  in  using  a  clutch  is  to  see  that 
the  pressure  necessary  to  do  the  driving  must  always  be  main- 
tained, if  the  friction  clutch  is  to  do  its  work  satisfactorily,  and 
that  allowance  must  be  made  for  the  wear  of  pins,  and  other 
parts,  in  the  adjustment  of  the  setting  up  gear. 

l.iihriraiion. —— In  clutches,  as  in  everything  else,  lubrica 
tion  is  of  the  greatest  importance,  and  more  particularly  where 
the  clutch  is  running  idle  for  a  considerable  part  of  its  time. 
If  the  outside  portion  of  the  clutch  is  the  driven  part,  it  runs 
on  the  shaft  and  in  ay  have  to  be  stationary  while  the  shaft 
rotates  in  the  clutch  buslies,  or,  if  the  outside  is  the  driver  it 
has  to  run  loosely  on  a  stationary  shaft.  This  is  a  fruitful 
source  of  trouble  with  many  clutches,  and  the  lubrication  of 
these  bushes  requires  the  closest  attention,  both  in  design  and 
on  the  part  of  the  attendant.  If  the  driven  portion  lias  to  be 
stationary  while  the  shaft  runs  in  it,  there  is  a  tendency  for 
the  shaft  to  wear  a  groove  in  the  bush,  and  when  this  starts  it 
rapidly  grows  worse,  as  this  part  always  seems  to  stop  at  tho 
same  point  and  be  worn  oval  ；  while  if  the  driving  portion 
has  to  run  loose  on  a  stationary  shaft  the  bush  wears  larger 
and  affects  the  clearances,  even  sometimes  becoming  so  bad 
tliat  the  friction  surfaces  never  run  clear  and  are  always  rub- 
bing. When  in  gear  the  lubrication  is  not  required,  and  tlie 
oil  is  liable  to  be  driven  out  of  the  bearing  surfaces  and  so 
be  missing  when  it  is  wanted. 

Many  attempts  have  been  made  to  arrange  the  lubrication 
in  a  satisfactory  manner,  and  as  good  a  way  as  any  is  to  form 
a  cavity  behind  the  bush,  which  fornis  an  oil  well,  and  so 
stores  up  a  supply  ；  but  the  cavity  is  liable  to  become  a  recep- 
tacle for  dirt  and  worn  material  from  the  shaft  and  bearings, 
and  becomes  a  source  of  danger  instead  of  benefit.  Some 
】i]akers  emphasize  the  necessity  of  driving  surfaces  always 
running  in  oil,  but  a  little  consideration  will  show  that  while 
up  to  a  certain  point  this  is  an  advantage,  yet  it  has  evils 
wliich  tend  to  counterbalance  its  advantages. 

In  starting  up  any  friction  clutch  a  certain  amount  of 
rubbing  takes  place,  and  when  two  metal  surfaces  rub  on  one 
another  fine  particles  of  metal  are  given  off.  These,  in  an 
enclosed  chamber,  cannot  get  away  and  so  become  mixed  with 
the  lubricant,  and  form  an  excellent  abrasive  which  does  not 
increase  the  life  of  the  parts.  This  is,  of  course,  obviated  by 
a  little  care  and  the  occasional  cleaning  out  of  the  chamber, 
but  as  everyone  knows  this  is  never  done  until  something 
happens.  Most  clutch  attendants  work  on  the  principle  of 
letting  well  alone. 

Another  peculiarity  of  lubrication  in  the  case  of  plate 
clutches  is  thai  where  the  resistance  to  the  idle  clutch  is  not 
very  great,  if  the  oil  "becomes  thick  the  plates  adhere  because 
all  the  air  is  driven  out  between  tlieni,  and  the  resistance  may 
not  be  able  to  make  the  clutch  stop.  Springs  between  the 
】）]ates  have  been  tried  to  get  over  this,  but  the  results  have 
rot  been  very  satisfactory.  Excessive  lubrication  also  reduces 
the  driving  power  materially.  Solid  grease  has  much  to  be 
said  for  it  for  lubrication  of  clutch  bosses,  but  it  is  often 
difficult  to  get  it  satisfactorily  used. 

A  ppJ/rafion  of  Cluiches. ― In  considering  the  question  of 
the  best  kind  or  size  of  clutch  to  use  for  any  particular  purpose 
it  is  desirable  to  know  the  conditions  under  winch  it  will  have 
to  work.  Where  the  power  is  being  transmitted  to  a  machine 
from  a  line  shaft  to  the  clutch  on  a  countershaft  of  a  machine, 
by  ropes  or  a  belt,  then  the  outside  portion  of  the  clutch  is  the 
driver,  tlie  rope  or  belt  pulley  corning  on  the  boss.  In  this 
case  an  open  type  internal  segment  or  band  clutch  is  better 
to  use  than  an  enclosed  plate  clutch,  not  because  one  drives 
better  than  the  other,  but  for  a  very  simple  reason.  For  this 
drive  with  the  open  type  clutch  the  setting  up  screws  would 
stop,  and  can  be  adjusted  when  the  clutch  is  out  of  gear  ；  while 
in  the  enclosed  dutch  the  setting  up  screws  would  be  running 
all  the  time  and  can  only?  be  adjusted  when  1  he  main  shaft 
stops,  a  matter  of  great  importance  if  the  clutch  begins  to  slip, 
or  requires  adjustment  for  higher  power  while  the  shafting 
is  running.  But  where  a  range  of  machines  driven  off  one 
shaft  l)y  gearing  is  being  used,  then  the  enclosed  dutch  is 
liandier  for  exactly  the  same  reasons,  the  setting  up  screws 
stop  and  can  be  adjusted  without  stopping  the  shaft.  This 
should  always  be  seen  to,  viz.,  that  whatever  type  of  clutch  is 
being  used  the  setting  up  screws  should  be  able  to  be  adjusted 
at  any  time,  without  having  to  stop  llio  iTiain  drive. 


It  is  desirable  to  take  into  account  the  inertia  of  the 
machinery  which  the  clutch  has  to  put  in  motion.  In  some 
machines  the  starting  load  is  considerably  in  excess  of  the 
working  load,  and  therefore  unless  sufficient  allowance  is 
made  in  the  power  of  the  clutch  there  will  be  continued  trouble. 
Take,  for  example,  a  heavy  calender  or  mangle  in  a  bleach- 
works.  This,  if  the  set  or  pressure  be  on  the  bowls,  may  pub 
a  starting  load  of  50  per  cent,  or  more  on  the  running  load, 
and  the  clutch  must  be  able  to  overcome  the  initial  load  easily, 
or  the  clutch  wears  out  quickly.  Then,  in  mangles,  say  in  a 
croft  where  there  is  a  great  amount  of  water  splashing  about, 
a  cone  if  large  enough  will  give  as  good  results  as  any  type 
of  friction  clutch. 

There  is  also  the  question  of  the  point  of  control :  in  any 
machine  the  starting  lever  of  the  clutch  should  be  in  such  a 
position  that  the  attendant  can  put  llie  clutch  in  or  throw 
it  out  of  gear  from  the  position  he  stands  in  when  working 
the  machine  ；  long  shafts  spring  a  considerable  amount,  and 
should  be  as  short  as  possible,  but  a  lever  and  rod  will  allow 
for  a  moderate  distance  away. 

When  the  point  from  wliicli  a  clutch  has  to  be  operated  is 
beyond  the  reach  of  shafts  then  the  mechanical  clutch  meets 
with  difficulties,  and  the  magnetic  clutch  has  an  opening. 
But  in  remote  control  where  the  starting  operator  has  not  a 
good  view,  then  there  is  a  possibility  of  the  machine  being 
started  when  all  is  not  clear  and  causing  accident.  This  is 
not  likely  to  occur  wlien  the  starting  operator  is  near  his 
work  and  can  see  what'  lie  is  doing.  There  is  no  difficulty, 
however,  in  operating  mechanical  clutches  by  compressed  air 
or  water  power  at  any  distance. 

In  driving  machines  that  have  very  little  inertia  to  over- 
come, like  a  fan  or  a  dynamo,  then  it  is  necessary  if  a 
complete  stoppage  is  required  that  the  driven  portion  of  the 
clutch  should  be  carried  on  a  sleeve,  or  be  a  clutch  coupling, 
so  that  the  friction  of  the  bush  cannot  start  the  clutch 
rotating.  A  sleeve  is,  in  effect,  a  hollow  countershaft  through 
which  tlie  main  driver  passes.  As  a  coupling  the  friction 
clutch  operates  very  well,  tlie  shafts  carrying  the  driving 
portion  of  the  clutch  being  distinct  from  the  driven  portion, 
and  when  in  gear  coupling  the  two  shafts  together.  This  is 
the  usual  method  in  coupling  to  internal-combustion  engines 
in  the  setting  up  gear  of  which  the  screw  is  better  than  the 
lever.  In  the  driving  of  a  rubber  machine  for  use  on  planta- 
tions, where  the  operatives  are  natives  and  somewhat  careless, 
tlie  friction  clutch  is  very  necessary,  and  it  can  be  quickly 
thrown  out  of  gear  in  case  of  accidents. 

The  speed  at  which  the  clutch  is  to  run  is  also  an  important 
point  to  consider.  In  that  type  of  clutch  in  which  the 
segments  are  loose  the  centrifugal  a<  tion  of  these  segments 
always  tend  to  force  them  outwards,  making  them  more 
difficult  to  throw  out  of  gear  if  of  the  internal  type,  and  more 
difficult  to  engage  if  of  the  external  type.  Those  in  which 
the  centre  is  all  in  one  piece,  and  forced  out  against  the 
spring  of  the  metal,  are  not  affected  by  centrifugal  force  to 
the  same  extent.  Plate  type  clutches  are  very  little  affected 
by  centrifugal  action. 

The  balance  of  a  clutch  is  also  of  the  greatest  importance, 
as  it  is  rapidly  affected  by  any  want  of  balance,  if  the  speed 
reaches  a  point  at  which  it  becomes  operative.  It  should,  how- 
ever, be  properly  balanced  for  any  speed.  The  cone  having 
no  moving  parts  is  undoubtedly  the  easiest  to  balance  and 
keep  in  balance,  and  would  be  most  used  if  it  were  not  for  its 
other  inherent  defects.  If  the  speed  is  moderate,  internal 
segment  clutches,  where  made  of  sufficient  excess  of  driving 
power,  have  run  for  periods  of  over  twenty  years  without 
renewal,  and  where  they  were  being  constantly  thrown  in  and 
out  of  gear.  Another  point  which  sometimes  affects  the  use 
of  clutches  is  the  overall  space  required,  which  is  more  than 
that  required  by  fast  and  loose  pulleys.  This  is  not  always 
of  moment,  but  there  very  often  arise  positions  where  it  is 
important. 

In  the  consideration  of  clutches  as  against  fast  and  loose 
pulleys  the  question  of  cost  should  be  looked  into.  That  a 
belt  used  over  fast  and  loose  pulleys  will  wear  away  much 
faster  than  one  which  operates  through  a  clutch  is  well  known, 
but  a  clutch  is  more  costly  than  pulleys,  and  we  have  to  decido 
wliicli  will  be  the  better.  A  clutch  enables  drives  to  be  made 
by  ropes  or  chains,  which  would  be  impracticable  without  the 
use  of  a  clutch.  Most  toolmakers  in  tlie  States  use  clutches  on 
their  countershafts,  while  English  makers  generally  prefer 
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tasi  ami  loose  pullt^vs.  Tlie  a.ul  lias,  iit  his  own  works, 
Ih>(  li  soi  l  s  rmmii、i^'，  ami  alt  liougli  1  ho  clutcli  opccates  "mr(' 
(juickly  t  lian  fast  and  loose  pulleys,  I  he  m(、ii  do  not  fit  all 
ai^roe  as  to  which  lliey  like  best.  Tli(、  clufcli  iakos  on  1  lie 
whole  more  power  to  oixMale. 

Clutches  require  upkeop  like  any  ol  lier  mm'liim、  ami 
whel  her  t  his  cost  is  higli  or  low  dopends  on  wliet'lier  tlic 
margin  of  power  is  sunirieni  or  not..  J t*  t  here  is  <'i  good  inargii) 
1  here  will  be  no  trouble  ；  if  you  have  only  just  enough  or  jusl 
under,  then  trouble  is  your  constant-  coinpaniou.  People  who 
buy  clutches  without  considering  the  circunisifiiices,  or  are 
determined  solely  by  the  price  often  regret  their  choice,  as  in 
a  good  inauy  lists  the  powers  of  the  clutches  are  not  under- 
stated, but  designed  to  give  a  very  favourable  and  even  rosy 
liue  t  o  t  he  figures. 

Something  can  be  said  for  the  simplicity  of  magnetic 
clutches  ami  freedom  from  luechanical  niovemeiil,  but  you  have 
to  set  against  iliese  the  contacts,  switches,  cables,  and  other  con- 
nections ； anybody  who  lias  used  these  and  handed  tlieni  over 
to  the  care  of  some  men  know  that  they  can  equal  anything 
in  the  way  of  pins  and  levers  for  trouble  ；  also,  the  constant 
expense,  without  taking  into  account  the  initial  cost，  that 
accrues  from  the  use  of  magnetic  clutches  is  of  moment— for 
instance,  a  charge  of  only  ^d.  per  hour  for  current  is  to  be 
looked  at，  at  the  end  of  a  year,  and  is  the  interest  on  the  price 
of  a  very  large  clutcli. 

A  mechanical  setting  up  gear  takes  nothing  when  set  up, 
or,  at  least,  only  a  small  amount  for  wear  and  tear.  Clutches 
should  be  depreciated  at  a  greater  rate  than  ordinary  machine 
tools  ；  they  are  often  difficult  to  get  at,  and  get  attention 
only  when  they  won't  work. 

The  ideal  friction  clutch  should  be  a  combination  of  a 
friction  drive  and  a  positive  drive.  That  is,  a  friction  arrange- 
ment should  be  iised  for  starting  up,  when  that  is  i>i  gear  a 
positive  drive  should  come  in  operation  by  which  all  driving  is 
taken  off  the  frictional  portion.  The  clutcli,  however,  should 
bo  able  to  be  thrown  out  of  gear  with  the  same  ease  that  a 
friction  drive  can  be,  and  should  have  all  running  parts  with 
ample  clearance  when  ruiniiiig  out  of  gear.  A  little  considera- 
tion will  show  that  while  it  may  not  be  impossible,  it  will  be 
very  difficult  to  attain  for  this  reason.  When  the  positive 
portion  of  the  drive  is  thrown  into  gear,  it  will  be  this  portion 
that  will  be  doing  the  work,  and  when  that  is  so,  to  throw 
this  part  out  of  gear  creates  the  same  difficulty  that  there  is 
with  a  claw  coupling,  that  is,  the  difficulty  of  quickly  releasing 
it  while  undei'  the  pressure  of  the  drive.  Also  it  should 
always  be  in  perfect  balance,  no  projecting  parts,  lubricated 
so  as  not  to  give  trouble,  and  free  from  complications. 

Some  years  ago  a  clutch  was  put  on  the  market  which  was 
a  combination  of  a  friction  and  positive  drive,  but  the  author 
has  not  heard  of  it  for  some  time,  and  supposes  that  the  diffi- 
culty with  the  release  would  be  the  probable'  cause  of  the 
trouble.  The  use  of  separate  electric  motors  to  each  machine 
undoubtedly  will  affect  the  use  of  clutches,  but  even  these  are 
as  capable  of  giving  trouble  as  a  clutch. 

Ill  order  that  the  discussion  on  the  paper  may  run  in 
channels,  which,  in  the  author's  opinion,  may  lead  to  practical 
results,  he  suggests  that  the  following  points  might  receive 
the  most  attention  :  (1)  Tlie  best  means  of  lubrication  of  the 
clutch,  so  that  wear  on  the  biislies  may  be  kept  down  to  the 
lowest  point.  (2)  The  question  as  to  whether  results  justify 
the  extra  expenditure  on  clutches  without  a  moving  b^lt  as 
against  fast  and  loose  pulleys  with  a  moving  belt.  (3)  What 
is  tlie  reason  that  British  tool  makers  stick  to  the  fast  and 
loose  pulleys  as  against  the  use  of  clutches  on  their  macliinc 
countershafts  ？  (4)  Does  the  magnetic  clutcli,  as  far  as 
experience  goes,  justify  the  expeuditui'e  on  current  necessary 
to  keep  it  in  action  ？  (5)  Are  friction  surface's  of-  the  woven 
or  similar  type  better  than  metal  to  metal  surfaces  ？ 

Tlie  foregoing  indicate  a  broad  basis  upon  which  opinions 
may  be  expressed,  and  if  ineinbers  will  only  give  their  own 
experiences,  some  solid  good  may  accrue  from  the  discussion 
which  the  author  hopes  will  follow. 


HOW  TO  GATE  AND  HEAD  STEEL  CASTINGS  PROPERLY, 

in'  UAhiMI   I).   W  KST. 

Tm:  ecoiioiiiicul  and  practical  producl  ion  ol  si  eel  cjisl  in^'s 
("'piMids  largely  upon  \\w.  j)r(!|);ii'Mli(jn  I'l  1  he  inould  and  1  lie 
subsoqueiil  boliaviour  of  the  iiu^lai  during  t  lie  pmii.iiig  and 
freezing  periods.  In  order  thai  i\\v.  molten  steel  may  enter  lluj 
mould,  a  pouring  hole  or  gate  must,  he  provided,  so  t lial.  the 
Hiould  will  rereive  the  metal  as  rapidly  as  required,  according 
to  the  size  and  section  of  the  piece  being  made.  The  gate  also 
should  be  arranged  so  as  not  to  interfere  in  any  way  with  the 
])roduction  of  a  perfed,  casting. 

The  steel  ioiuidryrnan  inust  (k'termiiie  the  location  of  the 
gate  in  the  mould  l)y  his  knowledt^e  and  practical  experience, 
and  must  give  due  consideration  to  tlie  problem  of  shrinkage. 
Molten  steel  in  ])assii)g  from  the  liquid  to  the  solid  form  will 
shrink  from  in.  to  jiii.  per  foot  of  lengt  li.  Therefore,  prac- 
tically all  steel  castings  must  be  provided  with  some  form  of 
a  reservoir  to  feed  or  take  up  the  shrinkage  as  it  develops,  so 
as  to  form  a  solid  casting.  The  feeder  or  reservoir  is  cotn- 
monly  called  a  head.  Green  sand  has  a  natural  bond,  and 
presents  a  greater  chilling  action  to  the  liquid  steel  than  dry 
sand,  thus  requiring  in  most  cases  a  lesser  percentage  of  metal 
ill  the  head  to  feed  the  casting  or  to  offset  the  shrinkage.  It 
is  understood  that  a  dry-sand  mould  is  simply  a  green-sand 
mould  with  a  special  facing,  placed  in  an  oven  and  dried  or 
baked  so  as  to  eliminate  the  moisture,  thus  presenting  a  better 
surface  to  the  molten  steel  for  final  results.  The  shrinkage 
problem  varies  according  to  the  shape  and  form  of  the  casting 
as  well  as  according  to  its  sections. 

In  a  foundry  where  an  ordinary  steel  moulder  is  given  a 
pattern  with  simple  instructions  to  head  and  gate  the  casting, 
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111  the  letter  by  M r.  Andrew  Geinniell  oil  this  subject  appear- 
ing on  page  332  of  our  last  week's  issue,  the  word  "  buy  "  in 
the  last  line  but  two  of  the  third  paragraph  should  read 
" bring  in," 


considerable  trouble  is  experienced  due  to  defective  work.  He 
may  have  a  gate  at  hand  that  will  answer,  for  the  main  point 
of  importance  is  where  the  gate  or  its  extremity,  the  sprue, 
attaclies  to  the  casting.  This  point  can  be  properly  sized  and 
cut  with  the  moulder  s  tools,  while  the  upper  part  must  be 
large  enough  to  aclinit  the  steel  properly.  It  is  often  too- 
large,  resulting  in  considerable  loss  of  metal.  The  head  in 
many  cases  is  peculiar  to  the  pattern  at  hand,  and  to  obtain 
the  best  results  ought  to  be  cut  and  shaped  before  handing 
pattern  to  the  moulder. 

Ill  some  foundries  standard  gates  are  prepared  for  every 
job  that  may  come  up.  The  heading,  however,  is  left  open  to 
the  moulder.  This  method  of  procedure  is  not  always  prac- 
tical, but  when  it  can  be  followed  the  decrease  in  the  percen- 
tage of  bad  or  defective  work  will  soon  pay  the  expense  of 
such  a  department.  It  is  to  the  foundry  what  a  tool  room  or  jig 
department  is  to  the  machine  shop.  There  is  no  question  but 
that  ail  efficient  moulder  can  rapidly  improve  his  knowledge 
of  heading  and  gating  by  making  it  his  special  work,  thus 
relieving  tlie  foreman  of  this  important  duty-  This  gives  a 
tone  to  the  foundry  system  that  goes  a  long'  way  towards 
accuracy  and  the  repetition  of  good  results.  The  problem  of 
gating  and  heading  would  be  very  simple  if  all  castings  pre- 
sented regular  standard  forms,  but,  as  is  well  known,  the 
engineer  of  io-day  must  build  efficient  machines,  and  this 
involves  little  consideration  for  the  foundrynian.  It  is  his 
problem  alone  to  pro(iuce  solid,  perfect  castings  froiri  a  net- 
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work  of  confused  shapes  and  sections  run  together,  light  to 
heavy  and  curved  to  straight  and  at  any  angle.  A  number  of 
examples  of  practical  gating  methods  will  now  be  considered. 

The  casting  shown  in  Fig.  1  is  a  cylindrical  cast- 
ing which  is  to  be  finished  all  over.  The  top  under  the 
head  forms  a  cut  piuion,  the  bottom  plate  of  the 
casting  being  a  friction  surface  for  a  brake.  The 
form  of  the  casting  is  simple,  but  as  a  perfect,  solid  job  must 
be  obtained,  it  is  preferable  to  cast  it  on  end  with 
a  large  head  on  top.  The  gate  or  sprue  must  be  run  to  the 
bottom  of  the  mould  so  as  to  give  clean  steel  in  the  finished 
job.  Two  practical  points  must  be  observed  in  forming  the 
mould.  First,  in  cutting  the  sprue,  the  area  of  the  cross- 
section  at  XX  must  be  made  smaller  than  the  cross-section  of 
the  casting,  otherwise  when  the  gate  freezes  it  will  pull  a  piece 


Fig.  3. 

out  of  the  casting  at  the  joint.  Secondly,  the  moulder  must 
be  careful  to  remove  the  sand  around  the  head  before  the 
setting  sets,  so  as  to  avoid  a  check  or  crack  in  the  main  body. 
One  way  to  avoid  such  losses  is  to  place  a  chill  ring  around  the 
pattern  at  the  point  shown.  This  method  will  answer  in  some 
cases,  but  not  in  all.  The  casting  illustrated  being  heavy  at 
the  bottom  will  require  feeding,  therefore  placing  a  chill  at 
the  middle  would  not  allow  the  head  to  feed  the  bottom.  This 
would  leave  shrinkage  in  the  lower  end.  If  the  middle  section 
of  such  a  casting  is  too  light  to  feed  the  bottom,  the  foundry- 
man  must  use  his  judgment  in  regard  to  using  two  large  heads, 
one  on  each  end.  In  reply  to  three  letters  of  enquiry,  two 
foundrymen  outlined  methods  of  casting  on  end,  as  described, 
and  a  third  suggested  that  the  pattern  be  placed  in  a  hori- 
zontal position,  with  a  head  at  either  end. 

Fig.  2  shows  a  standard  form  of  circular  shell  casting,  in 
this  case  designed  for  a  magnet  frame.  Experience  has  taught 
that  it  is  advisable  to  cast,  as  illustrated,  with  three  or  four 
heads  on  the  rim,  according  to  the  section  of  the  casting,  and 
to  gate  between  the  feet  with  a  bottom  gate.  The  main  points 
to  be  considered  about  such  castings  are,  first,  to  properly  feed 
the  heavy  sections  called  pole  pieces,  and,  second,  to  gate  so  as 
to  distribute  the  metal  as  evenly  as  possible  around  the  circle. 
The  poles,  if  concealed  below  the  top  section,  will  have  to  be 


chilled  either  by  nailing  or  placing  iron  chills  in  the  rear  of 
the  mould,  held  in  place  in  the  sand  form. 

The  gate  should  be  located  as  near  the  bottom  as  possible 
and  so  directed  as  not  to  cut  or  wash  the  inner  surface  of  the 
core  when  entering  the  mould.  Also,  caution  is  necessary  at 
the  jjoint  of  connection  marked  XX,  as  outlined  in  the  discus- 
sion of  Fig.  1.  Particular  attention  is  necessary  in  all  circular 
forms  to  relieve  the  casting  of  strains,  by  digging  out  the 
centre  core  as  soon  as  the  meta】  is  set.  Some  foundrymen 
pour  water  into  the  centre  of  large  cores  to  soften  them  at 
once.    This  is  known  as  a  water  gate. 

Fig.  3  illustrates  a  light  shell  casting  having  extensions  in 


the  form  of  legs  terminating  in  bosses.  They  must  be  fed  so 
as  to  avoid  shrinkage  spots.  It  is  possible,  when  casting  such 
light  sections,  to  omit  the  necessary  heads,  providing  simply 
a  gate  or  entrance  for  steel  at  one  end  and  an  outlet  or  relief 
at  the  other  end.  The  main  point  in  such  a  casting  is  to  core 
it  so  as  to  give  a  clean  casting  and  to  avoid  stresses  when  the 
metal  shrinks. 

Fig.  4  shows  a  gear  blank,  a  casting  common  to  all  foun- 
dries. It  must  be  clean  and  solid  with  no  dirt  or  shrinkage. 
At  the  plant  of  the  West  Steel  Casting  Company  a  system  of 
casting  all  gears  on  end,  even  as  large  as  4ft.  diam"  has  been 
established.  The  sketch  clearly  illustrates  the  method  of 
moulding  which  gives  a  clean,  solid  job.  In  the  heading  and 
gating  of  such  a  casting,  cast  on  end,  the  shrinkage  is  trouble- 
some and  it  is  necessary  to  distribute  the  metal  evenly  so  as  to 
avoid  all  hot  spots,  causing  checks.  In  comparison  with  this 
method  consider  a  gear  cast  flat  with  the  four  or  five  heads 
necessary  to  feed  it.  What  steel  foundry  can  make  a  profit 
out  of  such  waste  of  metal  in  heads  or  risers  ？  Undoubtedly, 
the  heads  weigh  twice  as  much  as  the  casting.  Communica- 
tions received  from  three  foundries,  however,  were  two  to  one 
ill  favour  of  casting  flat. 

Fig.  5  shows  a  common  form  of  lever  or  bracket  casting  hav- 
ing a  curved  section  with  holding  lugs.  Such  castings  usually  re- 
quire caution  in  gating  only  so  as  to  avoid  checking  when  the 
metal  shrinks.  The  heavier  section  or  connection  must  be  chilled 
and  the  ends  relieved  with  pop  heads,  or  whistles,  simply  to 
allow  the  gases  to  escape  quickly.  Figs.  6  and  7  show  two 
methods  of  casting  common  bull  pinions.  The  method  shown 
ill  Fig.  6  is  preferable  as  it  gives  a  clean  casting  when 
machined.  It  is  easy  to  mould  with  a  minimum  of  labour  and 
weight  of  metal  in  the  heads  necessary  to  feed  the  casting 
solid.    The  method  shown  in  Fig.  7  not  only  requires  more 
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labour  to  form  the  casting,  but  requires  greater  skill  to 
produce  a  clean  casting  when  finished. 

Figs.  8  and  9  show  two  methods  of  heading  -  and  gating 
what  is  known  as  a  double  gear.  This  form  of  casting  is  very 
troublesome,  as  success  in  one  part  is  at  a  sacrifice  in  the 
other.  Experience  has  taught  that  the  best  results  are 
obtained  by  the  method  shown  in  Fig.  8.  This  is  equivalent 
to  moulding  two  independent  gears,  each  being  provided  with 
feeding  and  cleaning  head.  With  the  method  illustrated  in 
Fig.  9  trouble  will  be  experienced  on  account  of  shrinkage  and 
dirt  in  some  parts  of  the  cut  gears.  The  smaller  amount  of 
metal  in  the  heads  is  a  deciding  point  to  the  foundry  in  favour 
of  the  method  shown  in  Fig.  8. 

Fig.  10  represents  a  common  form  of  casting  having  a 
bearing  section  connecting  a  ribbed  or  boxed  section.  It  is 
often  difficult  to  produce  a  casting  which  is  solid  at  the  base 
of  the  shoulder  marked  BB.  If  the  section  of  BB  is  not  large 
enough  to  feed  the  lower  body,  the  foundrymaii  must  not 
hesitate  to  notify  the  engineer  of  the  necessary  stock  required 
to  make  a  solid  casting,  and  to  mould  accordingly.  Some 
foundrymen  place  chills  around  the  shoulder  BB，  but  this 
practice  does  not  allow  the  heads  to  feed  metal  under  the  chill, 
and  therefore  results  possibly  in  a  weak  finished  casting. 

Figs.  11  and  12  present  two  methods  of  casting  heavy 
bodies  in  moulds  so  as  to  eliminate  shrinkage  as  much  as 
possible.  This  refers  to  dry-sand  moulds  where  the  castings 
are  finished  all  over.  Fig.  11  shows  a  casting  setting  on  a 
chill.  It  is  gated  at  the  top,  the  metal  falling  on  the  chill. 
This  method  allows  the  hot  metal  to  flow  directly  into  the 
head,  requiring  only  a  small  amount  of  steel,  possibly  20  per 
cent.,  to  feed  a  solid  casting.  Fig.  12  shows  a  common  method 
of  moulding  such  a  casting,  with  a  bottom  gate  and  a  large 
head  on  top.    Steel  foundrymen  all  know  that  to  get  a  solid 
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casting  by  such  plain  methods  ro(]uires  ai  least  as  iiiucli  weight 
ill  (he  heads  as  in  castings. 

Fig,  13  illustrates  a  staiului'd  collar  or  sleeve,  a  troiil)Icv 
some  casting,  used  by  many  autoinobile  builders.  The  shoulder 
nuirkod  '  cliill  ''  has  no  direct'  way  of  feeding  the  metal  above 
and  at  each  end,  being  too  ligl!t  in  section  to  feed  the  inside 
section.  It  therefore  becomes  necessary  for  tlie  steel  foundry- 
man  to  use  his  best  knowledge,  and  set  all  the  metal  evenly  by 
placing  chills  at  the  under  section,  as  shown.  Solid,  perfect 
steel  castings  are  often  produced  by  pouring  the  metal  slowly, 
being  sure  that  enough  steel  passes  tlii'ough  the  mould  and 
into  the  head,  the  casting  setting  as  the  pouring  finishes. 

A  method  used  in  some  found ries  for  moulding  and  pour- 
ing small  castings  is  called  multiple  or  stack  moulding.  The 
gate  enters  the  mould  on  the  side,  allowing  the  gases  or  riser 
to  ilow  ofT  at  the  opposite  side.  This  system  is  troublesome, 
especially  when  only  one  gate  is  used,  as  the  confined  gases  will 
not  allow  the  steel  to  fill  the  bottom  moulds. 

There  are  many  more  forms  of  castings  which  might  be 
described,  but  the  foregoing  will  offer  sufficient  points  for 
consideration.  To-day  steel  foundrymen  are  more  or  less 
ignorant  of  their  associates'  practices.  The  gate  must  be 
opened  up  in  order  to  obtain  more  knowledge.  This  know- 
ledge will  lead  foundrymen  on  to  leani  more,  and  through 
learning  they  can  obtain  some  wisdom.  Thus  a  theory  in  rela- 
tion to  practice  will  be  developed. 


APPLIANCES  FOR  HANDLING  MATERIAL  AT  PORTS.* 

BY  SIR  JOHN  PURSER  GRIFFITH,   M.A.I.，   M.INST.CE.  ' 

My  colleagues  on  the  Council  have  done  me  the  signal  honour  of 
asking  me  to  deliver  the  twenty-fourth  "  James  Forrest  Lecture," 
and  have  selected  as  the  subject  "  The  Development  of  Appliances 
for  Handling  Raw  Materials  and  Merchandise  at  Ports  and  other 
large  Centres  of  Traffic."  I  have  accepted  the  responsibility  as  an 
act  of  homage  and  affectionate  regard  for  Mr.  James  Forrest, 
whom  so  many  of  the  old  members  of  the  Institution  regard  with 
personal  friendship,  and  who  has  said  that  "  the  chief  happiness  of 
his  life  has  been  to  witness  the  prosperity  and  usefulness  of  the 
Institution." 

As  my  life  has  been  spent  in  close  association  with  harbour  and 
port  engineering,  I  have  been  brought  face  to  face  with  problems 
closely  associated  with  the  import  and  export  trade  of  our  country. 
If  I  therefore  dwell  specially  on  the  handling  of  materials  and 
merchandise  in  ports,  and  appear  to  overlook  many  of  the  similar 
problems  associated  with  the  internal  trade  and  economy  of  our 
land,  I  trust  charitable  criticism  will  be  extended  to  me.  The 
subject  chosen  by  the  Council  is  one  of  great  and  increasing 
importance  ；  but  it  covers  a  、Yorld- wide  field.  It  is  obviously 
impossible  to  treat  it  in  detail  within  the  limits  of  a  lecture.  The 
numberless  appliances  and  the  various  conditions  to  be  dealt  with 
would  provide  materials  for  many  such  lectures.  I  need  only 
mention  such  books  as  "  The  Mechanical  Handling  and  Storing 
of  Material,"  by  Mr.  George  Frederick  Zimmei'  ；  "  Cranes/'  by 
Anton  Bottcher,  translated  by  A.  Tolhausen  ；  and  the  classical 
work  of  Prof.  Adolf  Ernst,  of  Stuttgart,  entitled  "Die  Hebe- 
zeuge,"  to  show  the  extent  of  the  subject,  and  how  much  thought 
has  been  given,  hoth  at  home  and  abroad,  to  the  design  and  con- 
struction of  such  appliances.  All  that  I  can  do  in  the  short  time 
at  my  disposal  is  to  bring  under  your  notice  the  objects  aimed  at 
by  the  development  of  such  appliances,  and  what  I  believe  to  be 
the  economic  advantages  gained  by  their  use.  I  also  propose  to 
touch  on  some  striking  examples,  and  finally  to  sul)init  for  your 
consideration  a,  plea  for  their  extended  use  on  the  ground  of  the 
benefit  they  are  capable  of  conferring  upon  mankind. 

The  Object  of  Appliances  for  Handling  Material, ― What,  then, 
do  we  aim  at  by  the  introduction  of  appliances  for  handling  raw 
materials  and  merchandise  at  our  ports  ？  I  think  it  is  a  fair 
answer  to  say  that  it  is  to  reduce  the  cost  of  raw  materials  and  the 
finished  article  to  the  consumer.  Reduction  in  the  cost  of  trans- 
port between  the  source  of  supply  and  the  manufacturer  or 
consumer  is  the  primary  object  of  such  appliances.  Quick  loading 
and  discharge  of  vessels  is  an  important  factor  in  freight  charges. 
The  ship  represents  capital  invested,  and  has  to  earn  sufficient 
in  freight  to  cover  interest  on  capital,  sinking  fund,  or  deprecia- 
tion, working  and  maintenance  expenses,  including  port  charges. 

*  Tho  "  James  Forrest  *'  Lecture,   191(^，  delivered  before  tlic   Institution  of  Civil 


l~)r  oach  part  icuhir  Hhip  this  (； an  lie  ri-prcHcntcd  hy  a  daily  charge, 
juul  is  so  iv|"vs(>t 山 '(1  in  cliiirlcrinn;  u  -sliip  hy  the  charge  per  day  for 
(Icmm'm.;"',  to  cover  (h^lays  in  port  by  tlio  mm'li;mt,  or  coriHif^nc*', 
hcymul  tli《>  period  iill(>w(»(l  in  the  charter  lor  the  (Jiwc'harge  of  the 
vessel .  It  is  obvious  thai  llie  port  which  gives  v ('騰 b  the  moHt 
ni|)id  dispatch  will  Ixtouh'  (especially  popular  with  the  Hhipowner, 
and  fav()unil)ly  influence  freights  to  that  particular  port. 

The  late  Sir  William  White,  at  tlio  Engineering  ConlVrcnco  in 
1!)07，  made  the  following  striking  roniark.s  :  "  Ah  a  lookcr-oii  it 
has  1)(HM  obvious  to  m(»  for  many  years  that  greater  rapidity  in 
dealing  with  cargoes  must  he  the  essence  of  huccoss  in  conuncrcial 
operations.  It  was  also  shown  by  Dr.  Inj^lis  many  years  ago—  on 
the  basis  of  iiifornu'.tion  supplied  by  shipowners —- that  one  con- 
trolling condition  in  the  profitable  runjiirig  of  cargo  steamers  is  the 
time  they  remain  in  port  for  the  purpose  of  shippinii  or  discharging 
cargoes,  during  which  time  freight  earning  must  be  interrupted." 

The  Influence  of  liapid  Discharge  on  Port  Charges. —— 1  he  rapid 
clearance  of  ships  in  our  ports  is  a  matter  of  vital  importance  from 
the  port  point  of  view.  The  quay  walls  of  a  port  are  in  general 
the  most  costly  item  of  port  equipment.  The  earning  power  of 
the  port  may,  with  advantage,  be  referred  to  the  income  derived 
per  lineal  foot  of  quay,  and  the  cost  of  the  port  may  be  referred 
to  the  same  unit. 

The  cost  of  the  port  per  lineal  foot  of  quay  will  include  the 
capital  expenditure  on  the  quay  walls,  docks,  roads,  tramways, 
sheds,  power  and  lighting  appliances,  and  the  outstanding  capital 
cost  for  the  dredging,  lighting,  and  buoying  of  the  harbour.  Ihese 
represent  a  capital  sum  on  which  there  is  an  annual  charge  for 
interest  and  sinking  fund.  To  this  must  be  added  the  annual 
expenditure  on  the  maintenance  and  working  expenses  of  the 
port,  together  with  establishment  charges.  If  the  aggregate  sum 
representing  these  annual  charges  be  divided  by  the  length  in 
feet  of  the  quay  berths,  we  arrive  at  the  annual  expenditure  on  the 
port  per  lineal  foot  of  berthage.  In  a  similar  way,  if  we  find  out 
what  the  annual  income  of  the  port  amounts  to  from  dues  on 
shipping  and  goods,  rents  and  other  charges,  and  divide  the  sum 
total  by  the  length  of  quay  berthed  in  feet,  we  arrive  at  the 
earning  power  of  the  port  per  lineal  foot  of  berthage.  We  are  now 
in  a  position  to  say  whether  the  port  as  a  whole  is  solvent,  or 
whether  the  port  charges  are  sufficient  or  excessive.  We  arrive,  in 
fact,  at  what  the  average  earning  power  of  each  foot  of  quay 
should  be. 

In  a  detailed  examination  of  different  ])ort:ons  of  the  berthage 
on  these  lines  it  will  be  found  that  some  quays  pay  much  better 
than  others  ；  that,  in  fact,  some  quays  are  much  more  efficiently 
worked  than  other  portions.  It  will  generally  be  found  that 
berths  appropriated  to  fixed  and  regular  trades  yield  a  higher 
return  than  the  open  berths  devoted  to  the  general  trade  of  the 
port.  This  naturally  follows,  because  berthage  is  not  appro- 
priated to  a  particular  trade  unless  that  trade  is  regular  and  of 
sufficient  volume  to  warrant  an  appropriation.  This  all  points  to 
the  necessity  of  insisting  on  rapid  discharge  and  clearance  of  ships 
at  these  open  quays.  From  the  annual  expenditure  per  lineal 
foot  and  the  income  per  lineal  foot  of  quay,  we  can  at  once  put  our 
finger  on  the  weak  spot  and  say  that  such  and  such  a  quay  must  be 
worked  at  greater  pressure.  The  importance  of  appliances  for 
handling  raw  materials  and  merchandise  immediately  becomes 
evident.  It  is  only  by  such  appliances  that  you  can  ensure  the 
rapid  discharge  of  the  ship,  make  your  port  financially  sound, 
keep  down  port  charges,  and  thus  make  your  port  attractive  to 
both  shipowners  and  traders. 

Ships  Own  Appliance's  for  Handlii/g  Cargoes. ― It  is  impossible 
when  dealing  with  the  subject  of  this  lecture  to  omit  all  reference 
to  such  appliances  as  are  fitted  on  vessels  in  certain  trades  for 
handling  cargoes  both  for  loading  and  discharging  with  the  ship's 
own  gear.  From  very  early  days  the  winch  worked  by  hand  was 
in  use  on  sailing  vessels  for  raising  cargoes  from  the  holds.  With 
the  advent  of  steamers,  the  hand  winch  was  replaced  by  the  steam 
winch,  worked  from  the  ship's  main  boilers,  or  from  an  auxiliary 
boiler.  This  arrangement  is  still  in  general  use.  Steamers  in  the 
oversea  trade  frequently  call  at  ports  where  there  are  no  shipping 
quays,  and  the  cargoes  are  loaded  from  or  discharged  into  lighters 
or  other  vessels  over  the  side.  To  meet  this,  and  also  to  accelerate 
the  speed  of  loading  or  discharge,  derricks  have  been  attached 
to  tlie  ship's  masts,  and  even  special  derrick  posts  have  been 
fitted.  By  this  means  derricks  worked  by  steam  winches  com- 
mand the  vessel's  hatchways,  and  also  lighters  or  vessels  along- 
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side.  Cases  exist  of  vessels  in  whicli  the  ordinary  masts  have 
beeu  dispensed  \\ itli,  and  only  derrick  posts  fitted  ；  and  iiistuiiccs 
have  been  quoted  in  Avhich  a  vessel  so  fittod,  carrying  over  10,000 
tons  of  ore,  has  been  discharged  at  the  rate  of  300  tons  ]>er  hour. 
Where  a  vessel  is  engagod  in  a  regiiki'  trade  between  fixed  ports 
to  whicli  regular  l)erthage  is  appmpriiited  elaborate  appliances 
on  the  ship  for  di.scliarginjj  and  handling  cargo  are  necessary.  It 
is  more  economical  in  such  cases  to  have  the  appliances  ashore 
where  they  can  be  kept  constantly  at  work.  Cargo-handling 
])lant  on  the  ship  is.  of  course,  only  used  when  the  vessel  is  in 
port,  and  1  ies  idlo  during  the  voyage,  and  for  this  reason  is  not  as 
oconoiiiical  a's  shore  plant. 

There  are,  liowever,  some  large  ports,  such  as  Hamburg  and 
Rotterdam,  on  great  inland  waterways,  serving  an  inimensc 
liinterland,  、vlim>  ships  discharge  ])ortions  of  their  cargoes  on.  to 
the  quays,  and  portions  into  the  h uge  river  barges  found  on  the 
rivers  Elbe  and  Rhine.  Steamers  trading  to  these  ports  arc, 
therefore,  equipped  with  their  own  cargo-handling  plant.  It 
would  appear  that  this  ship  equipment  has  had  a  deterrent  effect 
oil  tho  proper  equipment  of  ports.  Shipowners  having  their  own 
appliances  have  declined  to  make  concessions  in  freight  to  ports 
which  possess  their  own  equipment.  Merchants  have  declined  to 
pay  for  harbour  equipment  when  tlie  shipowner's  contract  covers 
hoisting  the  cargo  out  of  the  hold  and  placing  it  on  the  ship\s  rail. 
So  well  equipped  were  the  steamers  of  the  Haiuburg-Amorican 
line,  trading  between  Hamburg  and  Boston,  that  the  steamship 
company  advised  the  Boston  port  authorities  that  it  did  not 
desire  a  permanent  handling  eqiiipinent  established  in  the  ])ort. 
It  would  a])])eai'  that  the  German  Coin])aiiy,  with  its  up-to-date 
whip  e(|ui[)iuent,  hoped  to  be  able  to  capture  the  trade  of  Boston 
by  embarrassing  its  competitors,  who  might  depend  more  upon 
port  equipment  .sui)pliod  by  the  local  authorities. 

Our  portal  authorities  have  been  slow  in  realising  the  import- 
ance of  rapid  dispatch  in  loading  and  clearing  ships  frequenting 
their  ports.  They  have  frequently  checked  the  extension  of  port 
eqiii])nicnt  by  excessive  charges,  forgetting  that  it  is  not  so  much 
making  a  profit  out  of  such  appliances  which  should  he  soujjjlit  as 
making  the  ])ort  as  a  whole  more  efficient  and  economical.  Shore 
cq uipnieiit  is  essential  for  the  handlijig  of  】iuiterials  on  shore,  and 
for  liastening  the  clearing  of  wharves  and  sheds.  This  is  as 
essential  as  the  discharging  of  the  vessel,  for  if  the  landed  cargoes 
are  not  removed  rapidly  the  discharge  of  vessels  is  delayed  for 
want  of  quay  space  upon  which  to  land  the  cargoes.  The  con- 
gestion of  our  ports  from  which  the  nation  has  suffered  during  the 
present  war  has  been  largely  due  t(，  iinporfect  facilitie.s  for  handling 
the  goods  when  landed. 

My  attention  was  drawn  to  the  ini])ortance  of  port  e([iiij»niciit 
for  handling  cargoes  more  than  40  years  ago  in  a  curious  way. 
The  late  Herr  Dahnann,  the  chief  engineer  of  the  port  of  Hamburg, 
visitod  Dublin  in  the  early  seventies  to  see  the  operations  of 
lmiklh】g，  lifting,  and  laying  the  great  masonry  blocks  of  360  tons 
which  the  late  Ur.  Bindon  Blood  Stoney  used  in  the  extension  of 
the  quays  of  Dublin  harbour.  HeiT  Dalnianii  at  the  close  of  his 
visit  invited  nic  to  Hamburg,  and  anioiigst  other  attractions 
】iR»ntiomid  that  a  greater  tonnage  of  wliipping  was  accoiiimodatod 
ill  Hamburg  ])er  lineal  foot  of  quay  than  in  any  English  port. 
My  curiosity  was  excited,  and  I  determined  to  see  how  this  was 
iiccouiplislicd.  Its  importance  was  brought  homo  to  inc,  as  I 
knew  that  at  the  time  the  costly  deep -、 vatcr  l)erth.s  in  Dublin  were 
the  least  remunerative  quays  in  the  port.  -  The  result  of  my  visit 
was  to  show  inc  that  the  equipment  of  the  Hamburg  quays  with 
cranes  had  carried  out  to  an  extent  quite  unknown  in 

]Cnglaiid  and  our  British  ports,  and  arraiigements  as  regards 
charges  lor  their  use  were  adopted  which  made  it  advantageous  for 
the  trader  to  us(»  thrni.  The  result  was  that  vessels  wm'  dis- 
char<i('(l  and  loaded  rapidly,  and  the  costly  quays  worked 
I'flicicjitly.  As  n';^ai'(Ls  the  devdopnicnt  in  the  handling  of  mw 
iiiiitcrials  and  incrcliaiidise,  my  cxjx'ricnce  in  the  port  of  Dublin, 
oxtiMidinii  over  a  period  of  nearly  50  years,  covers  the  period  of 
change  from  ])iirely  manual  labour  in  tlie  discharge  and  loading  of 
vessels,  to  the  use  of  machinery  and  iiu^cluiiucal  appliances  on  a 
vol  V  considerable  scale. 

I  now  propose  to  t^iw  sonic  instances  of  a|)|;lianc('S  lor  liaiuUiii^" 
coal,  (m'，  ； jjniiu.  oil,  tiinbcr,  heavy  iiuicliiiHTV  such  as  engiiios  and 
1)0! lens,  general  iticrcJiaiKlisc,  and  paclml  floods.  Tliese  have  boon 
selected,  not  witii  the  intention  of  .suggesting  that  they  arc  buitahle 
for  genornl  a|)plif'(ati(m,   but  as  striking'  oxani]»le.s  of  special 


ai)|)li;ui(.H\s  for  particular  ])uv|)()se8,  whicli  may  prove  an  incentive 
to  th'?  extension  of  inochaiiical  appliances  for  handling  I'aw 
iiiat(*ria!s  and  mcrcliandiso  in  our  ])orts  and  centres  of  traffic. 

(、>(fl  HandliiUj. ― In  the  year  1869,  when  I  first  became  coii- 
iK'cted  with  the  Engineering  Depai'tim'nt  of  the  Poi't'  of  Dublin, 
all  coal  entering  the  port  was  carried  in  sailing  vessels,  of  wliich 
the  Wliitehaven  brig  was  the  typical  example.  With  a  favourable 
■wind  these  vessels  entered  and  left  the  port  in  fleets,  with  the 
result  that  the  coal  supply  of  the  city  fluctuated  within  wide 
limits,  and  prices  varied  accordingly.  These  vessels  were  prac- 
tically the  coal  stores  of  the  city,  lying  in  the  port  for  weeks.  The 
coal  was  raised  from  the  ship's  hold  in  wooden  tubs  by  a  hand 
wiiK'li  worked  by  a  couple  of  the  crew.  The  coal  was  filled  into 
sacks,  weighed  on  a  scale  fixed  on  the  ship's  deck.  It  was  then 
carried  ashore  on  men's  backs  to  carts  for  distribution  to  the 
customers.  The  price  of  coal  was  exhibited  on  a  board  at  ' the 
ship's  gangway.  Even  for  the  gas  supply  of  the  city  coal  was 
handled  in  the  same  way,  and  large  storage  had  to  bo  provided  at 
the  gasworks  to  meet  the  uncertain  supply  due  to  weather  con- 
ditions. Many  serious  fires  occurred  in  these  large  coal  stores  due 
to  heating  of  the  coal. 

Wliat  a  change  has  cume  over  the  scene  ！  The  sailing  collier 
has  disappeared  and  been  replaced  by  steam  colliers,  which  arrive 
in  |)ort  in  the  morning  and  leave  the  next  evening.  These  vessels 
sail  with  clock-like  regularity,  and  are  designed  to  carry  the 
maximum  of  coal  in  vessels  of  suitable  size  and  draught  for  the 
particular  coal  port  with  which  they  trade,  and  they  are  engined 
foi*  s}>eeds  necessary  to  meet  the  tidal  conditions  of  these  ports. 
The  inock'rn  collier  is  designed  with  large  hatchways  to  facilitate 
the  loading  and  discharging  of  coal  and  to  reduce  trimming. 

Coal-loading  Appliance.'^. ― In  the  matter  of  loading  coal  into 
ships  at  the  coal  ports,  there  has  perhaps  been  less  change  in 
principle  than  in  the  discharge  of  cargoes.  We  find  the  coal  staith 
in  use  in  the  river  Tyne  at  a  very  early  date.  The  object  was  to 
bring  the  loaded  colliery  wagons  into  such  a  position  that  the  coal 
could  be  discharged  by  gravity  and  carried  direct  into  the  holds  of 
vessels.  The  modern  staith  is  merely  a  development  of  this  idea, 
and  is  so  designed  as  to  allow  trains  of  coal  wagons  to  discharge  in 
quick  succession.  In  sonic  cases  the  wagons  are  run  up  on  high 
staging  couiniandiiig  the  coal  shoots  ；  in  other  cases  the  wagons 
loaded  with  coal  are  raised  vertically  to  the  necessary  height  for 
tipping,  while  in  some  recent  instances  the  coal  wagons  discharge 
into  a  coal  hopper  below  the  ground  level  from  whence  the  coal 
is  delivered  by  elevators  into  the  ship's  hatches. 

The  only  examples  of  American  coal-loading  appliances  wliich 
I  propose  referring  to  arc  the  coal  lioi.sts  at  Toledo,  Ohio,  con- 
structed by  the  Brown  Hoisting  Machim'i'y  Company,  of  Cleve- 
land, Ohio.  These  hoists  arc  designed  to  raise  and  dump  cars 
containing  100  tons  of  coal,  and  records  show  that  each  machine 
will  handle  from  40  to  50  cars  per  hour.  The  car  is  pushed  into 
the  cradle  by  the  "  Ground  Hog."  It  is  clamped  on  the  cradle, 
and  as  the  cradle  is  hoisted  the  wagon  is  turned  over  through  an 
angle  of  160。  and  emptied.  Trimming  of  coal  in  the  holds  of  the 
priinitive  colliers  was  a  costly  operation;  but  this  has  been 
reduced  to  a  mininium  in  tlic  modern  steam  collier,  with  its  large 
hatchways  and  capacious  and  unobstructt'd  holds.  This  not  only 
facilitates  loading,  but  also  discharge,  ])ennittiiig  of  the  discharge 
by  nu'chanical  means. 

(^oal-dischanfinfj  Applimices. —— Tlic  discharging  of  coal  from 
the  ship  is  still,  it  may  be  said,  in  a  transition  state.  Although  the 
methods  described  of  discharging  the  old-sailing  collier  in  Dublin 
are  out  of  date,  yet  a  considerable  quantity  of  coal  is  excavated 
in  the  holds  by  zii.anual  labour,  and  the  buckets  or  skips  are  filled 
by  the  same  men.  The  bucket  carrying  from  29  cwt.  to  30  cwt.  of 
coal  is  then  hoisted  either  by  the  -ship's  own  tackle  or  by  cranes 
oM  the  quays.  Considerable  advances  have  been  made  in  the  use 
of  ^rabs  or  excavators  to  dig  the  coal  out  of  the  ship's  holds,  and 
reduce  iiianual  labour  to  a  miniinuiii. 

Coal  HarnUiiKi  ami  Water  Carriaye  of  Coal  on  the  Aire  and 
Caldcr  Navigadov.- ~ One  of  the  most  .striking  systems  of  the 
handling  of  coal  from  the  colliery  to  the  coast  for  shipment  is  that) 
devised  and  carried  out  by  Mr.  William  Haniond  Bartholomew, 
Inst.C.E..  on  the  Aire  and  Calder  Navigation.  It  is  jjrobably 
the  most  successful  case  of  inland  navigation  in  England  at  the 
present  time.  This  luxvigatioii  forms  an  iinportaiit  section  of  the 
waterways  coiniectiiig  tlie  ports  on  the  Mersey  with  those  on  the 
Uuse  und  Hiunbcr  on  the  east  coast,  and  passes  the  coalfields  of 
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Wost  Voi'ksliirc,  and  is  coiUK^clod  hy  w;i"t  wil li  t ho  coiiHn'M  <>l 
- South  Yorkshire.  Tli(、  port'  of  (ioolo  (m  th(、  river  (hiso  is  tlic 
castoni  tonnimis  of  this  navigation,  tho  wat(、i'、vay  of  which  luis 
Ihhm)  grcHtly  iin])n)Vod  and  adapiod  to  mccliaiural  haulage.  'I 
principal  locks  liavo  hron  oiilargod  to  4()0ft.  in  length,  22ft.  in 
width,  and  with  Mft .  of  wator  over  the  gate  sills,  wliilc  tho  、、- ater- 
way  has  a  minimum  sectional  aroa  of  457  square  iVct. 

Tlic  im|、rovnm、nt'  of  t\\o  waterway  has  ullowod  ol"  t'lio  coiii- 
|tiut inont  boat  system,  which  has  Imhmi  dosi^iu^d  l>y  Mr.  Hariholo- 
nww  (v»|)t*('ially  for  the  carriagt*  uiul  shipm(、nt,  of  coal  and  otluM' 
minerals,  l^ach  coinpartinont  forms  a  m'taiigiilar  Imat,  and 
ciirrios  40  ttJius  of  coal.  Th(、  conipartnieiits  arc  coiiplod  t(>g(、tli(T 
and  formed  into  a  train  consisting  of  a  tug  and  20  or  30  conipait- 
nioiits  and  carrying  from  800  tons  to  1,200  tons  of  coal.  Each 
train  is  worked  by  four  men.  The  several  compartments  arc 
loiidod  at  tho  colliery  staiths,  and  on  arrival  at  Goolc  arc  floated 
into  the  cradlos  of  powerful  hydraulic  hoists,  in  which  they  are 
s(^curod,  raised  to  the  required  height,  and  tipped  over,  discharging 
ttuMi"  contents  into  shoots  and  thence  into  the  ship  at  tlio  rate  of 
from  200  tons  to  300  tons  per  hour,  according  to  the  suitability 
of  the  ship  to  receive  such  cargo.  The  system  has  the  further  " 
advantage  of  enabling  the  compartments  to  be  taken  out  of  the 
water  on  railway  trucks  specially  designed  for  the  purpose,  and 
transported  upon  them  over  the  colliery  railways  to  be  loaded  at 
the  pit  head,  and  returned  loaded  by  the  same  means  to  the 
waterway.  In  the  case  of  one  colliery  about  1|  miles  from  the 
waterway,  compartments  are  transported  over  gradients  of  1  in  27. 

Comparing  the  compartment  system  of  conveyance  with  that 
of  ordinary  barges,  it  would  need  eight  or  12  of  the  latter  of 
ion  tons  each  to  convey  the  equivalent  of  the  compartment  trains 
under  consideration,  and  would  require  16  or  24  men  to  work  tho 
barges,  and  eight  to 】2  horses  to  haul  them,  whilst  the  time 
required  for  transhipment  from  ordinary  barges  and  the  cost 
involved  make  such  an  operation  practically  prohibitive.  It  is 
worthy  of  note  that  this  navi_o;ation  is  in  close  touch  and  com- 
petition with  the  North-eastern  Railway,  the  Lancashire  and 
Yorkshire  Railway,  the  PIull  and  Barnsley  Railway,  the  Great 
Central  Railway,  and  tho  Great  Nurtlicni  Railway. 
.  (To  he  rontivvcd.) 


HEAVY-OIL  ENGINES.* 

BY  S.  B.  DAUGHEKTY. 

In  a  consideration  of  the  oil  engine,  the  questions  at  once 
arise  :  What  kind  of  oil  is  suitable  ？  Are  supplies  of  fuel  avail- 
able in  sufficient  quantities  in  various  parts  of  the  country  ？ 
Will  the  probable  production  of  oil  in  years  to  come  be  equal 
to  the  demand  ？  To  answer  the  first  question  requires  a  word 
of  explanation  as  to  the  types  of  oil  engines.  Broadly,  there 
are  two ― the  low-compression  engine,  wherein  ignition  is 
effected  by  the  injection  of  the  oil  spray  against  a  lieated  sur- 
face, or  even  by  an  electric  igniter,  as  in  gas  engines  ；  and  the 
high- compression  or  Diesel  type,  with  ignition  from  the  heat, 
of  compression  of  the  air  charge.  The  low-compression  engines 
are  the  simpler  and  cheaper,  but,  on  the  other  hand,  suitable 
fuels  for  use  in  them  are  fewer  and  higher-priced,  and  the 
thermal  efficiency  is  less.  These  limitations  tend  to  restrict 
the  use  of  low-compression  engines  to  smaller  installations. 
Suitable  oils  are  kerosene,  the  lighter  distillates,  and  light 
crude  oils. 

The  high-compression  or  Diesel-type  engines  can  jn  general 
utilise  any  liquid  fuel.  It  is  to  be  remembered  that  there  is  no 
strict  line  of  demarcation  between  the  types,  but  that  they 
tend  to  merge  one  into  the  other.  The  grades  of  suitable  oils 
vary  inversely  as  the  grade  of  the  engine— the  cheaper  and 
simpler  the  engine,  the  higher  the  grade  of  oil  required  ；  the 
more  elaborate  and  specialised  the  engine,  the  lower  the  grade 
of  oil  which  may  be  successfully  used. 

The  date  of  the  beginning  of  the  production  of  petroleum 
or  mineral  oil  in  the  United  States  is  recorded  in  Government 
publications  as  1859，  the  production  of  that  year  being 
2,000  bbl.  of  42  gals.  each.  The  United  States  production 
marketed  in  1914,  the  last  year  for  which  statistics  are  avail- 
able, was  265,762,535  barrels. 

There  are  six  major  oil  fields  of  the  United  States  ：  The 
Appalachian,  the  Lima  Indiana,  the  Mid-Continent,  the  Illi- 
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iiois,  t  lio  (Jult\  and  l  lic.  (  -; i  lit oniia.  The  (lualil  y  II"'  oil  pro 
(Incod  ill  the  Appjihu^liian  iiold  is  ilie  heat.  It  in  ,  yielding 
a  large  percentage  of  gasoline  and  kerosene,  and  paraHi"  is 
obtainod  froui  the  residmuii  ；  tlm  】ji"a  Indiana  oil  in  also 
li^ht，  but  contains  sulphur  ；  the  Illinois  oil  contains  lesH  suljiliur 
t lian  Lima  Indiana  oil,  but  contains  some  as])halie  as  well  as 
paraffin  ；  oils  of  the  Mid-Continent  field  contain  para flin  and 
as[)lialte,  and  show  ('oiisiderahle  variation  ；  tliose  I'rorn  i  lu; 
C ult'  field  contain  considerable  sulplmr,  while  ilie  California 
nils  ill  general  contain  niuch  asphalt  e  and  considerable  sulphur. 
Some  of  the  California  oils  are  valueless  to  the  refiner,  aud 
Hml  their  market  as  fuel  oil  or  as  road  oil. 

In  addition  to  the  oil  produced  in  the  United  States,  Uiere 
an  enormous  potential  production  in  Mexico.    This  oil  is 


Millions  of   5orrcts  o+  42  Gallons  Eoch 
Fig.  1.— Annual  Output  of  Pftuolkum  in  the  United  States, 

asphaltic,  and  contains  often  as  much  as  3^^  per  cent,  sulphur. 
It  finds  a  ready  market  as  fuel  oil,  and  can  be  sold  in  the  ports 
of  New  England  at  a  price  that  allows  of  its  being  used  as 
fuel  under  boilers  in  competition  with  coal.  In  Florida,  Mexi- 
can crude  is  used  extensively.  A  general  survey  of  the  statis- 
tics shows  that  the  total  production  of  oil  in  the  United  States 
is  increavsing.  Tliis  increase  is  in  the  lower-grade  oils,  as  the 
production  of  the  Appalachian  field  is  decreasing,  even  though 
the  price  lias  recently  been  maintained  at  a  fairly  high  level. 

New  fields  are  being  discovered,  and  the  limits  of  old  fields 
are  being  extended.  It  is  probable  that  for  many  years  the 
total  production  will  increase.     In  fact,  it  is  the  opinion  of 
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experts  that  the  pelroleum  resources  of  the  world  are  relatively 
undeveloped.  Some  fields  are  enormously  productive,  as,  for 
instance,  the  Cashing  pool,  which  a  year  ago  was  producing  at 
the  rate  of  about  30,000  bbl.  per  day  ；  the  production  of  this 
field  has  decreased  so  that  now  it  is  about  12,000  bbl.  daily. 

Consumption  of  petroleum  products  is  constantly  on  the 
increase.  This  applies  particularly  to  gasoline.  It  is  esti- 
mated that  the  automobiles  of  this  country  are  consuming 
over  1,000,000,000  gals,  annually.  In  addition  to  this  amount, 
the  yearly  consumption  of  gasoline  for  otlier  purposes  is  about 
500,000,000  gals.  It  is  in  this  enormous  demand  for  gasoline 
that  there  is  an  assurance  of  a  reasonable  supply  of  oil  suitable 
for  use  in  engines.  Part  of  this  supply  is  the  residue  from 
refining  operations,  and  a  great  portion  is  in  the  lower  grades 
of  crude  oil  discovered  in  the  search  for  new  supplies.    Fig.  1 
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shows  the  annual  production  of  petroleum  in  the  United  States 
from  1859  to  1914.  Fig.  2  sliows  the  total  production  of  the 
world  for  1914，  and  the  percentages  produced  in  the  different 
countries. 

A  first  impression  would  be  that  any  decided  increase  in  the 
number  of  oil  engines  in  use  would  create  such  a  demand  for 
fuel  oil  that  prices  would  advance  to  a  figure  which  would 
make  the  oil  engine  unprofitable.  But  this  does  not  take  into 
consideration  the  fact  that  in  many  cases  the  oil  engine  sup- 
plants an  oil-fired  boiler,  and  that  but  one-fifth  to  one-tenth 
of  the  oil  burned  under  the  boiler  is  required  for  the  oil  engine, 
the  remainder  being  available  for  other  purposes.  It  must  also 
be  remembered  that  the  price  of  fuel  oils  is  largely  determined 
by  the  price  of  other  fuels.  Heat  units  in  oil  must  not  be 
much  higher  priced  than  heat  units  in  other  fuels,  or  there  is 
no  market  for  the  oil.  For  many  years  the  price  of  low-grade 
oils  will  be  determined  by  the  demand  for  other  purposes  than 
use  in  oil  engines. 

Oil  E Df^iiif's.  Dit^sel  (ituJ  Sr 7ni-l)i('sel . — This  paper  will  con- 
sider Diesel-type  engines  particularly.  The  Diesel  engine  is 
the  most  economical  prime  mover  yet  designed.  It  is  now 
22  years  since  the  engine  was  patented  in  Germany.  The 
engine  was  developed  by  the  Augsburg-Niirnberg  Company. 
The  first  commercial  engine  was  put  in  service  in  1897，  and, 
according  to  the  Augsburg-Niirnberg  Company,  was  still  in 
service  and  running  satisfactorily  in  1911. 

The  Diesel  engine  is  unique,  in  that  it  was  designed  to  fit  a 
theory.  Some  of  the  paragraphs  in  Diesel's  patent  show  clearly 
that  his  calculations  were  not  entirely  correct  ；  for  instance, 
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Fkj.  3.— Fukl  Consumption,  4-Cycle  *'  Sxow  "  Oil  Engine,  feom  Actual 
Bbaxe  Tests. 

his  statement  that  there  is  "no  increase  in  the  temperature  pro- 
duced on  the  introduction  of  the  fuel,  or  at  most  only  a  very 
slight  one,  and  the  highest  or  extreme  temperature  is  produced 
by  the  compression  of  the  air.  It  is,  therefore,  under  control 
and  will  be  kept  within  moderate  limits,  and,  moreover,  in  view 
of  the  cooling  of  the  products  of  combustion  by  the  subsequent 
expansion,  no  artificial  cooling  is  required  for  tlie  cylinder,  the 
mean  temperature  of  the  gases  being  such  that  the  parts  of  the 
engine  can  be  kept  tight  and  lubricated  "  ；  also  that  "the 
exhaust  may  be  cooled  by  expansion  below  the  temperature  of 
the  atmosphere  and  utilised  for  refrigerating  purposes."  Expe- 
riment has  proven  these  statements  incorrect,  but  in  its 
essential  features  his  theory  was  sound.  The  first  claim  in  his 
patent  covers  the  engine  so  completely  that,  so  far  as  I  am 
aware,  no  infringement  was  ever  attempted.  This  is  the  claim  ： 
'' The  herein -described  process  of  converting  the  heat  energy 
of  fuel  into  work,  consisting  of  first  compressing  air,  or  a 
mixture  of  air  and  neutral  gas  or  vapour,  to  a  degree  producing 
a  temperature  above  the  igniting  point  of  the  fuel  to  be  con- 
sumed, then  gradually  introducing  the  fuel  for  combustion  into 
the  compressed  air,  expanding  against  a  resistance  sufficiently 
to  prevent  an  essential  increase  of  temperature  and  pressure, 
111  en  discontinuing  the  supply  of  fuel  and  further  expanding 
without  transfer  of  heat." 

The  first  Diesel  engine  was  a  vertical  machine,  and  this 
design  was  followed  in  subsequent  engines  until  it  became  so 
standardised  in  Europe  that  the  opinion  prevails  to  a  great 
extent  that  there  must  be  some  vital  reason  for  the  adoption 
of  the  vertical  type.  The  first  commercial  engine  was  a  twin- 
cylinder  vertical  engine  of  60  b.h.p.  Both  horizontal  and 
vertical  Diesel  engines  are  now  being  built  in  the  United 
Staf es,  and  the  expiration  of  Diesel's  patent  in  July,  1912， 
was  tlie  occasion  of  many  builders  entering  the  field. 


Ill  addition  to  Diesel  engines,  the  De  La  Vergne  type  FH 
？ ngiue  should  be  mentioned.  It  is  classed  as  semi-Diesel,  but 
its  equipment  includes  all  of  the  essentials  of  a  Diesel  engine, 
and  the  compression  needs  only  to  be  raised  from  about  3501bs. 
to  5001bs.  in  order  to  bring  it  into  the  Diesel  class.  The 
economy  of  this  engine  is  practically  the  same  as  that  of  the 
true  Diesel  type.  . 

Kconomi/  of  the  Diestl  Kn(/n\(\ —— As  stated,  the  main 
feature  of  the  Diesel  engine  is  its  economy.  The  measure  of 
efficiency  of  a  prime  mover  is  the  percentage  of  potential  power 
actually  obtained  for  useful  work.  In  the  transformation  of 
heat  energy  into  useful  power  various  losses  occur.  If  steam 
be  tlie  medium,  there  will  be  a  loss  of  lieat  in  the  boiler,  due 
to  radiation,  to  the  escape  of  heat,  into  the  stack  with  the  gases 
formed  by  combustion  of  the  fuel,  and  to  imperfect  combustion 
of  the  fuel.  Heat  in  the  steam  is  lost  by  radiation,  and  a  very 
considerable  amount  is  rejected  in  the  exhaust.  Friction 
accounts  for  a  further  loss,  and  so,  with  steam  as  a  prime 
mover,  the  percentage  of  actual  heat  in  the  fuel  that  is  trans- 
formed into  work  ranges  from  6  to  16  per  cent.  For  intermit- 
tent operation,  where  a  considerable  portion  of  the  fuel  burned 
is  for  stand-by  service,  the  percentage  may  be  even  lower.  In 
the  internal-combustion  engine  tlie  heat  losses  are  due  to  radia- 
tion, to  heat  carried  off  in  the  jacket  water  and  in  the  exhaust, 
and  to  friction.  The  principal  saving  is  in  the  reduction  of  the 
amount  of  heat  lost  in  the  exhaust. 

The  effective  thermal  efficiencies  of  various  prime  movers 
are  about  as  follows  :， 

Per  cent. 

Non-condensing  steam  engine    8"4  to    6' 6 

Condensing  steam  engine  and  turbine 

using  superheated  steam   15      "  10 

Suction  gas  engine    23      ，，  18 

Four-cycle  Diesel  engine    34      ，，  32 

The  significance  of  this  Diesel-engine  economy  can  best  be 
appreciated  by  a  familiar  comparison  ：  Assume  that  a  touring 
car  can  be  run  12  miles  on  a  gallon  of  gasoline,  which  costs 
23  cents  per  gallon  and  weighs  about  61bs.  Assume  that  the 
engine  has  a  thermal  efficiency  of  18  per  cent.,  and  that  the 
effective  heating  value  of  the  gasoline  is  114,000  B.T.U.  per 
gallon. 

Fuel  oil  weighing  about  7'51bs.  per  gallon  would  have  an 
effective  heating  value  of  about  135,000  B.T.U.  per  gallon. 
On  this  basis  of  relative  heat  values  and  efficiencies  a  Diesel- 
type  engine  would  drive  a  car  26  miles  on  a  gallon  of  oil,  as 
compared  with  12  miles  with  gasoline.  But  7' 66  gallons  of  oil 
can  be  purchased  for  tlie  price  of  one  gallon  of  gasoline,  so 
that  the  distance  covered  for  23  cents  worth  of  fuel  would  be 
200  miles  with  oil  and  12  miles  with  gasoline,  or  16"6  times. 

Fig.  3  shows  the  fuel-consumption  curve  of  a  single- 
cylinder  four-cycle  engine.  At  loads  from  80  per  cent,  to 
full  load  the  consumption  is  practically  constant,  and  at  the 
rate  of  0'421b.  per  brake  horse-power  hour.  At  this  rate 
one  gallon  of  oil  will  furnish  about  18  brake  horse-power 
hour,  and  the  cost  for  fuel  per  brake  horse-power  hour  with 
oil  at  3  cents  per  gallon  is  1 1  miles.  To  supply  100  h.p.  for  10 
hours  would  require  55i  gals,  of  oil,  costing  £^1'67. 

The  opponents  of  internal-combustion  engines,  both  gas 
and  oil,  always  state  that  these  engines  are  economical  only 
when  operating  near  maximu m  load,  and  that  the  economy 
falls  off  rapidly  as  the  loads  decrease.  Observe  on  this  curve  , 
that  the  load  is  approximately  42  per  cent,  where  the  consump- 
tion curve  crosses  the  0'51b.  line,  and  that  the  consumption  at 
half  load  is  0'471b.  The  fuel  coimuription  for  a  lO-hour  day, 
running  a  100  h.p.  engine  at  half  load,  would  be  about 
？ >\\  gals.,  costing,  at  3  cents  per  gallon,  95  cents.  It  is  evident 
that  the  fuel  expense  for  keeping  an  engine  running  on  fric- 
tion load  is  very  slight.  By  actual  test  on  a  65  li.p.  engine, 
full  speed  with  load  was  maintained  on  I'l  gals,  per  hour. 

Vertical  v.  Horizontti]  Diesel  ？ J nr/'uie.^. —— One  of  the  out- 
standing features  of  Diesel-engine  manufacture  in  the  United 
States  is  that,  in  general,  those  manufacturers  who  have  done 
their  own  designing  have  brought  out  horizontal  engines,  while 
tliose  who  are  building  vertical  engines  liave  purchased  the 
designs  abroad. 

The  advantages  of  the  horizontal  engine,  as  enumerated  by 
a  concern  with  an  established  reputation  as  builders  of  vertical 
engines,  are  ：  Lower  price  ；  easy  survey  and  convenient  atteu- 
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(laiifo  :  hottiM'  (list  i-lbnt  ion  of  st  resses  on  ilic  crankshaft  and 
main  bearings  ；  better  lubricaiioii  of  bearings  ；  better  lubrica- 
tion of  piston  ；  easier  cleaning  ami  repair  work,  especially  lo 
pistons,  which  can  be  taken  out  without  removing  the  cyliiuler 
iicud  and  the  valve  gear  ;  reduced  lieigM  ol'  engine  room,  as 
all  pipes  are  laid  in  trenclios  under  the  floor  and  do  not 
obstruct  tlie  room. 

In  a  comparison  of  vertical  ami  horizontal  Diesel  engines 
the  detail  most  discussed  is  the  piston.  Vertical  builders  call 
attention  to  the  weight  of  the  piston,  and  the  side  pressure 
thereby  produced  on  the  cylinder  bore,  in  the  case  of  the  hori- 
zontal engine.  The  fact  tliat  the  first  Diesel  engines  were 
built  vertical,  and  that  excessive  height  was  undesirable, 
probably  led  to  the  use  of  trunk  pistons.  For  the  same  reason 
a  connecting  rod  of  a  length  but  slightly  more  than  five 
cranks  has  been  used  in  vertical  engines.  An  analysis  of  the 
forces  prevailing  throughout  the  cycle  of  operations  shows  that 
the  side  pressure  on  the  cylinder  walls,  due  to  the  angularity 
of  the  connecting  rod,  is  far  greater  than  the  pressure  due  to 
the  weight  of  a  piston,  even  though  the  piston  lies  horizontally. 
Any  increase  in  connecting-rod  length  means  a  proportional 
decrease  in  the  side  thrust.  Ordinarily  an  increase  in  the 
length  of  the  connecting  rod  of  one  crank  length  decreases  the 


Fig.  4.— Piston  Effort  Diagrams  fob  Horizontal  Oil  Engine, 
Compression  Stroke. 

(a)  Frame  diagram  ；  (b)  compression  diagram  ；  (c)  inertia  diagram  ; 


^iyeu  showin^^  t  lio  prosHiires  acting  on  llic  i)ist,(,ii  during  itu! 
coiiipression  aiul  working  strokes  ；  the  inertia  ；  the  ctMribiiied 
inertia  and  pressures,  wlucli  is  the  measure  of  iho.  effort  trans- 
iniiied  to  tlio  crank  pin  ；  tlie  turning  olToii  oii  ilio  rnuik  jjin, 
and  ilio  resulting  thrusts  due  to  tlie  aiigulai  ily  of  the  connect- 
iiitr  rod.  The  figures  on  the  diagrams  are  in  pounds  per  square 
indi  of  piston  area.  Tii  these  piston-efTort  diagrams,  the  force? 
which  tend  to  drive  the  crank  in  clockwise  direction  are  shown 
above  the  horizontal  base  line,  and  those  forces  that  would  tend 
to  drive  the  crank  in  the  reverse  direction  are  hIiowii  below 
tlie  base  line. 

Beginning  with  the  compression  sirok o,  Fig.  4a,  note  that 
tlie  crank  is  driving  the  piston  against  a  constantly  increasing 
pressure,  which  reaches  SOOIbs.  per  square  inch  at  the  end  of 
the  compression  stroke,  Fig.  Ah.  At  the  beginning  of  the  com- 
pression stroke,  when  the  inertia  of  the  reciprocating  weights 
must  be  overcome,  the  pressure  in  the  cylinder  is  low.  At 
the  end  of  the  compression  stroke  the  inertia  effect  is  tending 
to  revolve  the  crank  in  clockwise  direction,  as  shown  in  Fig.  4r. 
Note,  in  Fig.  4</,  how  closely  the  line  approaches  the  base.  An 
increase  in  the  weight  of  the  reciprocating  parts  or  an  increase 
in  the  rotative  speed  of  the  engine  would  cause  tlie  line  to 
cross  the  base  line,  or,  in  other  words,  would  result  in  the 


Fig.  5.— Piston  Effoht  Diagkams  for  Horizontal  Oil  Engine, 
Working  Stroke. 

I'ession  and  inertia  ；  (e)  crank  effort  ；  (f )  reaction  on  crosshead  guide. 


side  thrust  an  amount  equal  to  the  weight  of  a  piston  and 
wrist  pin,  or,  in  other  words,  a  vertical  trunk-piston  engine 
with  a  connecting  rod  five  cranks  long  is  subjected  to  about 
the  same  side  pressure  on  the  cylinder  wall  as  a  horizontal 
trunk- piston  engine  with  a  connecting  rod  six  cranks  long. 

The  magnitude  of  the  forces  involved  in  the  engine  is  not 
generally  realised.  Weight  is  obvious,  but  loads  due  to  fluid 
pressure  inside  of  cylinders  and  the  reactions  resulting  there- 
from are  not  so  readily  appreciated.  For  example,  with  a 
connecting  rod  five  cranks  long,  and  the  engine  crank  45° 
from  dead  centre  on  the  working  stroke,  tlie  side  thrust  on 
the  piston,  not  considering  the  modifying  effect  of  inertia  of 
the  reciprocating  parts,  is  about  4 libs,  per  square  inch  of 
piston  area.  For  a  19in.  diameter  piston,  this  is  284  x41  = 
ll,6401bs.  The  weight  of  a  19in.  piston  with  wrist  pin  and 
one-half  of  the  connecting  rod  is  approximately  l,6001bs.  The 
side  thrust  due  to  angularity  of  the  connecting  rod  for  this 
condition  is  about  7"3  times  the  weight  of  piston.  In  actual 
running,  the  force  transmitted  to  the  crank  pin  through  the 
connecting  rod  is  reduced  by  inertia  effects,  so  that  the  side 
thrust  due  to  angularity  is  from  five  to  six  times  the  piston 
weight  instead  of  7'3  times. 

In  order  to  present  this  feature  more  clearly  diagrams  are 


piston  actually  pulling  the  crank  during  a  short  portion  of  the 
compression  stroke  ;  such  a  condition  tends  to  cause  a  knock. 
From  this  piston-effort  curve  the  negative  turning  effort  on 
the  crank  is  obtained,  Fig.  4f，  and  the  reaction  on  the  cross- 
head  due  to  the  angularity  of  the  connecting  rod,  Fig.  4/.  On 
the  compression  stroke,  the  tendency  is  to  lift  the  crosshead 
throughout  the  stroke.  The  upward  thrust  is  maximum  near 
the  end  of  the  compression  stroke,  and  equals  14*51bs,  per 
square  inch  of  piston  area.  The  weight  is  about  5'21bs.  per 
square  inch,  so  that  the  net  upward  thrust  is  9'31bs.  per  square 
inch  of  piston  area,  or  10，7001bs.  For  a  19in.  diam.  piston, 
upward  thrust  is  resisted  by  adjustable  gibs  bearing  on  the 
sides  of  the  crosshead  shoe,  and  no  trouble  is  experienced  in 
making  these  adjustments  so  that  the  engine  runs  quietly. 

At  the  end  of  the  compression  stroke,  fuel  is  injected  and 
the  working  stroke  follows,  Fig.  5*7.  The  pressures  in  the 
cylinder  throughout  the  stroke  are  indicated  in  Fig.  5/>.  The 
inertia  diagram  for  this  stroke  is  shown  in  Fig.  5c.  Note 
particularly,  in  Figs.  4r/  and  5(7，  the  beneficial  effect  of  inertia 
in  reducing  the  high  pressures  at  the  end  of  the  compression 
stroke  and  the  beginning  of  the  working  stroke,  and  in  sup- 
plementing the  low  pressures  in  the  cylinder  at  the  end  of  the 
working  stroke  so  that  the  effort  is  more  evenly  distributed. 
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l)uiing  this  stroke  the  tlirust  clue  to  the  angularity  of  the  con- 
necting rod  is  all  downward,  Fig.  5/，  and  reaches  a  maximum 
of  32'61bs.  per  square  inch  of  piston  area.  Adding  the  weight 
to  til  is,  the  maximum  downward  pressure  is  37*81bs.  per  square 
inch  of  piston  area,  or  10,7001bs.  For  a  19in.  diam.  piston, 
note  particularly  that  if  the  cylinder  were  vertical  there  would 
still  be  a  maximum  side  thrust  of  9,2501bs. 

From  the  foregoing  it  will  be  very  apparent  that  it  makes 
but  little  difference  wliether  an  engine  is  built  vertical  or  hori- 
zontal ill  so  far  as  side  pressures  are  concerned.  In  the  case 
above  analysed,  weight  adds  but  16  per  cent,  if  the  maximu ni 
pressure  is  considered.  The  advantage  of  the  horizontal  en- 
gine in  general,  and  the  crosshead  type  in  particular,  is  in 
its  superior  accessibility.  In  the  case  of  a  vertical  trunk- 
])iston  engine  it  is  necessary  to  practically  dismantle  the  engine 
in  order  to  get  at  the  piston,  piston  rings,  or  wrist-pin  bear- 
ings. In  inost  cases  the  valve  gear  and  the  cylinder  heads 
must  be  removed,  the  connecting  rod  must  be  disconnected  at 
tiie  crank  pin,  and  the  piston  and  piston  rod  then  lifted  out 
through  the  cylinder. 

Compare  this  procedure  with  tliat  necessary  in  the  hori- 
zontal engine  ：  The  sheet-steel  crank  splasher  is  removed  : 
then  the  connecting  rod  is  disconnected,  at  the  crank  pin  in 
tlic  case  of  a  trunk-])iston  type,  or  more  simply  at  the  wrist 
])in  if  the  engine  has  a  crosshead,  and  the  piston  is  then  re- 
moved from  the  open  end  of  the  cylinder.  The  actual  time 
required  to  remove  a  piston  and  crosshead  of  a  19in.  by  33in. 
eii— le  was  20  minutes.  The  piston  was  wiped  clean  and 
replaced  in  30  minutes,  making  the  total  shut-down  50 
in  in  utes,  as  coiti])ared  witli  about  one  day  of  10  hours  to  accom- 
plish the  same  thing  in  the  case  of  a  vertical  engine. 

Tfi pe  of  Diesel  Knf/'fnc  (ukJ  Lifhrtrafion. —— The  matter  of 
cylinder  lubrication  is  another  feature  of  superiority  in  hori- 
zontal engines.  In  the  vertical  type  it  is  absolutely  essential, 
in  order  to  secure  a  distribution  of  the  lubricant  around  the 
cylinder  bore,  to  supply  the  oil  through  a  number  of  feeds,  as 
many  as  four  per  cylinder  on  tlie  smallest  sizes  and  more  on 
larger  diaiiietei's.  A  horizontal  cylinder,  on  the  other  hand, 
even  of  the  largest  size  that  is  practicable  to  build,  can  be 
cfTcftivelv  lubricated  over  its  whole  surface  from  a  single  feed 
on  the  upper  side.    Gravity  helps  to  distribute  the  oil. 

In  any  internal- combustion  engine  some  of  the  lubricating 
oil  is  carbonised.  In  a  vertical  engine  this  carbon  tends  to 
work  down  past  the  piston,  fouling  the  rings  and  dropping 
into  the  crank  pit,  where  it  becomes  mixed  with  the  bearing 
oil.  In  the  horizontal  type,  much  of  this  carbon  is  pushed 
into  the  counterbore,  whence  it  can  be  removed  through  a 
blow-off  valve  in  the  bottom  of  the  cylinder.  Such  portion 
as  works  by  the  piston  can  be  caught  in  the  frame  and  pre- 
vented from  mixing  with  the  bearing  lubricating  oil.  Even 
Ihe  main  hearings  in  a  horizontal  engine  are  more  effectually 
lubricated.  During  the  working  stroke,  when  the  pressures 
are  hit^hest,  the  main  shaft  is  partly  lifted  from  the  bottom 
shell,  allowing"  the  lubricant  to  fill  the  space.  Then  on  the 
two  idle  strokes,  the  exhaust  and  inlet,  inertia  effects  tend  to 
briiig  the  shaft  first  against  one  side  of  the  bearing,  then 
against  tlie  other,  thus  effecting  a  very  thorough  distribution 
of  the  oil. 

(To  he  co7ithiued.) 


Valvegoar  lor  locoinotivo  and  otlier  steam  engines.  G  res  ley. 
Io709. 

Driving  chains.    Carter,  aiul  Hans  Renoldj  Ltd.  15911. 
Adjustable  pipe  wrenches.    Whelan.  1(3173. 
Rotary  pump.    Bosch.  16660. 

Tool  holders  for  use  on  boring  machines.    "NVeltster  &  Bennett^  Ltd., 

;m(l  Thompson.  16897. 
Coupling  devices  for  transmitting  power.    Stewart.  17-178. 
Stoain  condensing  plant.    Morisoii.  17500. 

Machines  for  i'ormiug  screw  threads.    Oldfioldj  and  Oldficid  and 

Sfliofield  Company.  17745. 
(ias  furnaces.    South  Alctj'opolitaii  Gas  Conipanv.  and  Chaudlei . 

髓 r).  " " 

1916. 

C'ontrif iigal  governor  mechanism.     Belliss  A:  jMoiconij  Ltd.^  and 

(； nest,  C.  L.  594. 
Piochu'tion  of  ingots  and  castings.    Armstrong,  Whitwortli,  &  Co., 

Sir  W.  G.,  Law,  E.  F.,  and  Sanclberg,  C.  P.  1810. 
Gas  and  air  mixer  for  petrol  engines.    Price,  A.，  Pryse.  、V.'  and 

Morgan,  F.  J.    2 撒  ― 
Chains.    National  Malleable  Castings  Company.  3997. 
lntei*nal  C'om])ustion  engines.    Sonthall,  J.  4421. 
Floating  wedge  lock  nuts.    Wood,  F.  W.,  and  Bra  id,  J.  W.    化 86. 
]\racliiiies  for  nifiniifaotiiring  cores  and  moulds.    Pillois,  J.  5317. 
Carburetting    systems    of    internal-combustion    engines.  King, 

C.  F.  L.  5896. 
Cams.    Clinton  Cam  Company.    601  o. 

Positively-opening  chuck.    Lees-Biadiier  Company.  6347. 

Devices  for  utilising  fluids  under  pressure  for  lubricating  relatively 
movable  elements.    Abbott',  W.  G.  6688. 

Coinpouiul  condensing  steam  engines.    Davoy,  H.  6934. 

Constniftit)!!  of  washei-  and  iint-lock.    Brewer,  C.  7321, 

Apparatus  for  cleaning  boilers.    Lund,  H.  J.  7547. 

Cai  hnretters  for  internal-combustion  engines.  McGregor,  D.  10372. 

Traction  engines  of  the  self-laying  track  type.  Caterpillar  Trac- 
tors, Ltd.    11038.  '  ' 

(iiiiclin^  of  ropes  in  winding  apparatus.    Mai-stou,  8.  11334. 

Tool-holders  for  metal-working  machines.    Can',  J.  AV.  12741. 

ELECTRICAL.  1915. 

Klrctric  imlicating  :、ml  li^iiting  sy.stenis.    Blackmore.  14145. 

Dynanioy.    Nculand.  14377. 

Electric  arc  soldering.    Jones.  14408. 

Secoiulaiy  batteries.    Smith.  l-*)824. 

Electriral  switches.    Wynne.  1(3-395. 

Electric  contact  tliormonietors.    Costello.  16466. 

卜: lf»('trif  licatiiig  and  cooking  devices.    Savers.    1 7366. 

Dynamos.    Martin.  18137. 

1916. 

Electrode  holders  for  use  in  electric  soldering  and  welding  、vith 

insii)lc    electrodes.     Qua  si- Arc  Co  in  pa  nv,    and  Strohmcnger. 

A.  1).   2556.  " 
Electric  incandescence  lamps.     Deutsche  Gasglulilicht  Akt.-Ges. 

(Ancrges).  2704. 
A  Ite  I'll  a  tors  for  the  production  of  high-trcquency  electric  oscilla 

tions.    Soc.  Fraiicaise  Radio  Electrique.  3745. 
Electrolytic  niothod  for  removing  oxide  or  rust  from  the  surface  of 

iron  or  steel.    Marino,  P.  5628. 
Sptirkiiig  plugs.    Lamkin,  A.  E.  7ol7. 


NEW  PATENTS. 

Spt^r'tfirn firms  of  thr  following  are  noiv  pnhlished,  and  we  shall 
he  phased  to  fortvard  copies  post  free  on  rrcript  of  8d.  Address 
Mechanical  Engiyirrr,'^  5-5,  New  Bnilry  Sirref,  Manchester, 

MECHANICAL,  1915. 

Attaclinionts  lor  tiiirot  Ijitlics.    15; 山 i.  】1^7r)4. 
Screwing  dio  heads.  Cadogan. 
Cupolas.    Parsons.  l'120o. 

\'aIvo  m(>('!miisu】  for  internal  comhustioii  engines 
14211. 

Air-C()t)li!ig  mcjms  lor-  iiitci  iial  coinhnslion  motors. 
14*271. 

f^tofJin  injcf'tors.    Urookc.    \\"277 . 

Kliiid-pressiirc     vulvos.       Hritisli     Thotiisoii  Houston 

Adjustable  wrotich.    San  key  &  Sankoy.  14366. 
Cooling  towers.    Uhde.  14492. 
Adjiistahle  spanners.    Pickard.  14634. 


METAL  QUOTATIONS. 

TUESDAY,  OCTOBER  31st. 

Alu minium  ingot   一   per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  " 

sheets    ―  ,, 

Antimony    £95/—/—  per  ton. 

Brass,  roIUxl   1/4 J  per  lb. 

"    tubes  (hraz(Hl)    1/6 J  ,， 

，,        ，，    (solid  drawn)    1/4 J  ，， 

，，        ，，    wire    1/3^  ,, 

Copper,  Standard    £124/10/-  per  ton. 

Iron,  Cleveland    87/6  ,, 

，， Scotch    ―  " 

Lead,  English   £32/5/-  " 

，， Ford 卩 1  (soft)   £30/-/-  ，， 

JVlica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

"  "        "         medium    3/6  to  6/-  " 

，，  ，，        ，，         large    7/6  to  14/- ，， 

Quicksilver   :   £17/12/6  per  bottle. 

Company.      Silver    32Jd.  per  oz. 

Spelter  (American)   £51/-/-  per  ton. 

'  Tin,  block    £181/—/-  per  ton 

Tin  plates,  I.C   32/6  per  box. 

Zinc  sheets    £72  per  ton. 


Scaiborongl 
Hnlt  &  Hii 
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=FLEXIBLE= 
METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2) 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 


The  "PERFECT"  VISE 


J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop  ::  ::         ::  :: 

By  W.  W.  F.  PULLEN, 

IV  hit  worth  Scholar  ：  Member  of  the  Institute  of  Mechanical  Engineers, 
Associate  Member  of  the  Institution  of  Civil  Engineers. 

Price  13/-  post  free. 

CONTENTS- ― Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator,  Indicator  Rigs  and  Accessories. 
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Coal  Production  and  Economy. 

As  the  war  progresses,  the  demand  for  fuel  grows,  and  at  the 
same  time  the  husbanding  of  supplies  and  the  practice  of 
economy  becomes  more  and  more  pressing.  This  is  not  sur- 
prising to  those  who  view  the  carrying  on  of  the  war  in  its 
widest  aspects,  as  its  executive  problems  are  mainly  engineer- 
ing ones,  and  consist  in  the  furnishing  and  accelerating  quanti- 
ties of  munitions  and  machinery,  whose  manufacture  depends 
on  coal  as  the  primary  source  of  energy.  The  serious  results 
which  may  follow  from  contraction  of  output  was  clearly 
stated  by  the  Prime  Minister  some  days  ago  in  his  remarks 
to  the  representatives  of  men  engaged  in  coal  mines,  on  the 
subject  of  absenteeism.  We  do  not  propose  to  dwell  on  this, 
though  it  must  have  been  a  painful  shock  to  many  to  learn 
that  in  this  time  of  national  stress  there  are  sections  of  men 
in  the  pits  who  place  comfort  and  indolence  before  patriotism, 
and  that  while  the  great  majority  of  their  countrymen  are 
straining  every  nerve  to  meet  the  common  task,  they  indulge 
in  indolence  to  an  extent  which  even  their  official  representa- 
tives condemn,  and  which  it  is  admitted  could,  without  exces- 
sive effort,  be  reduced  by  one-half.  Apart,  however,  from  this 
question  of  output  of  fuel,  its  economical  use  is  also  of  im- 
portance, and  in  this  connection  the  report  issued  by  the 
British  Association  Committee  deserves  attention.  It  is  uni- 
versally admitted  that  our  methods  both  of  getting  and  utilis- 
ing coal  have  been  improvident,  and,  notwithstanding  our 
enormous  stores  and  improvements  in  working,  the  average 
price  of  the  raw  material  has  for  many  years  been  on  the 
up-grade,  as  a  consequence  mainly  of  higher  wages  and  the 
adoption  of  greater  precautions  to  ensure  safety,  coupled  with 
the  fact  that  the  demand  is  an  ever-increasing  one.  How 
great  the  world's  requirements  are  is  shown  by  the  fact  that 
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the  approximate  total  of  800  million  tons  in  1903  rose  to 
1,250  millions  in  1913，  a  growth  practically  equivalent  to  a 
compound  interest  rate  of  5  per  cent,  per  annum.  Whether 
this  I'ate  of  growth  will  continue  in  the  future  or  what  it 
would  amount  to  in  the  course  of  100  years  it  would  be  idle  to 
dwell  upon.  It  is  sufficient  to  consider  immediate  require- 
ments, and  the  means  by  which  these  may  be  the  better  ful- 
filled. Coal  is  not  only  of  prime  importance  as  a  fuel,  but  in 
the  hands  of  the  chemist  its  by-products  become  the  raw 
materials  of  numerous  other  industries.  By  synthetic  pro- 
cesses other  products  such  as  petrol,  dyes,  drugs,  fertilisers, 
and  certain  explosives  are  evolved,  and  economy  in  the  manu- 
facture and  use  of  each  of  these  is  of  national  advantage. 
Economy  of  fuel,  it  will  be  evident,  covers  a  wide  field, 
and  in  order  to  study  the  various  aspects  of  the  ques- 
tion the  British  Association  have  appointed  a  series  of 
sub-committees  to  deal  with  them  from  the  standpoints  of 
chemistry,  carbonisation,  metallurgy,  power,  and  domestic 
heating.  Mechanical  engineers  have  made  much  progress 
during  recent  years,  not  only  in  raising  the  economic  efficiency 
of  prime  movers,  but  in  the  concentration  of  prime  movers  in 
central  stations,  but  much  remains  to  be  done  before  it  can  be 
claimed  that  our  national  store  of  energy  of  coal  is  being 
wisely  and  efficiently  expended.  The  theoretical  problem  of 
converting  the  heat  of  coal  into  mechanical  work  has  been 
largely  solved,  though  it  is  recognised  much  saving  is  still 
possible  by  greater  co-operation  amongst  central  power 
stations  by  the  co-ordination  of  electrical  distribution  so  as  to 
secure  uniform  output.  Amongst  small  steam  power  units 
fuel  expenditure  is  still  most  extravagant.  In  individual 
units  it  may  not  seem  great,  but  its  seriousness  in  the  aggre- 
gate is  indicated  by  some  figures  given  in  the  report  of  the 
Royal  Commission  on  Coal  Supplies  in  1905.  It  was  there 
stated  that  the  average  consumption  of  coal  per  horse-power 
hour,  deduced  from  a  number  of  typical  industrial  concerns 
where  information  could  be  obtained,  was  not  less  than  51bs. 
When  it  is  borne  in  mind  that  this  would  include  many  econo- 
mical units,  and  that  in  large  central  power  stations  the 
expenditure  per  indicated  horse-power  hour  is  less  than  21  bs. 
it  will  be  obvious  that  in  a  great  many  instances  it  is  three  to 
four  times  wliat  it  ought  to  be.  Much  improvement  could 
undoubtedly  be  effected  in  many  small  power  installations  by 
the  substitution  of  gas  or  oil  engines  for  steam  engines,  or 
where  circumstances  permit,  by  electricity  from  a  central 
station.  In  large  ones  self-interest  lias  led  in  many  instances 
to  the  adoption  of  better  appliances  in  the  shape  of  mechanical 
stokers,  &c.，  weighing  apparatus,  CO^  recorders,  calorimeters, 
and  water-measuring  devices,  but  there  are  still  many  firms 
where  improvements  of  this  kind  could  be  adopted,  and  where 
expenditure  would  be  amply  rewarded  by  the  coal  saved.  In 
domestic  heating  there  is  quite  as  much  scope  for  economy  as 
in  industry,  but  the  question  concerns  a  vastly  greater  portion 
of  the  population,  and  is  infinitely  more  complex,  but  the  fact 
that  the  Royal  Commission  in  1905  estimated  that  one-half 
the  coal  consumed  for  domestic  purposes  might  be  saved  by 
the  installation  of  better  appliances,  shows  it  is  deserving  of 
serious  study.  Domestic  heating  is  closely  linked  with  ventila- 
tion and  health,  not  to  mention  the  prejudices  of  individuals 
in  favour  of  the  open  fire,  and  we  are  not  surprised  that  the 
British  Association  Committee  have  no  cut- and- dried  remedy 
to  propose.  This,  however,  only  proves  the  need  for  full 
investigation.  The  more  the  subject  is  ventilated  the  more 
public  opinion  will  be  educated  and  led  eventually  to  adopt 
solutions  conducive  to  the  end  in  view. 


TESTS  OF  A  WILLANS  SURFACE  CONDENSER, 

T,*HE  results  of  some  tests  obtained  on  one  of  five  surface- 
condensing  plants,  embodying  the  Willans  &  Robinson  rotary 
air-pump  system,  and  installed  at  the  London  &  South-western 
Railway  Company's  Dunisford  Road  power  station,  have 
recently  been  made  public.  The  station  contains  five 
identical  plants,  each  of  the  same  capacity,  in  addition  to 
two  similar  plants  of  smaller  size.  The  main  feature  of  this 
system  is  that  the  circulating  water  is  passed  through  an 
ejector,  which  is  shown  on  the  accompanying  drawing  at  B, 
and  takes  the  place  of  the  ordinary  air  pump.  A  separate 
pump  C  is  provided  to  withdraw  the  condensed  steam  from 
the  surface-condenser,  and  to  return  this  to  the  hot  well. 
An  automatic  non-return  valve  A  is  placed  between  the  air 
ejector  and  the  main  condenser  body,  so  as  to  prevent  water 
being  drawn  into  the  condenser  in  case  of  failure  of  the 
ejector. 

There  are  three  common  forms  of  application  of  the 
system  known  as  the  "series,"  the  "shunt,"  and  the  "sepa- 
rate pump  ，，  types  respectively.  In  the  case  of  the  "  series  ，， 
type  of  plant,  the  whole  body  of  the  circulating  water  is 
passed  through  the  air  ejector  before  entering  the  condenser ; 
that  is  to  say,  the  circulating  pump  is  designed  for  the 
normal  quantity  of  water  required  by  tlie  condenser,  but 
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allowance  is  made  in  calculating  the  head  for  the  necessary 
drop  across  the  air  ejector.  In  the  case  of  the  second,  or 
'( shunt  ，，  system,  the  cooling  water  for  the  condenser  and  the 
ejector  water  are  delivered  in  parallel,  and  the  ejector  water 
is  returned  to  the  source  of  supply  oi'  to  the  circulating  water 
suction.  In  other  words,  the  circulating  pump  is  designed 
for  the  normal  head  required  by  tlie  lay-out  of  the  plant, 
with  allowance  for  condenser  friction,  and  the  quantity 
delivered  is  that  needed  for  the  condenser  itself,  plus  the 
necessary  water  for  the  air  ejector.  The  third,  or  "  separate 
pump  "  type,  of  which  the  L.  &  S.W.  installation  is  an 
example,  differs  from  the  "  shunt  "  system  only  in  that  a 
separate  pump  is  provided  for  delivering  the  air-ejector 
water,  apart  from  the  main  circulating-water  pump  which 
supplies  the  condenser  in  the  ordinary  way. 

In  tlie  present  installation,  both  the  main  circulating 
pump  and  the  ejector  pump  draw  their  water  by  means  of  a 
common  suction  pipe  from  the  main  suction  culvert,  which 
runs  the  full  length  of  the  engine-room.  The  water  coining 
from  the  condenser  itself  is,  of  course,  heated  and  passed  to 
the  delivery  culvert,  but  the  air-ejector  water  is  returned  to 
the  suction  or  inlet  culvert.  It  will  be  noted  that  in  this 
instance  the  circulating  pump  is  driven  by  means  of  a  con- 
tinuous-current motor,  whereas  the  ejector  pump  D  and  con- 
densate extraction  pump  C  are  driven  by  a  small  steam 
turbine. 

The  vacuum  attained,  it  will  be  seen,  is  substantially 
above  that  guaranteed,  and  particular  attention  may  be 
drawn  to  the  very  low  difference  between  the  circulation- 
water  outlet  and  vacuum  temperatures.  The  tests  were 
carried  out  after  the  plant  had  been  in  service  for  a  consider- 
able period,  in  the  presence  of  the  representatives  of  the  con- 
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siilt  eiiij^iuocrs,  Messrs.  Kennedy  &  Donkiii,  and  of  M  r. 
Herbert  J  ones,  cliiel'  electrical  engineer  to  tlie  Lomlon  and 
South-westeru  Railway  Company. 
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THE  DETERMINATION  OF  FOUNDRY  COSTS, 

BY  CLINTON  H.  SCOVELL. 

An  adequate  production  scheme  is  one  of  the  essentials  for 
efficient  foundry  management.  It  is  also  the  framework  for 
the  cost  accounting.  Upon  receipt  of  an  order  for  castings, 
at  least  three  copies  of  the  production  order  can  be  used 
effectively.  One  should  remain  in  the  production  department 
and  two  copies  should  go  forward  to  the  foundry  foreman, 
one  for  his  file  and  one  as  an  order  for  patterns.  A  summary 
of  these  orders  is  kept  by  the  production  clerk,  classified  by 
customers,  and  if  desirable  for  production  purposes,  according 
to  weight  of  castings  or  grade  of  metal.  A  daily  analysis  of 
this  summary  is  made  by  the  production  clerk  and  foundry 
foreman,  and  the  production  for  succeeding  days  determined. 
Postings  are  made  to  this  record,  crediting  the  good  castings 
made  each  day  and  leaving  as  a  balance  the  number  of  cast- 
ings for  each  pattern  yet  to  be  made. 

When  new  patterns  are  received  at  the  foundry  the  gross 
weight  of  castings  to  be  made  from  these  patterns  is  calcu- 
lated. By  maintaining  the  record  the  production  ahead  of 
the  plant  can  be  closely  estimated.  Production  orders  as 
issued  to  the  foundry  should  be  given  serial  numbers.  These 
order  numbers  can  be  so  arranged  as  to  indicate  a  customer, 
a  class  of  work,  a  pattern,  or,  if  desirable,  all  three. 

The  labour  cost  will  be  sharply  divided  between  direct 
and  indirect  charges.  Even  if  the  direct  charges  are  not 
further  sub-divided,  the  total  pay  roll  should  be  separated 
into  cupola  labour,  moulding,  core  making,  cleaning  pattern 
work,  and  carpenter  shop.  In  most  cases  there  should  be  a 
sub-division  of  moulding  and  core-making  labour  which  will 
show  the  time  consumed  by  moulders  and  core  makers  against 
individual  production  orders.  All  indirect  labour  (except 
that  connected  with  the  moulding,  core  making,  and  possibly 
cleaning  departments)  should  be  charged  to  appropriate 
burden  centres  and  subsequently  distributed  to  job  cost  cards 
on  the  basis  of  pounds  of  good  castings  made.  The  indirect 
labour  associated  with  moulding  and  core  making  will  be 
charged  from  the  labour  distribution  to  the  moulding  or  core- 
making  burden  centres,  and  applied  to  costs  through  the 
hourly  burden  rate  of  these  centres. 

The  material  charged  to  the  cupola  is  the  principal  cost 
of  melted  metal,  although  the  total  cost  of  metal  is  composed 
of  fixed  charges  on  the  investment  in  cupola  equipment  and 
raw  material  inventories,  cupola  repairs,  and  tlie  labour  of 
the  cupola  gang.  A  perpetual  inventory  should  be  main- 
tained for  all  materials  and  supplies.  This  does  not  neces- 
sarily mean  that  detailed  stores  cards  should  be  maintained, 
covering  all  items  of  supplies.  But  separate  accounts  should 
be  kept  (including  freight  as  well  as  purchase  price  and  un- 
loading costs  when  kept  separate)  for  such  important  items 
as  pig  iron,  scrap,  coke,  moulding  sand,  &c.  General  supplies 
may  well  be  grouped  iji  a  storeroom,  for  which  one  person 
should  be  responsible.  The  balances  on  hand  may  be  checked 
individually  as  convenient.  If  various  sections  of  the  inven- 
tory are  checked  at  regular  intervals,  an  accurate  record  can 
be  maintained,  so  that  it  is  possible  to  prepare  a  reliable 
statement  of  loss  and  gain  at  the  end  of  each  period  without 
taking  a  physical  inventory. 

*  Abstract  of  paper  read  before  tlic  Aiiu'vi(  tin  Fomulrymen's  Association . 
Sej>tembei.  lOKJ. 


It  is  liiglily  itdvisable  lliat-  Hiicli  sup  plies  as  nails,  ^'ag^ers, 
& (:■，  l)e  kt'pi,  under  stores  control.  Large  savings  liave  l)een 
efVected  by  requiring  the  foremen  ol'  the  moulding  and  core- 
inakintj  de[)art'iiieiiis  to  issue  requisitions  for  tJiin  clasH  of 
su])|)lies,  wliich  are  a  charge  to  burden  in  the  respect ivo 
deparUneiits. 

The  first  burden  charge  to  each  department  is  for  rent.  If 
the  plant  is  rented,  the  rent  chargeable  to  each  deparLmeiit 
can  be  determined  easily  by  apportioning  the  total  rental 
paid  according  to  the  relative  areas  of  the  different  depart- 
ments. Where  the  plant  is  owned,  the  expense  corresponding 
to  rent  consists  of  interest  and  taxes  on  the  land,  and  interest, 
taxes,  insurance,  depreciation,  and  repairs,  and  possibly  heat 
and  liglit  on  the  buildings.  The  siuii  of  these  charges  deter- 
mined for  each  building  in  the  plant,  divided  by  the  available 
floor  space  in  each,  gives  a  square  foot  factor  which  can  be 
used  to  distribute  the  rent  charges  to  department's. 

The  burden  charges  on  the  equipment  in  the  several 
departments  will  vary  because  of  the  varying  cost  of  the 
equipment,  affecting  interest,  tax,  and  insurance  charges,  and 
because  the  nature  of  the  operations  performed  affects  the 
depreciation.  Charges  of  these  various  kinds  are  therefore 
based  on  the  value  and  kind  of  equipment  in  each  depart- 
ment. The  sum  of  the  rent  and  equipment  charges  are  fixed 
whether  any  manufacturing  operations  are  carried  on  or  not. 

The  next  charges  are  for  power  and  for  repairs  to  keep 
the  factory  in  good  operating  condition.  The  power  plant 
should  be  considered  as  an  individual  unit,  and  the  cost  of 
generating  steam  and  power  carefully  determined.  The  cost 
of  operating  the  power  plaut  will  include,  besides  fixed 
charges,  such  items  as  labour,  repairs,  coal,  water,  and 
supplies.  Having  determined  the  cost  of  power,  each  depart- 
ment using  power  should  be  charged  with  its  correct  propor- 
tion of  this  cost.  If  it  is  not  feasible  to  record  the  power 
used  by  each  department,  the  consumption  should  be  esti- 
mated as  closely  as  possible.  Multiplying  the  number  of 
horse-power  hours  used  by  the  cost  per  hour  the  power 
charges  against  each  department  is  determined. 

In  a  large  plant  the  repair  department  should  also  be 
treated  separately,  and  its  burden  known.  The  original 
estimates  on  the  cost  of  repairs  in  departments  may  be  made 
fi'om  repair  department  records,  or  from  a  knowledge  of  the 
repair  materials  purchased,  the  pay  roll  in  this  department 
and  its  share  of  the  burden.  When  work  is  done  for  the  pro- 
ductive departments  such  work  should  be  charged  to  them 
in  the  same  maimer  as  it  would  be  by  an  outside  company. 
When  the  charges  are  accumulated  on  the  individual  repair 
job  they  check  the  estimate  in  each  department. 

The  labour  cost  for  foremen  will  be  part  of  the  burden 
of  moulding  and  core  making,  and  of  the  pattern  shop  and  car- 
penter shop  if  they  are  large  enough  to  have  charges  of  this 
kind.  Cleaning  labour  may  all  be  thrown  together  and 
assessed,  with  other  general  charges  as  a  cost  per  hundred 
pounds  on  all  the  work  done,  but  if  the  foundry  is  handling- 
large  castings  which  individually  take  several  hours  to  be 
cleaned  oi  chipped,  these  costs  should  be  charged  separately 
just  as  much  as  moulding  or  core-making  labour,  and  in  such 
cases  the  labour  of  foremen  will  be  charged  to  burden  as  in 
other  departments. 

Some  foundry  executives  may  question  the  importance  of 
dividing  overhead  or  burden  as  above  described.  Tliey  may 
believe  that  average  costs  for  metal,  moulding,  core  making, 
cleaning,  &c.，  are  all  that  is  necessary,  and  where  the  product 
is  uniform  a  fairly  good  control  of  foundry  operations  may  be 
secured  in  this  way.  However,  labour  costs  vary  widely  for 
moulding  and  core  making  on  castings  of  different  weights 
and  different  shapes.  It  is  the  difference  in  labour  cost  that 
attracts  attention,  but  it  takes  only  a  little  analysis  to  show 
that  there  is  a  burden  on  moulding  separate  from  that  on 
core  making.  If  an  accurate  distinction  between  the  cost  of 
light  and  heavy  castings  is  desired  it  is  essential  to  separate 
the  burden  costs  as  well  as  the  labour  costs,  and  charge  these 
burdens  in  proportion  to  the  work  actually  done  in  the 
respective  departments  and  not  as  a  flat  average  over  the 
entire  output. 

The  elements  of  cost  in  a  casting  are  the  cost  of  metal  at 
the  spout,  and  the  costs  of  moulding,  core  making,  and 
cleaning.  There  is  overhead  or  burden  to  be  reckoned  in  con- 
nection with  all  these  costs,  and  there  are  certain  general 
expenses,  as  for  power,  heat  and  light,  and  supervision,  that 
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iiiusl  be  considered  and  spread  in  an  a])pioj>riate  way  over 
the  product.  These  casts  will  be  acciuniilat od  on  the  job  cards 
lor  individual  prodm'ticMi  orders.  It  is  a  question  of  discre- 
tion as  to  just  what  a  production  order  should  cover.  In 
most  foundries  it  will  stand  for  a  class  of  pi'cxluct,  or  for  an 
individual  customer's  requirements,  l>u(  in  some  instances 
iiulividual  castings  will  lie  made  on  separate  production 
orders. 

A  job  card  should  provide  for  the  】unirs  and  ainount  of 
core  making  and  nioiilding  labour,  the  number  of  j)ouihIs  oI" 
good  and  defective  castings  made,  and  a  menioranduin  as  to 
the  loss  through  returns  and  allowances.  The  hours  and 
a  mount  of  core  making  and  moulding  labour  will  be  posted 
from  daily  labour  tickets,  and  tlie  weight  of  castings,  both 
good  and  defective,  from  the  daily  production  reports.  A 
nienioraiKluni  of  loss  by  returns  and  allowances  will  be 
obtained  from  tlie  accounting  department,  as  credits  are 
issued. 

The  burden  of  the  core-making  and  moulding  depart- 
iiieiits  will  be  applied  to  the  corre8j)ondiiiLj  labour  charges, 
preferably  on  t  he  basis  of  the  productive  hours  already 
charged. 

If  the  work  is  large,  cleaning  labour  aiid  burden  will 
appear  as  separate  items  on  the  individual  cards.  Any 
charges  for  patterns,  or  machine  work  that  may  be  done 
strictly  as  a  foundry  cost,  will  be  accumulateil  on  a  separate 
cost  card,  but  sliould  be  included  on  the  cost-of -casting  card 
under  the  heading  of     Other  charges. " 

The  cost  of  metal  at  the  spout  as  accumulated  in  the 
account  set  up  for  this  purpose  is  to  be  distributed  to  the 
job  cards  in  proportion  to  castings  made.  Some  niaiiageinents 
will  desire  to  have  the  material  cost  of  metal  and  the  cupola 
operating  or  conversion  cost  separately  on  the  production 
orders,  but  if  this  division  is  made  it  seems  logical  to  go  a 
step  further  and  show  cupola  material,  labour,  and  burden 
all  separately.  The  cost  of  the  metal  and  tlie  cupola  opera- 
ting costs  are  separate,  of  course,  on  the  cupola  report. 

Just  what  course  is  adopted  in  this  respect  will  depend  on 
the  view  taken  in  regard  to  defective  castings,  and  as  it  can- 
not always  be  known  whether  castings  are  defective  as  soon 
as  they  are  broken  out  of  the  sand,  it  seems  wiser  to  distri- 
bute all  of  the  cupola  costs  to  all  of  the  castings  made.  Those 
that  prove  defective  have  a  scrap  value.  If  this  is  regarded 
as  equal  to  the  average  cost  of  the  cupola  charge  the  cost  of 
the  defective  castings  will  be  merely  the  labour  and  burden 
(and  conversion  cost,  if  stated  separately)  which  has  been 
incurred  in  their  making. 

The  same  result  can  be  secured  by  xlistributing  the  cost  of 
metal  on  the  basis  of  good  castings  made,  and  distributing  the 
cupola  labour,  burden,  and  fuel  on  the  total  weight  of  cast- 
ings made,  both  good  and  defective.  A  total  will  be  obtained 
as  to  both  gross  weight  and  amount,  from  which  the  weight 
only  of  defective  castings  will  be  deducted,  if  the  metal  cost 
is  charged  on  the  basis  of  good  castings.  If  the  metal  cost 
is  oil  the  basis  of  gross  weight,  both  the  weight  and  value  of 
scrap  will  be  deducted.  According  to  either  plan,  this  will 
leave  the  net  weight  of  good  castings,  and  the  total  cost  of 
both  good  and  defective,  less  the  scrap  value  of  the  defective 
castings.  ' 

To  the  cost,  as  above  determined,  general  burden  should 
be  applied,  representing  miscellaneous  foundry  expenses,  at 
a  rate  per  lOOlbs.  The  main  elements  of  burden  in  a  foundry 
are  lo  be  recognised  and  distributed  as  charges  on  land  and 
buildings,  and  for  power  and  repairs,  but  after  the  best 
]>ossib]e  analysis  of  charges  of  this  character,  and  their  dis- 
tribution to  cupola,  and  to  the  departments  of  moulding,  core 
making,  cleaning,  &c.,  some  general  charges  will  remain  for 
such  items  as  general  supervision,  clerical  labour,  shipping, 
delivery,  and  the  cost  of  defective  castings  returned  from 
customers  (less  scrap  value).  If  the  product  is  fairly  uniform 
and  rather  small,  all  the  costs  of  cleaning  can  be  conveniently 
tlirowij  in  the  general  burden  on  a  pound  basis.  The  expense 
for  flasks  and  patterns,  including  repairs  as  well  as  fixed 
charges,  is  logically  pai't  of  the  moulding  burden,  but  this  is 
sometimes  thrown  into  general  burden. 

The  policy  of  different  foundries  will  naturally  vary  in 
respect  to  the  cost  of  new  patterns.  Tii  a  jobbing  foundry 
wliere  ihe  customers  own  the  pattenis  iliis  factor  will  not 
have  to  be  considered,  but  in  a  foundry  makiiicr  for  its  own 
machine  shop  it  will  be  considered  part  of  the  foundry  cost. 


The  general  upkeeep  of  pattenis  may  fairly  be  included  in 
moulding  burden,  but  the  cost  of  new  patterns  should  be 
accunuilated  on  individual  pattern  orders,  even  if  the  final 
charge  is  to  an  expense  account.  Patterns  are  an  asset  to  a 
certain  extent,  and  if  a  foundry  is  rapidly  increasing  its  line 
it  is  logical  to  increase  the  asset  in  patterns,  but  after  a  line 
has  been  fully  established  an  increase  in  tlie  assets  ou  account 
of  pattenis  should  be  made  very  cautiously,  and  practically  * 
all  cxj>ense  of  this  kind  charged  as  iitaiiitenance. 

To  complete  an  adequate  cost  and  accounting  plan  for  a 
found rv,  provision  should  be  made  for  suniniarisiiig  various 
records.  The  distribution  of  labour  and  materials  and  also 
the  development  of  burden  has  already  been  explained.  The 
total  cost  of  the  cupola  will  be  distributed  to  individual  pro- 
duction orders  or  job  cards,  according  to  one  of  the  two  plans 
outlined,  and  the  total  will  be  a  credit  to  the  cupola  account 
and  a  charge  to  individual  orders.  A  summary  of  the  produc- 
tion orders  in  respect  to  labour  and  departmental  burden 
will  provide  credits  to  the  respective  labour  and  burden 
accounts,  and  the  total  cost  of  the  finished  castings  wili  be 
charged  lo  an  account  called  "  Cost  of  Goods  Sold,  "  by  iudi- 
vidual  customers  if  iiiiinediately  shipped,  or  be  transferred  to 
a  machine  shop  inventory.  The  foundry  cost  cards  should 
provide  for  a  convenient  posting  of  shipments  (weight  and 
cost  value),  and  to  carry  forward  the  remainiug  inventory  to 
i  he  operations  of  the  next  period.  A  few  foundries  in ainlaiii 
a  stock  of  clean  "castings  that  have  not  been  machined,  -but 
this  is  almost  uniformly  for  ihe  benefit  of  the  niacliiiie  shop 
gather  than  the  foundry,  and  the  value  of  such  raw  castings 
is  niucli  better  transferred  to  the  raw  material  inventory  in 
the  machine  shop  rather  than  carried  as  inventory  of 
finished  work  in  the  foundry. 

On  continuous  jobs,  such  as  work  for  a  regular  customer, 
or  on  any  special  work  that  is  not  finished  in  tlie  month  in 
which  it  is  started,  there  will  be  material,  labour,  and  burden 
costs  in  the  succeeding  period,  in  addition  to  those  brought 
forward  from  the  previous  period.  The  balances,  both 
weights  and  cost  values,  determined  at  the  end  of  each  period 
(month  or  four  weeks)  are  an  inventory  of  work  in  process, 
and  the  total  of  the  balances  on  the  job  cards  should  agree 
with  the  controlling  account  in  the  general  ledger.  This 
book-keeping  agreement  should  be  established  as  a  matter  of 
course  every  period,  and  a  physical  inventory  should  be  taken 
and  compared  with  the  job  cards  from  time  to  time  as  may 
be  convenient,  so  that  the  management  may  be  sure  that  the 
values  and  the  weights  are  actually  on  hand.  Upon  each 
cost  card  there  should  be  provision  for  such  information  as 
the  selling  price,  cost  of  tlie  goods  sold,  gross  profits,  loss  on 
returns  and  allowances,  and  net  profit.  These  items  should 
be  proved,  by  means  of  summaries,  with  the  controlling 
accounts  in  the  ledger. 


LUBRICATION  OF  PRESSURE-FED  BEARINGS. 

The  accompanying  sectional  view  shows  a  supplementary  lubri- 
cating arrangement  for  bearings  to  which  oil  under  pressure  is 
normally  supplied,  the  invention  of  the  Ljungstrom  Turbine 
Works,  of  Finspong,  Sweden.  In  this  arrangement  an  oil  reser- 
voir placed  above  the  bearing  is  by  means  of  a  branch  pipe  con- 
nected with  oil  grooves  in  such  a  marmei'  that  oil  is  pressed  uj) 
into  and  fills  the  reservoir  during  the  time  the  oil  supply  to  the 
bearing  takes  place,  but  automatically  is  led  to  the  bearing  and 
lubricates  same  when  the  oil  supply  ceases.  Referring  to  the 
illustration  A  indicates  the  shaft  and  B  the  bearing.  The  bearing 
is  provided  with  loniritiidinal  oil  grooves  C,  and  is  connected  with 
a  pres8ure  oil  pipe  D,  through  which  the  oil  under  pressure  is 
supplied  to  the  bearing  from  the  oil  puni])  (not  shown).  A  branch 
])ipe  E  of  comparatively  small  diameter  is  led  from  the  bearing 
from  the  grooves  C  to  a  nozzle  F  ；  for  example,  a  ditt'user  that  is 
|)lacocl  in  an  oil  reservoir  G  above  the  hearing.  The  nozzle  has 
its  outlet  into  an  oil  cup  H  above  the  reservoir  G,  so  that  thr 
volume  of  oil  pouring  over  the  edge  of  the  nozzle  can  be  seen. 
Tho  nozzle  is  further  provided  with  one  or  several  openings  J 
near  the  base  of  the  reservoir  G.  For  leading  the  surplus  oil  back, 
for  example,  to  the  oil  pump  there  is  provuled  an  outlet  pipe  K, 
the  upper  ond  of  which  is  at  a,  sui table  height  in  tho  cup  H  Leiow 
t he  l(^V('l  of  thi'  to])  of  nozzle  F  ；  this  by  moans  of  a  groove 
Tj  ill  tli(*  hearing  casing  coinimmicates  witli  the  oil  piunp. 

The  arranoenient  works  in  tho  following  way  :  When  the  oil 
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is  started  a lul  nil  r 。； ims  in  thi'dii^li  I  lie  pressure 
|ti  [)('  I)  it  will  ill  so  l)c  [ir('ss(»(l  ii|>  t  limugli  t  lio  small  pi 
h]  so  thai  ( lio  oil  reservoir  "  will  1"、  lillcd  with  oil,  iis 
well  as  1 1"、  oil  cu|)  H  to  the  ('(l,ii(、  of  t ho  outlet  pipe  K. 
It  should  he  (山 served  tli;ii  the  oil  (lurin,i>-  tl"、  time  it  is  su|)])li('<l 
mul(T  inrssurc  to  the  hoiiriny  cjumot  stroniu  hiick  to  sainc  throuiih 
I  ho  opcuinjis  J,  as  tlu*  oil  (>"  ivt'coiuit  of  the  kitH'tic  i、n(Tg'y  of  tli(> 
oil  jet  u\  tho  pipe  1^  will  pass  the  holes  J  and  stmvni  m'(T  the  ('(igc 
of  tho  nozzle  h\  Tl"'  surplus  oil  is  by  moans  of  ihv  out K^t  pijx' 
l\  bi-oujiht  back  to  tho  oil  puiup  through  tho  chaiun'l  L.  11:  J  or 
soino  reason,  for  example  tho.  breakino;  of  the  coupling  to  the  oil 
pmiip  the  oil  .supply  in  the  pressure  pipe  D  ceases,  the  supply  to 
and  tlie  ，m、ssim、  in  tho  pipo  E  will  also  coaso.  Oil  from  tho 
r(\sorv(>ir  (！  will  thus  ])a8S  back  to  the  hearing  through  the  holos 
J  on  account  of  its  own  pressure  and  thus  lubricate  tho  bearing 
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hI.so  whon  the  pressure  in  the  main  lubricating  pipe  has  ceased. 
This  is  of  very  great  importance,  especially  in  turbo-niachiiierv, 
as  in  these  the  bearings  must  always  be  lubricated,  otherwise  th(\v 
will  be  severely  damaged,  which  in  most  cases  will  destroy  tJie 
turbine.  The  arrangement  has  also  the  advantage,  that  if  the 
.starting  valve  of  the  tur))in o  is  automatically  closed  ；  for  example, 
on  sudden  stopping  of  the  oil  pump  the  turbine  bearings  will 
'still  be  lubricated  during  the  whole  time  the  turbino  will  need  to 
come  to  rest.  If  the  oil-pressure  pipe  should  break,  the  present 
supplementary  lubricating  arrangement  will  also  be  of  service. 


The  Journal  of  the  Municipal  School  of  Technology,  Manchester. 

― We  have  received  from  the  Manchester  School  of  Technology 
a  copy  of  Vol.  8  of  its  Journal.  As  the  technical  product  of 
its  own  students  in  the  way  of  type-setting  and  printing,  the 
publication  is  in  every  way  first  class,  and  it  is  equally  credi- 
table as  a  record  of  the  contributions  by  its  students  and 
teaching  staff  to  the  proceedings  of  various  technical  and 
scientific  societies.  The  papers  range  over  a  wide  area,  and 
include  one  by  W.  C.  Popjilewell,  M.Sc,  on  "  The  Connec- 
tion between  Elastic  Phenomena  and  Slow  Reversals  of 
Stress,"  reproduced  from  the  Proceedings  of  the  Institution  of 
Civil  Engineers  ；  a  second  by  J.  T.  Hodgson  on  "  Modern 
Boiler-room  Practice,"  read  before  the  Manchester  School  of 
Technology  Textile  Society  ：  a  third  by  Messrs.  H.  F.  Coward, 
C.  Cooper,  and  J.  Jacobs  on  "  The  Ignition  of  Gaseous  Mix- 
tures by  the  Electric  Discharge  "；  a  fourth  by  Messrs.  H.  F. 
Coward  and  Brinsley  on  "  Tlie  Limits  of  Inflaiiiniability  of 
Gaseous  Mixtures."  O titers  include  such  subjects  as  "  Tlie 
Ifistoiy  of  Dyeing,"  "  The  Coninuitation  of  C.C.  Generators 
and  Ilolary  Converters/ '  "  The  Deterniiiiation  of  Carbon 
Monoxide  in  Air,"  "  The  Edecfc  of  Structure  on  the  Stiengtli 
of  C'iotli,"  &c.  The  journal  altogether  is  a  high  tribute  not' 
only  to  tlie  excellence  of  the  work  which  is  being  performed 
at  this  leading  British  school  of  technology,  but  to  the  higli 
standing  and  repute  of  its  teaching  staff. 
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(f  'iiitcl  11(1  cil  j  roiii  juif/c  '/',''、'•) 
'〃〃.  -It  is  perhaps  not  unnatural  iliai  the  wrilor's 
views  as  to  selling  methods  and  selliii*;  organisation  slioiild  be 
influenced,  to  some  extent,  by  his  own  ^experience—  an  expe- 
rience extending  over  many  years ― in  the  marketing  of  elec- 
trical machinery,  turbo  generatiikg  plant,  &c.  At  any  rate,  the 
author  would  like  it  to  be  understood  that  his  remarks  as  to 
selling  organisation  apply  more  particularly  to  this  type  of 
engineering  product.  His  reason  for  this  statement  being  tliat 
the  engineering  industry  embraces  so  many  different  varieties 
and  classes  of  work  as  to  render  it  impossible  to  outline  a 
selling  organisation  which  would  suit  equally  well  all  branches 
of  the  profession  ；  it  being  obvious  that  tlie  organisation  for 
the  sale,  of  say,  marine  engines,  w ill  differ  fundaTTientally 
from  that  required  for  the  sale  of,  say,  motor-cars  or  sewing 
machines.  Nevertheless,  it  is  hoped  that,  some  of  Uie  sugges- 
tions  made  in  this  paper  on  organisation  generally,  togetlier 
with  the  hints  to  selling  engineers,  may  he  of  value,  and 
capable  of  application  in  the  selling  forces  of  all  brandies  of 
engineering.  Further,  the  organisation  sketched  hereafter  in 
this  paper  is  intended  to  be  capable  of  transacting  business 
on  the  largest  scale,  not  only  in  the  United  Kingdom,  but 
throughout  the  British  Empire.  Having  thus,  to  some  extent, 
made  the  viewpoint  of  this  paper  clear,  it  may  not  be  inappro- 
priate at  this  point  to  consider  the  value  of  salesmaiisliip, 
and  subsequently  what  a  comprehensive  selling  organisation 
should  consist  of. 

Tlie  Value  of  S<flf'><ni(nis}iip, ― The  selling  engineer  may  be 
considered  the  life-sap  of  any  manufacturing  concern,  as  upon 
the  results  of  his  activities  the  success  of  the  industry  largely 
depends.  The  chief  object  in  manufacturing  is  to  effect  a 
profit  and  the  source  of  income  is  contingent  upon  the  sale 
of  the  product.  The  most  efficient  factory  organisation  can  be 
iiullified  by  poor  selling.  It  has  been  said  that  it  is  difficult  to 
over-estimate  the  value  of  a  good  selling  engineer  of  long  and 
wide  acquaintance  in  the  district  in  which  he  is  to  operate.  The 
value  of  good  salesmanship  is  not  yet  fully  appreciated  in  this 
country.  The  fact  that  "  salesmanship "  is  regarded  as  a 
science  in  the  United  States  will  come  as  a  revelation  to  most 
of  us.  If  we  are  to  depose  the  Germans  after  the  war  we 
must  radically  improve  our  methods  of  sale. 

In  the  past  British  manufacturers  have  paid  little  attention 
to  their  selling  organisations  as  compsred  with  Germany  and 
America.  Admittedly,  our  methods  have  improved  during  the 
last  decade,  but  we  are  still  far  behind  our  foreign  competitors. 
Perlia))s  one  reason  for  this  is  due  to  the  system  that  has  grown 
up  amongst  certain  manufacturers,  who,  lacking  a  sales 
organisation  of  their  own,  appoint  a  large  number  of  agents 
on  commission  only  to  make  up  the  deficiency.  This  system 
is,  no  doubt,  dictated  for  reasons  of  economv,  but  with  a  few 
exceptions  it  is  a  mistaken  policy  and  is  not  calculated  to 
secure  the  best  results,  as  it  prevents  the  manufacturer  from 
getting  in  that  close  touch  with  his  clients  which  is  so  con- 
ducive to  further  business. 

Sf'I/inf/  lie lirtse iifafi vts. —— Many  manufacturers  seem  to 
tliiiik  a  good  sales  organisation  consists  in  appointing  a  large 
number  of  agents  or  travellers  on  commission,  and  further, 
til  at  in  consequence  advertisement,  is  unnecessary.  This  is 
a  fallacy.  These  agents ― usually  most  estimable  men ― accept 
these  agencies  and  "  go  on  the  road  "  without  any  special 
training  or  knowledge  of  the  product  they  are  handling,  or 
anv  executive  power  to  make  a  deal  "  if  the  opportunity 
arises.  Much,  no  doubt,  can  be  said  for  the  employment  of 
agents,  but  in  engineering  work  consulting  engineers  and 
buyers  generally  grow  tired  of  interviewing  representatives  of 
this  kind  ；  what  they  require  to  see  is  the  equivalent  of  a 
])i'in('ipal. 

Tlie  1  i'aiiiing  of  a  selling  engineer  is  dealt  with  in  a  sub- 
sequeiii  section  of  1  liis  paper.  Tlie  author  liere  confnies 
Itimself  to  saying  that  the  expert  selling  representative  of  the 
future,  after  proper  training   in  the  various  departments, 

*  Paper  read  before  the  North-east  Coast  Institution  of  Kngiiieers  and  Ship- 
builders. 
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should  be  able  to  answer  questions,  to  give  ad  vice,  to  take 
particulars,  aud,  in  cases  of  necessity,  prepare  an  estimate 
and  conclude  a  contract.  Such  a  man  may  possibly  cost- 
more  than  an  agent,  but  the  increased  results  and  greater 
satisfaction  to  purchasers  will  warrant  the  expenditure,  and 
prove  to  lie  a  good  investment.  Statistics  prove  that  of  those 
entering  the  ranks  of  salesmanship,  only  5  per  cent,  succeed. 
Success  does  not  come  easy  even  with  the  best  of  equipment, 
and  it  is  strange  that  greater  stress  is  not  laid  by  both 
employers  and  salesmen  upon  the  necessity  of  thorough 
preparation  for  sales  work.  Referring  to  the  lack  of  training, 
one  American  writer  rather  forcibly  states  :  "It  is  commercially 
criiniual  for  any  company  to  provide  its  representatives  with 
expense  money,  railroad  timetables,  catalogues,  price-books, 
and  practically  no  other  qualifications  except  brazen  nerve, 
and  inflict  these  trade  ambassadors  upon  a  long  suffering 
commercial  public." 

A  T 1/ picul  Selltrif/  Organimtion . — One  of  the  first  points  to 
be  considered  in  a  maiuifacturing  business  is  the  market  for 
the  product,  and  the  best  methods  of  reaching  and  holding  that 
market.  This  requires  a  selling  organisation,  the  nature  of 
which  depends  upon  the  type  of  product  to  be  disposed  of，  the 
area  or  territory  to  be  covered,  and  the  volume  of  business  it  is 
proposed  to  deal  with.  As  these  factors  vary  in  every  busi- 
ness, it  is  impossible  to  ontliue(  an  organisation  suitable  for 
all  classes  of  trade.  As  an  alternative  to  outlining  a  hypothe- 
tical selling  organisation,  it  may  be  preferable  to  very 
briefly  describe  an  organisation  with  which  the  author  is  asso- 
ciated. This  organisation  is  perhaps  the  largest  and  is 
reputed  to  be  one  of  the  most  efficient  of  its  kind  existing. 

Sales  Organisation 
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Within  the  limits  of  this  paper,  members  will  appreciate  that 
it  is  not  possible  to  enter  into  much  detail  or  do  more  in  fact 
than  give  a  skeleton  outline  of  the  organisation  referred  to. 
Fig.  10  indicates  the  general  scheme. 

The  Works'  Commercial  Department  (of  which  the  outside 
selling  staff  is  a  part)  is  under  the  direction  of  a  general 
s?iles  manager  to  whom  the  district  office  managers  and  special 
representatives  report,  through  the  manager  of  home  sales. 
The  Works'  Correspondence  Department  is  an  integral  part  of 
the  Commercial  Department,  and  forms  a  connecting  link 
between  the  district  offices  and  the  engineering  departments. 
The  varied  and  technical  nature  of  the  products  to  be  marketed 
calls  for  high-class  men  as  representatives,  and  a  large  number 
of  such  men,  as  it  is  essential  that  the  relations  with  customers 
should  be  closer  than  is  necessary  in  many  other  lines  of 
business.  These  same  conditions  require  that  the  company's 
representatives  should  live  in  the  same  district  as  its  customers, 
with  the  result  that  a  system  of  local  or  what  are  termed 
district  offices  lias  been  created,  one  in  each  natural  market  of 
territory,  controlling  sufficient  business  to  warrant  its  existence 
and  so  constituted  as  to  meet  the  demands  of  what  territory 
and  the  customers  it  has  to  serve.  Stated  briefly,  there  are 
eight  district  offices  situated  in  the  largest  towns  in  the  chief 
manufacturing  centres  of  the  United  Kingdom.  Similarly 
abroad,  four  district  offices  are  situated  in  Johannesburg, 
Calcutta,  Bombay,  and  Melbourne,  and  are  supplemented  with 
a  number  of  agents  located  in  territory  not  covered  by  the 
company's  own  oifices.  The  export  business  is  done 
through  the  office  of  the  manager  of  export  sales  European 


business  is  done  through  the  French,  Italian,  and  Norwegian 
allied  companies.  In  the  case  of  Russia  and  Spain,  the 
business  is  done  through  export  agencies  controlled  by  branch 
offices. 

From  the  above  it  will  be  seen  that,  aided  by  agents  and 
allied  companies,  this  selling  organisation  covers  the  whole  of 
the  British  Empire,  including  a  considerable  portion  of 
Europe.  The  total  orders  secured  by  this  force  are  remitted 
to  TrafTord  Park  and  manufactured  at  one  works  employing 
9,000  hands.  Each  district  office  and  works  selling  repre- 
sentative is  provided  with  two  loose-leafed  pocket- books  ；  one 
of  these  is  a  series  of  price-sheets  giving  the  latest  prices  of  all 
the  standard  apparatus  manufactured  by  the  company.  The 
leaves  of  this  book  are  revised  and  re-issued  from  time  to  time 
by  the  Price  Department  as  prices  or  standards  change,  or 
new  apparatus  is  introduced.  The  other  book  contains  a  set 
of  technical  data  referring  to  the  standard  apparatus,  which 
is  also  kept  up  to  date  in  a  similar  manner.  Each  district 
office  is  also  provided  with  specifications  of  standard  apparatus, 
outline  drawings  and  diagrams  of  connections,  &c -，  and  a 
proper  stock  of  literature  descriptive  of  the  company's 
apparatus,  so  that  with  these  aids  the  district  office  represen- 
tative is  able  to'  handle  all  ordinary  enquiries  for  standard 
apparatus  without  reference  to  the  works.  When  the  pur- 
chaser'.s  requirements  cannot  be  met  by  means  of  standard 
apparatus,  or  when  there  is  some  doubt  in  the  selling  engi- 
neer's mind  upon  this  point,  the  enquiry  is  referred  to  the 
works. 

Up  to  this  point  the  customer  has  dealt  with  one  man  who 
has  a  general  knowledge  of  his  requirements,  but  now  his  case 
is  put  into  the  hands  of  experts  who  have  specialised  in  the 
particular  commodity  which  is  the  subject  of  his  enquiry.  In 
the  case  of  an  enquiry  covering  various  apparatus,  it  is  felt 
that  it  would  be  disconcerting  and  annoying  to  the  customer 
to  have  to  deal  with  a  number  of  correspondents  in  different 
departments.  An  arbitary  rule  is,  therefore,  made  which 
determines  that  enquiries  covering  certain  materials  shall 
be  dealt  with  by  one  Commercial  Department  Any  corre- 
spondence with  the  customer  or  the  district  office  respecting 
this  enquiry  will  come  through  that  department's  hands,  and 
any  information  required  on  other  items  in  the  enquiry  that 
do  not  come  under  that  department's  supervision  must  be 
obtained  by  it  from  the  other  departments  at  the  works,  and 
embodied  with  the  other  information  sent  to  the  purchaser. 

Each  Commercial  Department  at  the  works  is  controlled  by 
a  sales  manager  who  has  under  him  a  staff  of  correspondents 
and  one  or  more  selling  engineers.  The  works'  selling  repre- 
sentatives are  specialists  and  are  called  in  by  the  district 
offices  to  assist  in  particular  cases  where  special  knowledge 
is  required.  For  each  Commercial  Department  at  the  works 
there  is  a  corresponding  Technical  Department  which  gives 
the  necessary  technical  information  respecting  the  matters 
under  consideration  to  the  Commercial  Department  to  trans- 
mit to  the  customer.  Should  the  tender  be  successful  and 
result  ill  an  order,  the  correspondence  respecting  that  order 
is  undertaken  by  one  of  the  Commercial  Departments  at  the 
works.  A  similar  rule  to  that  mentioned  above  determines 
which  department  shall  handle  the  whole  correspondence  for 
any  particular  order.  It  is  then  the  function  of  the  Commer- 
cial Department  to  clear  up  any  doubtful  points  and  to 
instruct  the  Technical  Department  to  put  the  work  in  hand 
in  accordance  with  the  customers'  requirements.  The  Tech- 
nical Departments  then  issue  their  instructions  to  the  factory 
and  to  the  Drawing  Office  for  the  carrying  out  of  the  work. 
Thus  by  easy  stages  from  the  preliminary  enquiry  which  was 
handled  by  the  district  office  salesman  and  which  might 
comprise  a  great  variety  of  articles  all  manufactured  in 
different  parts  of  the  works,  the  required  information  is,  as 
it  were,  sorted  and  distributed  in  a  fan-like  direction  so  that 
the  specialised  workmen  who  may  be  spending  the  whole  of 
their  lives  in  assembling  one  small  piece  of  apparatus 
are  finally  brought  in  to  satisfy  the  ascertained  requirements 
of  the  purchaser. 

Besides  the  Commercial  Departments  mentioned  above, 
there  are  the  Publicity  and  Statistical  Departments,  engaged 
in  sales  promotion,  whose  function  it  is  to  com  pile  and  analyse 
statistics,  to  produce  catalogues,  leaflets,  and  other  literature 
describing  the  various  manufactures  of  the  company,  and  by- 
press  and  other  forms  of  advertising  widen  the  market  for 
the  sale  of  the  company's  goods,  and  generally  co-ordinate  the 
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results  obtained.  It'  would  raise  too  wide  a  subject  to  go  into 
the  benefits  of  advert ising,  publicity,  t、'c.，  in  a  paper  of  tliis 
nature,  though  it.  will  doubtless  be  recognised  by  all  that  the 
proper  carrying  out  of  a  well  thought  out  advertising  policy 
is  essential  and  of  very  great  assistance  to  the  selling  force. 
A  confidential  bulletin  is  jniblislied  once  a  montli  for  the 
inforinatiou  of  salesmen  and  lieads  of  (jepartmeuts  in  order 
to  let  them  know  wliat  is  going  on  in  other  branches.  Also  a 
monthly  house  organ  is  published  and  distributed  to  important 
j)urchasers,  giving  descriptions  of  the  work  executed  by  ilie 
company,  and  articles  of  general  interest  by  one  or  other  of 
the  experts  which  they  employ.  A  comprehensive  mailing 
list  (containing  approximately  30,000  addresses)  is  on  file. 
This  list  is  sectionalised  into  various  trades  to  which  suitable 
literature  and  special  publications  are  forwarded  from  time  to 
time,  as  issued.  The  reason  for  this  classification  is  to 
ensure  the  right  literature  reaching  the  right  customer  ；  it 
being  obviously  a  waste  of  money  to  send  a  shipyard  an  expen- 
sive publication,  say,  on  electric  winding-engines  for  collieries. 

District  Office  Organisation. ― This  should  be  as  simple  as 
possible  with  one  head,  usually  known  as  district  manager. 
Working  under  his  direction  are  the  selling  engineers,  erec- 
tion and  clerical  staff.  It  is  hardly  necessary  to  define  the 
qualifications  of  a  district  manager.  Business  concerns 
usually  make  use  of  the  best  material  available  in  their 
employ.  Apart  from  the  essential  requirements  of  honesty, 
reliability,  and  intelligence,  he  should  be  a  good  judge  of 
human  nature,  and  have  had  sufficient  experience  to  use  such 
judgment  to  advantage.  An  engineering  education  and 
experience  is  usually  considered  an  essential,  and  unless  a  man 
has  had  such  education  and  experience,  he  must  have  all  the 
other  qualifications  remarkably  well  developed  to  be  able  to 
occupy  his  position  successfully.  He  should  have  a  thorough 
knowledge  of  the  apparatus  he  has  to  sell,  together  with  a 
knowledge  of  the  established  customs  and  policy  of  the  com- 
pany. 

A  district  office  staff  should  be  selected  with  care.  It  is 
the  natural  inclination  to  secure  additions  to  the  staff  from 
the  works  organisation,  as  the  knowledge  of  the  details  of 
apparatus  brought  into  the  office  by  a  man  from  the 
works  is  of  great  value.  Such  a  man  also  is,  as  a  rule, 
only  selected  on  account  of  his  superior  intelligence,  and  is 
promoted  to  the  district  office  after  a  more  or  less  extended 
experience  in  the  works  departments.  Needless  to  say  the 
clerical  staff  should  be  kept  at  a  minimum  by  a  proper  system 
of  keeping  records,  files,  &c.  It  is  unnecessary  to  offer  any 
comments  on  this  subject. 

It  is  hoped  that  the  above  rather  disjointed  remarks  will 
give  a  general  impression  of  a  typical  selling  organisation. 
Much  detail  is  necessarily  omitted,  but  sufficient  has  been  said 
to  indicate  the  lines  on  which  it  operates.  Finally,  it  may  be 
of  interest  to  add  the  organisation  described  deals  with  a 
turn-over  aggregating  between  £2,000,000  and  £3,000,000  per 
annum,  one  or  more  of  the  district  offices  in  question  dealing 
with  an  annual  turnover  of  £500,000.  Some  of  the  sales  are 
obtained  as  the  result  of  individual  effort,  whereas  others  are 
only  secured  by  bringing  all  the  salesmanship,  all  the  engi- 
neering talent,  and  all  the  influence  of  every  sort  available 
in  the  company  into  play 

This  section  perhaps  might  be  usefully  concluded  by  offer- 
ing one  or  two  suggestions  for  the  use  of  those  who  control 
a  selling  staff.  Daily  report  forms  are  provided  by  most  firms 
nowadays  for  their  salesmen  to  fill  in.  These  should  be  carefully 
scrutinised,  with  a  view  to  counteracting  any  tendency  upon 
the  part  of  a  salesman  to  become  too  set  with  one  particular 
clique,  to  the  avoidance  of  the  more  difficult  and  less  con- 
genial interviews.  Whenever  possible,  an  encouraging  word 
from  the  director  or  manager  shculd  be  given,  as  undoubtedly 
the  present-day  work  of  a  salesniau  is  especially  hard,  and  the 
result  of  a  succession  of  rebuffs  is  bound  to  reflect  in  the 
working  of  the  man.  This  disappointment  can  usually  be 
cleared  away  by  a  few  well-chosen  words  of  encouragement 
from  the  "  chief." 

Where  a  number  of  selling  engineers  are  em  ployed,  oppor- 
tunities should  be  given  for  intercourse  between  them.  The 
idea  adopted  by  some  firms  of  calling  a  meeting  quarterly 
with  the  directors  and  works  departmental  managers  is  a 
good  one.  Points  possibly  in  dispute  between  the  manufac- 
turing and  sales  side  are  discussed,  the  future  policy  of 
the  company  explained,  new  apparatus  or  modifications  to 


exist  ing  ])roductH  described,  and  t  he  general  cxd'ange  ol'  ideas 
lias,  ill  the  writer's  experience,  been  t'miml  to  be  t- xl  renicly 
useful. 

It  is  not  proposed  ")  deal  wit  li  t  he  (jvicsl  ion  of  Wxa  reiiiuner- 
ation  of  salesiiuMi.  This  lar^^ely  (Jep('ii(lH  \\\h)\\  Mu^  class  of 
product  haiulletl,  scope  for  liusiiiess,  &('.  The  fixed  salary 
and  expenses  plus  a  cornniission  on  the  profits  above  a  cert  aiii 
ligure  is  probably  the  best-  of  all  arrargernenf s,  and  ('； i Iciilal 
lo  meet  t  lie  interests  of  both  sides. 

Some  men  soon  fall  victims  to  the  well-worn  cry  of  ''  price." 
Where  iliere  is  known  to  be  good  business  obtainable,  provided 
tlie  quality  of,  the  product  is  right,  i.e.,  the  goods  well  up  to 
market  standard,  backed  by  good  service  and  prompt  delivery, 
this  cry  should  be  promptly  stopped.  It  does  not  require  a 
" salesman  "  to  dispose  of  th6  cheapest  materials.  Tlie  price 
cry  is  really  a  disease,  and,  like  laziness,  requires  to  be  effec- 
tively dealt  with.  If  a  man  does  not  show  up  to  advantage 
in  the  first  year  of  his  working,  a  different  locality  might  wit  li 
advantage  be  given  him. 

Referring  to  the  "  service  "  made  use  of  above,  a  poiiii 
which  is  often  imperfectly  appreciated  is  that  nowadays  cus- 
tomers buy  not  merely  apparatus  but  service,  which,  besides 
including  the  apparatus,  covers  technical  advice,  guidance 
during  erection,  instructions  re  operation,  &c.  The  various 
items  of  service  mentioned  are  not  necessarily  carried  out  by 
the  selling  staff,  but  by  other  members  of  the  organisation. 
Nevertheless,  carelessness  or  incompetence  in  connection  with 
any  one  of  the  services  would  give  reasonable  ground  for 
dissatisfaction,  and  prejudice  the  prospects  of  securing  future 
business. 

Trainuif/  for  the  Ind u^trlaJ  Side  "f  pj  nyineeruuj. —— The 
need  for  training  and  preparation  for  sales  work  for  tlie  selling 
engineer  of  the  future  has  already  been  emphasized  in  these 
notes.  It  is  here  proposed  to  very  briefly  outline  what  is 
being  done  in  this  and  other  countries  with  a  view  to  training 
youths  for  commercial  and  technical  positions.  In  Germany, 
this  training  has  been  dealt  with  on  a  national  basis.  In 
America,  a  similar  movement,  but  on  different  lines,  has  been 
strongly  supported  by  engineering  and  ether  manufacturers. 
In  Great  Britain,  whilst  a  good  deal  has  been  done  for  the 
training  of  the  technically  educated  man,  comparatively  little 
has  been  done  to  provide  the  best  possible  training  for  youths 
who  are  to  become  skilled  workmen. 

Some  works  make  no  effort  at  all  to  train  men  for  tech- 
nical positions,  and  rely  on  recruiting  their  staff  froin  otlier 
firms,  a  policy  which  in  the  long  run  is  very  short-sighted. 
Apprentices  can  be  broadly  divided  into  two  grades,  namely, 
those  training  for  non-technical  employment,  usually  styled 
'( trade  apprentices,"  and  those  for  positions  iu  which  technical 
training  is  essential,  usually  known  as  "  college  apprentices." 
The  following  remarks  may  be  taken  as  applying  more  particu- 
larly to  the  latter,  as  it  is  from  this  class  that  vacancies  for  the 
various  kinds  of  technical  employment  are  filled,  including 
commercial  or  selling  engineers. 

The  need  for  well-trained  engineers  for  the  commercial  and 
selling  side  is  becoming  more  and  more  apreciated  by  manufac- 
turers. From  the  point  of  view  of  the  technical  student,  how- 
ever, there  is  sometimes  a  tendency  to  regard  this  branch  of 
employment  as  suitable  for  one  who  has  not  pursued  his  college 
career  very  energetically,  and  for  which  strenuous  training  is 
not  so  essential  as  in  the  case  of  tlie  other  manufacturing 
positions.  This  is  an  erroneous  idea,  since  sound  teclinical 
knowledge  and  a  considerable  amount  of  practical  training  are 
nowadays  almost  indispensable  for  a  successful  selling  engineer 
especially  in  the  many-sided  electrical  industry.  The  tech- 
nical positions  in  engineering  manufacture  referred  to  above 
are  as  follows  :  (1)  The  works  side ― comprising  such  positions 
as  works  and  departmental  managers  together  with  assis- 
tants in  the  inspection,  testing,  estimating,  and  draughting 
departments.  (2)  Designers.  (3)  Commercial  or  selling 
engineers. 

It  may  perhaps  at  first  be  thought  that  these  notes  upon 
the  training  for  technical  positions  are  somewhat  of  a  digres- 
sion from  the  subject  of  this  paper.  It  should  be  pointed 
out  that  up  to  a  certain  point  the  iiaining  of  youths  for  the 
manufacturing  and  commercial  sides  is  identical,  and  it  is 
often  not  until  their  technical  and  practical  training  has  been 
completed  that  an  apprentice  decides  which  side  he  will  take  up 
Further,  the  author  is  seeking  to  indicate  what  the  training 
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of  the  future  selling  engineer  should  be,  rather  than  what  it 
has  been  in  the  past. 

Engineering  training  in  this  country  consisted  until  a  few 
years  ago  ])riucipallv  of  a  j)ractical  apprenticeship  or  pupilage 
course  in  works,  and  only  comparatively  recently  has  it  been 
fullv  recognised  that  training  is  not  complete  unless  it  also 
comprises  a  course  of  technical  study.  In  Germany,  the 
ini])ortance  of  the  technical  side  of  engineering  training  has 
become  universally  recognised,  and  comparatively  little  impor- 
tance is  attached  to  the  practical  side  of  an  engineer's  train- 
ing. In  recent  years,  however,  it  has  become  a  recognised 
practice  for  a  young  engineer  to  spend  one  year  on  a  practical 
course  in  works.  The  technical  course  in  engineering  extends 
over  at  least  four  years. 

Comparing  generally  the  Englisii  ami  German  systems, 
there  is  no  doubt  that  the  facilities  for  technical  training 
in  t  he  latter  country  are  miicli  superior  to  those  in  the  former  ； 
while  on  the  other  hand,  as  regards  practical  training,  the 
English  system  is  on  quite  different  lines,  and  much  more 
thorough.  In  Germany,  the  general  education  is  carried 
further,  and  the  complete  course  is  finished  at  a  much  later 
age  than  in  England. 

In  America,  numerous  engineering  colleges  and  training 
institutions  have  been  built  and  expensively  equipped,  most  of 
t  hem  being  heavily  endowed  l)y  wealthy  patrons.  Attempts 
liave  been  made  to  embody  practical  training  on  a  fairly 
large  scale  with  the  college  course  ；  further,  there  are  ample 
facilities  for  obtaining  practical  experience  in  works— the 
demand  from  firms  usually  exceeding  the  supply.  The  com- 
plete college  course  varies  from  four  to  six  years  and  this  may 
be  followed  1)y  from  six  months  to  two  years'  practical  train- 
ing in  works.  Comparatively  few  facilities  for  evening 
technical  study  are  provided  in  the  engineering  colleges. 

In  England,  the  opinion  in  the  past  has  been  very  divided 
as  to  the  best  lines  upon  which  an  engineering  training  should 
be  carried  out.  The  older  school  clung  firmly  to  a  purely 
practical  training,  the  newer  school  pinned  its  faith  to  theo- 
retical trainiug,  more  or  less  at  the  expense  of  practical  train- 
ing. Of  late  years,  all  engineering  authorities  are  agreed 
1  hat  a  period  of  technical  as  well  as  practical  training  is 
essential.  A  satisfactory  training  would  be ― after  a  sound, 
general  education  extending  to  tlie  age  of  16  or  1 7  years— a 
three-year  period  of  eel  neat  ion  in  engineering  science  spent 
at  a  technical  college,  and  a  similar  period  in  practical  engi- 
neering work.  There  are  various  methods  of  obtaining  the 
above  traiiiingf,  viz. :  (a)  By  a  short  period  of,  say,  a  year  in 
works,  tlien  a  technical  course  followed  by  a  works  appren- 
ticeship. (A)  By  taking  a  complete  technical,  and  tlien  a 
works  course.  (r)  By  saudwicliiiif^  iecliiiical  and  works  t  rain- 
ing in  varying  periods. 

There  are  advantages  in  favour  of  each  of  the  above  methods, 
and  whilst  in  any  prefer  the  sandwich  system,  the  writer 
favours  the  "  college  first  "  as  being  preferable.  Wliicliever 
nietliod  is  adopted,  it  is  desirable  tliat  the  training  should 
terminate  in  the  works,  since  a  better  opportunity  is  afforded 
i he  student  for  obtaining  permanent  employment  with  the 
firi"  in  which  he  has  obtained  his  training.  The  teclniical 
authorities  seem  to  agree  that  it  is  extremely  difficult  for 
a  youth  who  has  been  engaged  in  manual  or  other  labour 
during  the  daytime  to  study  effectively  liis  technical  education 
in  the  eveninf^.  Experience  shows  that  the  day  student 
brings  a  fresher  mind,  ami  is  }>elter  able  to  use  his 
faculties  tlian  the  evening  student.  Extraordinarily  good 
work  has  been  done  by  the  latter,  but  tins  is  tlie  exception 
rat  lier  than  tlie  rule. 

As  the  author's  company  has,  during  the  past,  12  years, 
t  rained  engineering  apprentices  on  certain  well-defined  lines, 
a  brief  description  of  t lieir  plan  of  t rainino-  may  be  of  interest. 
The  ai)j)reiiticesliij)  courses  are  divided  into  two  classes  as 
follows  : ― 

y 〃力 ( '<Hf !•■•<*■.  ―  Young  men  of  the  age  of  20  and 
upwards  wlio  liave  had  a  thorough  scientific  training  at  a 
University  and  possess  an  Honours  Degree  in  engineering 
are  admitted  to  a  two-year  course  of  apprenticeship  on  tlie 
recorriTTiendation  of  their  college  authorities. 

77〃'"'-〃〃〃' 广"〃 /■.、？.  一  Young  men  of  from  18  to  20  wlio 
liave  liad  a  teclniical  education  are  appreni iced  for  three 

years. 

Fitm-jfffu'  ('oin.^f-  This  applies  to  youllis  of  over  IG  years 


of  age  who  possess  a  good  general  education  and  some  elemen- 
tary technical  knowledge. 

Trade  A pprenticesliip  Course. —— This  covers  five  to  seven 
years  of  work,  and  is  open  to  lads  of  over  14  years  of  age. 
There  is  a  school  in  the  works  at  which  daily  instruction  in 
trade  subjects  is  given. 

Tlie  object  of  these  courses  i:;  to  train  suitable  young  men 
for  the  company's  service  in  either  the  works,  design  depart- 
ments, or  the  commercial  sections,  or  selling  organisation 
at  home  or  abroad.  In  the  two,  three,  and  four  years  courses, 
the  general  procedure  is  the  same.  The  apprentices  are 
moved  from  department  to  department,  as  a  rule,  every  few 
months,  and  there  given  every  opportunity  of  becoming 
familiar  with  the  construction  and  general  design  of  the  com- 
pany's products,  and  as  they  show  ability  and  as  opportunity 
offers,  they  are  given  a  'trial  in  one  or  other  of  the  commercial 
or  designing  parts  of  the  organisation.  The  embryo  selling 
engineer  is  eventually  moved  to  one  of  the  commercial 
or  corresponding  departments,  and  ultimately  to  a  district 
office,  there  to  take  his  place  in  the  firing  line  as  a  junior 
with  a  fair  prospect —— with  reasonable  ability —— of  success  both 
for  liimself  and  his  company. 

It  will  be  appreciated  that  an  engineer  trained  on  the  lines 
indicated  above  should  go  further  on  his  own  and  his  com- 
pany's behalf  and  give  greater  satisfaction  to  the  purchaser, 
than  a  man  with  only  a  superficial  acquaintance  with  the 
product  lie  is  handling,  and  no  tech nical  or  practical  engi- 
neering knowledge  to  support  him, 

Ksxetii'mls  (if  Succfi<s  in  SalesmaiiMp. — The  selling  engi- 
neer has  not  lacked  for  advice  and  helpful  suggestions  during 
the  past  few  years  concerning  his  work,  as  a  great  many 
articles  have  appeared  from  time  to  time  in  various  publi- 
cations. Notwithstanding  this,  too  many  suggestions  cannot 
he  put  before  liini,  as  there  is  no  class  of  literature  which  is 
so  genuinelv  helpful.  The  t'ollowing  remarks  are  intended 
primarily  for  yoinig  salesmen,  though  it  is  hoped  that  some 
of  the  suggestions  made  may  l>e  of  value  as  retiiinders  to  all 
of  us. 

The  young"  engineer  may  rest  well  assured  that  there  is 
no  loss  of  dignity  in  taking  up  the  commercial  side  of  engi- 
neering, but  a  salesman  failing  to  combine  business  ability 
with  technical  skill  is  doomed  to  limited  advancement,  if  not 
to  failure.  In  the  tnore  highly  paid  ])ositious,  men  with 
sound  commercial  ability  are  cons{;icuous  rather  than  men 
with  high  eiit>iiieering  knowledoe.  Out  and  out  comnier- 
cialisin,  of  course,  is  not  intended  to  be  the  standard  advocated, 
l)ut  rather  a  judicious  blend  of  teclniical  skill,  witli  an  exten- 
sive use  of  t  rue  business  principles,  Engineerings  as  we  know  it 
to-day,  could  not  exist  without  its  commercial  side.  It  is 
almost  axiomatic  to  say  that  excluding  replacements,  new 
inachinery  is  installed  solely  for  the  purpose  of  increasing 
the  output,  iiiipioving  the  quality,  or  reducing  the  cost.  It 
is  one  of  the  first  and  Tnost  important  duties  of  a  selling  engi- 
neer to  convince  the  buyer  that  one  or  more  of  these  objects 
are  attained,  otherwise  the  reasons  for  the  installation 
disa])pear.  The  prime  object  of  the  salesman  should  be  (1) 
To  sell  at  a  profit,  (2)  to  accomplish  the  work  required,  (3) 
to  satisfy  the  purchaser.  If  lie  accomplishes  this,  success 
is  assured. 

It  is  imperative  that  a  profit  should  accrue  from  the  tran- 
saction of  business.  This  is  a  fuiidarnental  law  of  all  barter 
and  trade,  though  this  point  occasionally  appears  to  be 
overlooked  by  some  of  us  in  our  eagerness  to  transact  a  large 
volume  of  business,  and  it  appears  to  our  enlightened  minds 
as  though  other  manufacturers  forget  this  first  principle  even 
more  often  than  ourselves.  One  of  the  readiest  and  most 
certain  means  of  assuring  a  profit,  is  to  sell  standard  apparatus. 
This  ensures  the  order  going  through  without  a  hitch  and 
incidentally  with  every  chance  of  the  delivery  date  being  kept- 
Further  advantages  are  :  (1)  The  order  is  a  definite  request, 
for  a  standard  article  and  requires  a  minimum  of  supervision  ； 
possibility  of  errors  are  eliminated  ；  tests  are  definite  and  pre- 
determined ； and  cost  assured.  (2)  There  is  no  drawing  work 
to  be  done.  (3)  The  engineering  expenses  are  reduced  to  a 
niiuimum.  (4)  The  factory  organisation  is  facilitated,  tend- 
ing to  reduce  the  cost  of  all  apparatus.  (5)  Finally,  the 
liaiices  of  satisfying  the  purchaser  are  increased. 

It  is  esseni ial  that  the  salesman  should  know  tlie  apparatus 
lie  is  selliiit;-.      Tf  lie  knows  tlie  purchaser's  conditions  aud  the 
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capjicitv  aiul  pei  foniiance  of  his  own  ])lani,  he  will  feel  sa( is- 
(led  as  to  wliellier  or  not  his  apparat lis  will  accomplish  tJie 
work  requirtnl.  It  has  bciMi  suid  t hat  a  salesman  can  make 
bet  ter  proi;rost\  in  t  ho  sale  of  a  piece  of  appurat  us  which  lie 
does  not  know  too  nmch  about,  since  his  t'ailh  is  not  shaken 
hv  an  intimate  knowledge  of  its  shortcomiiigs.  This  may 
have  been  well  enough  in  t  lie  old  (lays  of  salesinaiiship,  but  t  he 
selling  engineer  of  the  future  should  know  all  there  is  to  know 
of  the  design  and  be  trusted  to  take  care  of  himself.  The 
true  art  of  salesmanship  consists  in  marketing  goods  (it  is 
understood  at  a  profit)  and  in  such  a  way  as  to  ensure  future 
preferential  dealings  with  the  customer.  We  are  all  sales- 
men to  a  degree,  whether  we  sell  machinery,  our  manual  or 
mental  services,  or  even  the  use  of  our  money.  Like  every- 
t  liiiig  else  worth  having,  the  becoming  of  a  successful  sales- 
man requires  effort  and  study. 

Will  I  suitable  training  and  study,  the  salesman  can  be 
educated  and  moulded,  or,  to  use  a  shop  expression,  can  be 
manufactured  from  raw  material  of  reasonable  suitableness, 
and  the  almost  universal  belief  that  •'  tlie  salesman  is  b^rn, 
not  made  "  is  largely  erroneous,  misleading,  and  discouraging. 
A  "  born  salesman  "  with  equal  training  may  reach  a  higher 
and  quicker  success,  and  that  is  all.  This  "  bornness  ，，  often 
entails  so  many  infirmities  of  genius  as  to  greatly  modify  its 
value.  Ill  the  game  of  salesmanship,  as  it  is  being  played 
to-day  ''  bornness "  untrained  cannot  compete  with  highly- 
trained  mediocrity.  This  is  especially  true  iu  the  sale  of 
product's  requiring  engineering  and  technical  knowledge. 
Personality  is  a  tremendous  factor  in  salesmanship  and  it  can 
be  cultivated  and  intensified.  Success  often  hangs  upon  this 
one  feature.  The  man  endowed  with  an  abundance  of  energy 
and  balancing  qualities  will  make  the  most  successful  sales- 
man, while  the  man  of  phlegmatic  temperament  should  turn 
his  attention  to  some  other  calling  where  personality,  energy, 
and  magnetism  do  not  count  for  so  much.  Many  men  fail 
because  they  have  too  great  a  love  of  ease,  entertainment,  and 
a  good  time.  Their  expense  accounts  increase,  their  sales 
suffer,  and  they  very  probal^ly  acquire  habit's  that  will  result 
to  their  detriment. 

The  art  of  expression  is  a  rare  acconiplislmient,  and  one 
that  almost  any  man  of  education  can  develop  to  a  high  degree. 
Perhaps  no  accomplishment  counts  for  more  in  successful  sales- 
manship than  does  the  power  of  terse  and  lucid  expression. 
To  quote  from  Edgar  A.  Russell,  the  author  of  "  Ethics  and 
Principles  of  Salesmanship  ，， 一 "  The  deeper  the  knowledge, 
the  broader  the  culture,  the  keener  the  reasoning  faculties, 
the  stronger  will  be  the  power  of  expression/'  We  can  affoi'cl 
to  systematically  study  to  increase  our  knowledge,  and  to 
increase  our  power  of  expressing  it  to  others.  Balzac  spent 
； IS  much  as  a  week  upon  a  single  page  of  his  writ  ings,  Webster 
spent  3G  years  of  continuous  work  producing  his  dictionary. 

General  business  honesty  is  again  a  particular  qualification 
for  an  efficient  and  successful  salesman.  Some  young  sales- 
men seem  to  think  that  a  possible  trick  is  justified,  so  long 
as  he  gets  the  order  from  the  buyer.  This  policy  might 
succeed  if  you  had  a  fresh  customer  for  every  deal,  but  in 
nearly  every  business,  and  especially  in  engineering,  you  have 
not  only  to  make  a  customer,  but  you  have  to  retain  luin 
permanently  and  successfully,  either  as  a  company  or  as  an 
iiidivid ual.  No  business  has  ever  progressed,  or  ever  will 
progress,  that  is  not  to  the  mutual  advantage  of  both  parties. 
Personal  liotiesty,  therefore,  as  well  as  business  honesty,  clean 
living,  and  frankness,  should  be  cultivated  by  the  salesman 
having  a  desire  to  make  a  success  of  his  business.  A  com- 
prehensive know  ledge  of  the  products  offered  for  sale  has 
already  been  mentioned  as  an  essential  to  success. 

All  men,  almost  without  exception,  like  flattery.  Some 
take  it  in  small  doses,  and  growl  when  tliey  take  it.  Others 
will  take  it  in  large  doses,  and  smile  as  it  is  given.  Properly 
applied,  it  is  a  very  effectivel  medicine.  A  successful  sales- 
man, however,  must  know  wlien  to  t'')lk  and  when  to  keep 
still.  One  writer  has  said  "  A  real  salesman  is  one-part 
talk  and  nine-pai'ts  judgment/'  Wliilst  not  subscribing  to 
this  statement  literally,  it  is  fairly  near  the  truth.  Most 
Trien  liave  a  liobby,  and  when  lie  can  be  drawn  out  to 
talk  that  1  lobby,  it  is  about  the  most  subtle  flattery  that 
can  be  given  to  liirn.  A  characteristic  which  is  at  once  the 
cheapest,  commodity,  and  one  wliicli  pays  the  best  profits  of 
anything-  in  a  salesman's  armoui'v,  is  the  habit  of  respectful- 
ness and  fouriesy  ；  to  this  iniglil  ahnosi  be  added  fairness  to 


y()nr  coinpet-if ois  wlioii  it  is  noc^essary  ov  advisable  to  riienlioii 
t  lioiii  or  i  licir  products.  . 

A  I'lirtluM-  facult V  ")  l)o  developed  is  resourct^f illness  and 
adaptability.  In  the  |)i  ()<(ress  of  a  negotiation  of  any  size  t  lie 
setting  is  liable  to  cliange  between  its  inception  and  iU 
closing.  In  fact  it  is  changing  every  moment  it  is  in  progreHS, 
otherwise  an  end  would  never  be  reached.  It  is  necessary 
thai  the  salesman  should  be  able  to  size  it  up  and  quickly 
change  his  tactics.  Resourcefulness  v'ill  enal>le  the  salesman 
to  know  when  to  pursue  the  policy  he  has  been  following,  and 
when  to  change  it  .  He  must  be  quick  to  adapl  himself  to  any 
circumstances  which  may  arise  tliroughouL  the  negotiation. 
It,  was  once  said  of  one  of  the  most,  successful  salesmen  thai- 
lie  was  quite  equal  to  running  a  MetJiodisi  prayer  meeting  in 
the  early  evening,  and  go  out  wit  h  the  l)oys  later  a  I  night, 
and  be  the  leader  all  the  time.  Quick  ])ei'sonal  adaptability 
oi'  this  kind  is  not  exactly  recoiimiended,  l)ut  a  successful 
salesman  must  be  able  at  all  times  to  adapt  himself  to  t lif^ 
people  with  whom  he  is  dealing. 

To  sum  up,  if  tlie  candidate  for  Sbccess  iu  tlie  sales  field 
lives  a  clean  life,  has  a  knowledge  of  human  nature,  and 
ability  to  recognise  it  when  he  meets  it,  a  knowledge  of  the 
material  lie  is  handling  and  its  application,  has  honesty, 
energy,  courtesy,  and  enthusiasm,  he  may  rest  assured  that  he 
will  quickly  develop  into  a  successful  and  efficient  salesman. 


THE  FUTURE  OF  THE  MARINE  OIL  ENGINE. 

BY  JOHN  F.  WENT  WORTH. 

The  oil  engine  unquestionably  has  a  great  future  before  it, 
but  in  order  that  this  future  may  be  realised  in  the  actual 
commercial  developnieiit  of  this  type  of  motive  power  certain 
points  must  be  carefully  kept  in  mind.  The  first  point  to 
consider  is  that  the  oil  engine  differs  from  the  "  gas  engine  " 
only  in  its  fuel  and  means  of  using  this  fuel.  There  is  no 
therrno-dynamic  theory  underlying  this  engine,  which  is 
different  from  the  gasoline  (petrol)  engine,  other  than  the 
points  brought  up  by  the  use  of  such  a  fuel  as  is  practical  for 
use  ill  commercial  vessels  in  competition  with  coal-burning 
vessels.  Consideration  will  first  be  given  to  tlie  matter  of 
economy,  then  the  fuel  which  will  make  this  economy 
possible,  and  lastly  the  fuel  valve  which  will  make  it  possible 
to  use  this  fuel. 

Erononi}/. ― 111  considering  tlie  matter  of  economy,  the 
relative  merits  of  the  two -  and  four-cycle  types  of  engine  are 
iriatters  of  pi'iine  importance.  It  is  generally  conceded  that 
the  two- eyc'le  has  about  10  per  cent,  lower  efficiency  than  the 
four-cycle.  This  means  that  power  for  power  the  two-cycle 
uses  10  per  cent,  more  fuel  than  the  foiu'-cyole.  This  conies 
about  probably  from  the  frictional  loss  iu  tlie  scavenging- 
cylinders,  and  from  the  fact  that  a  part  of  the  expansive 
energy  of  the  fuel  is  lost  through  the  open  ports  at  the  end 
of  the  working  stroke.  It  is  not  the  purpose  to  take  up  this 
controversy  at  this  place.  This  difference  in  efficiency  exists, 
and  it  must  be  offset  by  some  other  feature  such  as  compact- 
ness, lightness,  or  cheapness  of  】namifactm'e，  if  the  two-cycle 
engine  is  to  be  adopted. 

One  point  of  prime  importance  in  both  types  of  engine 
is  t  he  fact  that  about  10  per  cent,  of  the  brake  horse-power 
is  consumed  in  the  air-compressors  for  high-pressure  air. 
This  is  a  loss  which  can  be  properly  considered  here.  The 
prime  use  of  this  high-pressure  air  is  to  feed  the  fuel  into  the 
cylinder.  If  it  be  possible  to  cut  down  this  loss  by  50  per 
cent.,  then  a  saving  of  5  per  cent,  of  tlie  fuel  used  in  either 
type  of  engine  can  accomplished.  Tt  is  certain  that  a 
part  of  this  saving  at  least  can  be  made  by  using  hot  injec- 
tion air  for  fuel  feeding.  In  the  beginning  of  tliis  work  the 
fuel  valve  was  water-jacketed  very  carefully.  This  results  in 
assvirino-  that  the  injection  air  shall  be  very  cool.  The  ques- 
tion of  how  far  this  should  be  carried  is  one  of  the  points  for 
manufacturers  to  consider  and  for  prospective  j)urchasers  to 
investigate,  since  it  lias  a  very  direct  bearing  upo»  the  per- 
formance of  the  engine. 

Another  point  affecting  the  economy  of  the  engine  is  the 
low  mechanical  efficiency  of  the  oil  engine.  This  is  due  no 
doubt  to  the  high  pressures  used  in  the  present  types  of 
engine.  If  it  be  possible  to  reduce  these  present  pressures, 
then  the  mechanical  efficiency  will  rise,  with  the  result  of 
greater  profits  to  the  purchasers  of  this  type  of  plant.  That 
tliis  is  possible  has  been  demonstrated  by  actual  experiments 
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with  heavy  fuel  fired  in  a  cylinder  where  the  pressure*  was 
not  over  I'oOlbs.  in  place  of  the  5001bs.  at  present  commonly 
used  in  the  oil  engine. 

Fuel. — Recently  the  agent  of  an  oil  engine  advised  in  the 
engineering  press  against  the  use  of  the  extreme  low  grades 
of  fuel  for  the  oil  engine.  My  purpose  is  to  try  to  show  the 
folly  of  such  advice.  We  see  the  world  to-day  trying  to  catch 
up  with  the  demand  in  the  matter  of  gasoline  (petrol).  It  is 
iny  purpose  to  warn  prospective  ])urchasers  of  oil  engines 
from  being  caught  in  the  position  of  the  automobile  users. 
The  gas  oil  is  a  refined  product-.  It  is  not  used  in  steam 
plants  for  fuel.  In  other  words,  it  is  the  gasoline  (petrol)  of 
the  oil  engine.  When  gasoline  (petrol)  was  first  used  for 
power  purposes  it  was  a  by-product  from  the  production  of 
kerosene  (paraffin).  For  years  it  was  reasonable  in  price  till 
the  rapid  production  of  gasoline  (petrol)  engines  has  caught  up 
with  the  production  and  made  the  price  almost  prohibitive. 
The  same  will  happen  with  any  fuel  which  is  of  use  only  for 
the  oil  engine.  The  oil  engine  which  cannot  be  caught  by  the 
high  price  of  fuel  is  the  engine  which  uses  the  same  fuel  as 
that  used  by  the  steam  plant.  Users  of  oil  engines  can  only 
rest  assured  of  the  future  so  long  as  they  are  using  the  same 
fuel  which  is  being  used  by  the  steam  plants.  Owing  to  the 
fact  that  the  steam  plant  has  an  efficiency  of  around  10  per 
cent.,  the  oil  engine  with  its  30  per  cent,  efficiency  will  be 
safe  from  a  pinch  in  price  of  fuel  so  long  as  this  condition 
exists. 

The  only  sensible  difference  between  the  gas  oil  and  the 
steaming  oils  lies  in  the  viscosity.  This  makes  it  more  diffi- 
cult to  atomise.    Would  it  be  wortli  while  for  the  motor  ship 
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to  buy  steaming  oil  and  refine  it  or  treat  it  so  that  a  form  of 
gas  oil  could  be  made?  It  certainly  would  be,  provided  the 
expense  of  the  operation  is  not  prohibitive.  This  process 
simply  calls  for  the  fuel  to  be  heated.  Oils  of  an  asphaltum 
l)ase,  which  is  tlie  class  to  which,  the  steaming  oils  belong, 
increase  their  Baunie  1°  for  about  every  15°  rise  in  tempera- 
lure.  This  means  that  a  fuel  of  19°  Be.,  which  would  be  a  very 
low-grade  fuel,  if  heated  to  about  300°  Fah.  will  have  a 
Baume  of  33。.  This  will  compare  very  favourably  with  gas 
oil.  After  this  heavy  oil  has  been  treated  in  this  manner  it 
will  in  every  way  be  the  equal  of  gas  oil  so  long  as  this 
temperature  has  been  maintained. 

What  is  the  present  advantage  in  the  use  of  this  heavy 
fuel  ？  The  fuels  have  practically  the  same  calorific  value  per 
pound.  Fuels  are  bought  by  the  bulk.  Oil  of  19"^  Be.  has 
a  specific  gravity  of  0"94.  Oil  of  33。  Be  has  a  gravity  of  0'85. 
Tlie  difl'erence  in  price  between  steaming  oil  of  0*88 
gravity  and  gas  oil  of  0  85  gravity  is  about  15  per  cent,  in 
carload  lots.  The  difference  in  the  case  of  the  heavier  fuel 
is  much  greater.  Besides  this  difference  in  price  there  is  the 
additional  advantage  due  to  the  fact  that  a  gallon  of  the 
heavy  fuel  will  do  more  work  than  the  same  amount  of  light 
fuel. 

This  shows  an  advantage  of  over  50  per  cent,  at  present, 
besides  the  assurance  against  a  pinch  in  price  later.  Is  it 
worth  taking  a  little  trouble  for?  Can  you  buy  an  engine 
which  will  use  this  fuel  ？  It  certainly  is  worth  the  trouble 
to  use  this  heavy  fuel.  You  can  get  the  engine  if  you  ask  for 
it.  Naturally  the  builder  will  advise  against  this  type  of 
engine  because  its  construction  is  more  difficult  in  all  parts 
pertaining  to  the  fuel  handling.  No  oil  engine  manufac- 
turer will  deny  that  he  can  build  this  type  of  engine.  If  he 
does,  go  to  a  builder  who  can.    There  are  engines  in  opera- 


tion to-day  which  are  using  this  type  of  fuel.  An  engine 
bought  and  installed  in  the  municipal  plant  in  Palo  Alto, 
Cal.,  has  been  running  on  this  oil  for  a  year  with  good  results. 
The  fuel  used  in  this  engine  is  of  15°  Be. 

Furl  V aires. —— The  various  types  of  fuel  valves  have  been 
so  often  described  that  their  elements  are  familiar  to  all.  It 
will  be  more  to  the  point  to  consider  what  to  look  for  in  a 
good  fuel  valve.  The  fuel  valve  to  handle  the  oil  must  be 
equipped  to  handle  sluggish  flowing  oils.  This  type  of  oil 
can  be  improved  by  heating,  but  at  the  same  time  the  valve 
should  be  the  best  possible.  In  the  original  type  of  fuel  valve 
the  oil  was  delivered  into  a  space  broken  up  by  a  series  of 
baffles.  When  the  fuel  valve  was  unseated,  the  air  rushing 
through  this  tortuous  passage  was  able  to  break  the  oil  up 
and  deliver  it  in  a  fine  spray.  To  secure  perfect  results  with 
a  valve  of  this  sort  using  the  heaviest  grade  of  fuel  is  very 
difficult,  if  not  impossible. 

The  fuel  valve  is  the  oil  engine's  carburetter.  It  must 
be  perfectly  reliable.  To  be  able  to  get  this  result,  it  is  only 
needed  to  study  the  action  of  the  familiar  nasal  atomisers. 
They  can  draw  free  flowing  oil  and  deliver  it  in  the  form  of 
a  suitable  spray.'  If  one  takes  a  standard  nasal  atomiser  and 
fills  the  glass  with  gas  oil,  it  will  be  found  that  a  perfect 
spray  can  be  obtained.  If  we  substitute  in  the  household 
article  heavy  oil  in  place  of  the  light  oil,  it  will  be  found  that 
no  spray  can  be  produced.  What  is  the  reason  ？  Simply, 
that  the  syphonic  action  is  not  strong  enough  to  lift  the 
heavy  oil.  This  suggests  to  us  that  any  fuel  can  be  sprayed 
if  we  force  a  stream  of  fuel  into  a  stream  of  high-pressure  air 
at  right  angles  to  this  air.  In  this  way  the  action  is  abso- 
lutely positive. 

One  fuel  valve  of  this  type,  the  Hesselman  fuel  valve,  is 
at  present  on  the  market.  In  the  figure  showing  the  opera- 
tion of  this  valve  the  different  parts  of  the  passages  are 
lettered.  As  long  as  the  valve  is  closed  the  air  pressure  at 
A，  B,  and  D  is  equal.  As  soon  as  the  valve  is  unseated, 
owing  to  restricted  passage  from  A  to  D，  while  the  pressure 
in  A  and  B  is  equal,  the  pressure  in  D  is  reduced.  The  avail- 
able pressure  forcing  the  fuel  into  the  stream  of  air  will 
depend  upon  the  size  of  the  passage  into  the  cy 二 incler，  the  size 
(cross-sectional  areas)  of  the  restricted  passage,  and  "whether 
the  fuel  passage  from  B  into  the  restricted  passage  between  A 
and  D  is  near  to  A  or  to  D.  The  only  objection  to  this  valve 
is  that  once  it  is  built  it  is  suited  to  a  certain  condition  by  the 
proportions  of  valve.  The  fuel  is  delivered  at  right  angles  to 
a  moving  stream  of  air,  and  it  seems  reasonable  to  think  that 
any  fuel  can  be  used  in  a  valve  of  this  type.  This  valve  does 
not  act  on  the  siphon  idea,  but  on  the  principle  of  a  positive 
pressure  behind  the  oil  forcing  it  into  the  stream  of  air.  This 
element  of  positive  pressure  behind  the  fuel  seems  to  be  the 
most  desirable  element  in  the  fuel  valve. 

Sii in iiidri/.  ―-  Finally,  in  considering  different  types  of 
engine  for  installation,  do  not  be  misled  by  the  great  saving 
at  present  in  the  use  of  any  type  of  oil  engine.  Remember 
that  fuels  which  are  cheap  now  may  be  dear  before  your 
engine  is  scrapped.  Demand  an  engine  which  will  use  the 
sort  of  fuel  which  is  used  under  the  steam  boilers.  If  you 
decide  to  install  a  2- cycle  engine,  remember,  that  at  the  start 
you  are  giving  a  10  per  cent,  handicap  to  your  competitors 
who  use  a  4-cycle  engine,  and  make  the  builder  show  you  very 
clearly  how  you  are  to  make  up  this  10  per  ceiit.  handicap. 
When  these  questions  are  settled  to  your  satisfaction  you 
cannot  be  far  wrong  in  your  selection  of  the  engine  for  your 
fleet. ― "  International  Marine  Engineering  " 


North-east  Coast  Institution  of  Engineers  and  Shipbuilders  : 
1916  Scholarship. ― The  1916  Institution  Scholarship  has  been 
awarded  to  Edmund  Victor  Telfer,  an  apprentice  in  the 
service  of  Messrs.  Wm.  Gray  &  Co.，  Ltd.,  West  Hartlepool. 
The  Scholarship  is  valued  at  £50  per  annum,  and  is  tenable 
for  two  years.  The  Council,  believing  that  the  time  has 
arrived  for  making  the  subjects  of  the  Institution's  Scholar- 
ship Examination  more  comprehensive  than  hitherto,  have 
decided  that  the  syllabus  of  future  examinations  shall  be: 
(1)  English  ；  (2)  English  history  and  geography  ；  (3)  Latin, 
Greek,  French,  or  German  (one  of  these  four)  :  (4)  extra 
inathematics  ：  (5)  and  (6)  either  experimental  science  and 
mechanics,  or  any  two  of  the  following :  chemistry  physics, 
meclianics. 
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i*itot-l ube  and  iiiulii  hole  nozzics  of  various  (Icsi^iiH  and 
modilioatioiis  weio  used  extrlusively  (liiriii",  (lie  lirst  two  yoniH 
of  experiment,  hut  were  entirely  ahandoned  for  reaHons 
explained  later.  The  vent  uri  tube  was  at  i\ vni  considered  to 
he  the  only  available  siil)st it ute,  but'  (lie  expoiiHe  of  dmigiiig 
Ifu'ge  steam  pipes,  in  add  it  ion  to  the  cost-  ol'  the  tube  it  sell*, 
made  this  proliibitive  for  very  general  use.  Tlie  orifice  was  t.akon 
lip  and  the  following  imporUi",  points  were  (considered  iti 
working  out  a  suitable  design  :  ( 1)  The  orifice  plate  niusi, 
in  between  a  pair  of  existing  pipe  flanges.  (2)  It  should  not 
t  liicketi  t  he  joint  so  as  to  1  hrow  I  lie  flanges  out  of  parallel. 
(3)  The  tnetal  used  should  perfectly  wit  listaiid  all  corrosion 
and  abrasion.      (4)  It  should  be  capable  of  easy  iiistallaiioi). 

Tt/jjf  of  Orifirr  Ado  pi  ed . 一 The  initial  design  consisted  of  a 
y^-in.  Monel  inetal  plate  having  corrugations  on  its  outer  edge 
to  make  its  own  packing  the  same  as  a  corrugated  copper 
gasket,  and  having  a  round  concentric  hole  smaller  than  the 
pipe  diameter.  But  what  coefficient  to  allow  in  calculating  the 
size  oi  the  orifice  of  a  given  pipe  diameter,  steam  density,  and 
rate  of  flow  was  the  big  unk nown.  The  importance  of  testing 
the  orifice  to  see  if  it  would  maintain  a  constant  factor  over 
long  periods  of  time  was  of  more  importance  tliaji  to  know  t lie 
exact  factors  under  all  conditions,  consequently  some  guesses  as 
to  the  coefficient  were  made  and  several  orifices  were   put  into 


STEAM-FLOW  MEASUREMENT. 


Thk  accural 0  measurement  of  t lit'  tlow  of  lluids  is  one  of  1  lio 
most  important  prohloins  facing"  t  he  niecliauical  engineer 
to-day.  Tlie  turbine,  boiler,  and  nierhanu'nl  stoker  have  been 
materially  improved  in  their  desiini,  both  as  to  size  aiul 
efficiency,  but  much  still  depends  upon  the  method  of  oper- 
ating these  large  units.  The  operating  engineer  cannot  get 
results  when  working  in  the  dark  ；  he  particularly  needs  to 
know  the  steam  output  from  the  bojlers,  the  condition  of  the 
fuel  bed,  the  air  supply  to  the  furnaces,  and  the  steam  coii- 
siiin])tion  of  the  turbines.  Methods  of  determining  the  kilo- 
watt output  of  the  latter  have  been  in  satisfactory  use  for  a 
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Fig.  1. —Comparison  of  Steam  Mi':Ti，it  Headings  and  Actuai. 
Weights  ci'、  Steam. 
Abscissas  yivo  percentage  diffevences  in  moter  readings  from  actual  weijihts. 

number  of  years.  Electricity  is  comparatively  easy  to 
measure,  and  we  find  the  switchboard  supplied  with  all  kinds 
of  instruments  for  this  purpose.  There  is  just  as  much  need 
for  the  corresponding  measurements  of  the  flow  of  steam  and 
gases. 

J/ ffluxls  <tf  Meaxui  iiHj  Presxurf  Difffrfiicf.—lt  is  desirable 
to  go  a  step  further  than  merely  to  measure  these  rates  of 
flow,  and  show  in  addition  the  relation  between  two  or  more 
interdependent  qualities  which  enter  into  the  operation  of  a 
steam  boiler  or  prime  mover.  Seven  years  of  experimenting, 
which  involved  the  use  of  more  than  50  steaiti-generatiiig  or 
steain-using  units,  have  produced  many  interesting  results 
along  this  line,  but  tlie  present  paper  will  be  confined  to  the 
measurement  of  steam  flow,  as  tins  is  really  ilie  crux  of  tlie 
wliole  question.  Few  problems  have  been  more  baffling  to 
^lie  mechanical  engineer  than  the  accurate  metering  of  steam 
ill  large  quantities.  It  is  necessary  to  use  the  "  flow  "  \)v\n- 
piple  ；  that  is,  to  produce  a  pressure  difference  which  varies 
in  a  definite  and  known  relation  to  the  rate  of  flow,  and  iheii 
to  measure  accurately  this  pressure  difference  in  terms  of 
weight  of  steam.  There  are  only  two  fundamental  principles 
that  have  been  used  to  obtain  the  ])ressure  difference,  viz" 
"impact"  and  "  change  in  velocity.'  The  "impact"  prin- 
ciple is  used  ill  the  pitot  tube  witli  its  various  modifications, 
and  the  vortex  and  metering  bend  also  belong*  to  this  class. 
The  "  cliange  in  velocity  ，，  type  covers  tlie  venturi  tube  and  tlie 
orifice. 

We  do  not  usually  think  of  the  orifice  as  being  of  the  same 
basic  princij)le  as  the  venturi  tube,  but  tlie  two  are  practically 
identical  when  the  orifice  is  used  in  a  pipe  and  the  pressure 
connections  are  made  at  the  pioper  place.  Tlie  pressure 
difference  produced  in  both  cases  is  caused  by  the  increased 
velocity  and  tlie  corresponding  change  in  tlie  static  pressure 
between  two  different  positions  along  the  pipe  where  tlie  flow- 
ing stream  has  different  areas.  The  exact  area  and  location 
of  the  smallest  section  of  the  stream  on  the  downstream  side  of 
an  orifice  may  not  be  quite  as  tangible  a  I  hing  to  see  and 
measure  as  is  the  throat  of  a  venturi  tube,  to  which  it  corre- 
sponds.; but  experiments  have  proven  that  it  is  none  the  less 
a  perfectly  dependable  function  of  the  opening  in  the  orifice 
plate.  With  high  initial  velocities  the  pressure  difference  is 
largely  restored  in  static  pressure  within  four  pipe  diameters 
beyomi  the  orifice,  so  that  the  net  loss  in  head  caused  by  the 
orifice  may  not  be  more  than  25  per  cent,  of  tlie  head  avail- 
able. This  compares  very  favourably  with  the  best  design  of 
veiit'iu'i  tube,  where  the  net  loss  is  about  15  per  cent,  of  the 
total  venturi  head. 

、' 、:'' 々1— '"y^nSt  of  paper  m-osonW  at  aimn'thm  of  tlie  P-oston  so^il^^tiie^Xi^^^i^i; 
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experimental  use  in  places  where  the  service  was  contijuimis 
and  severe. 

It  may  seem  that  the  early  experimenting  could  have  been 
(lone  with  most  anything  and  a  satisfactory  design  worked  out 
later,  hut,  too  often  some  practical  consideration  necessitates 
a  decided  change  in  design  which  uj  sets  all  the  previous 
results  It  is  much  better  to  get  a  good  working  design  and 
learn  whether  the  device  will  keep  on  working  and  maintain 
its  accuracy,  before  any  extensive  scientific  tests  are  made  to 
learn  definitely  what  physical  laws  are  involved  in  its  use. 
One  of  the  first  orifices  of  this  type  was  put  into  a  15in.  pipe 
supplying  steam  at  2001bs.  pressure  and  150。  superheat'  to 
a  15,000  kw.  turbine  in  the  L  St.  Station  of  the  Edison  Electric 
Illuminating  Company  of  Boston,  where  the  late  of  (low 
averages  more  than  150，0001bs.  of  steam   per   hour.  Tlie 
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only  flange  available  was  at  the  inlet  to  the  turbine  strainer, 
about  6ft.  (or  five  pipe  diameters)  beyond  a  90°  bend  of 
6ft.  radius.  The  testing  department  of  the  Edison  Com- 
pany have  made  weighed  water-rate  tests  of  this  tui'biue  each 
month  since  this  orifice  was  installed  in  December,  1913，  and 
results  from  this  orifice  have  been  obtained  at  the  same  time. 

Data  of  Tesf.s  on  E.i  perim  ( nfal  Orifice  Meter.- ~ The  per- 
centage differences  between  the  weights  and  orifice  meter  results 
are  plotted  in  Fig.  1.  Twenty-eight  tests  have  been  made 
extending  over  more  than  two  years,  and  during  that  time 
approximately  1,000,000  tons  of  steam  have  passed  through 
the  orifice.  It  will  be  noted  that  the  greatest  difference  is 
2*51  per  cent,  and  that  the  majority  are  within  1  per  cent. 
The  device  for  measuring  this  pressure  difference  was  not  of 
the  latest  and  best  design.  It  is  shown  conclusively  that 
there  is  no  appreciable  change  in  the  orifice  factor  over  this 
period.  This  is  also  borne  out  by  the  measurement  and 
appearance  of  orifice  plates  replaced  by  others  of  larger  capa- 
city after  a  year  or  more  of  service,  none  of  which  shows  any 
corrosion  or  wear  whatever. 

The  main  object  of  the  Edison  tests  is  to  determine  the 
water  rate  of  the  turbine,  the  orifice  data  being  secondary,  and 
it  is  customary  to  make  all  tests  at  approximately  the  same 
load,  but  this  does  not  detract  from  the  value  of  these  results 
in  proving  the  continued  accuracy  of  the  orifice  over  long 
periods  of  time.  Other  orifices  were  put  in  from  time  to  time 
under  various  conditions  where  w  eighed-water  calibration 
data  could  be  obtained  at  capacities  most  frequently  met  in 
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practice.  The  coefficient  of  discharge  did  not  appear  to  be 
as  constant  for  different  ratios  of  orifice  to  pipe  diameter  as 
it  had  been  hoped  that  it  would.  The  indications  were  that  the 
orifice  was  fundamentally  correct,  and  the  discrepancies  encoun- 
tered were  only  through  lack  of  sufficient  knowledge  relating  to 
details.  The  general  trend  of  the  data  up  to  this  point  was 
that  the  coefficient  of  discharge  increased  with  an  increase 
ill  the  ratio  of  orifice  diameter  to  pipe  diameter,  with  no 
obvious  reason  why  it  should.  In  cases  where  the  area  of 
the  orifice  is  large  compared  with  the  area  of  the  pipe,  the 
velocity  of  approach  is  an  im])ortant  factor,  but  even  taking 
this  into  consideration,  the  net  coefficient  of  discharge 
increased  with  the  orifice  area.  This  same  fact  has  since  been 
brouglit  out  by  Hick&leiii,  who  practically  followed  the  results 
obtained  in  Charlotteiiburg  some  years  ago.  These  two 
experiments  dealt  witli  natural  gas  and  air  only,  and,  unfor- 
tunately, the  pressure  connections  were  located  at  such  great 
distances  from  the  orifice  plate  that  they  could  not  possibly 
be  duplicated  in  but  very  few  s learn  pipes,  where  there  were 
long  straight  runs. 

Lovdfion  of  Pressf/rr  ('omurfiotis. ―  The  question  which 
came  up  in  this  problem,  that  had  never  been  thoroughly 
investigated  to  our  knowledge,  was  the  location  of  the  pressure 
connections  on  the  upstream  and  downstream  sides  of  the 
orifice.  It  was  felt  that  this  was  a  point  which  should  be 
thoroughly  investigated,  consequently,  at  the  writer's  sugges- 
tion, Prof.  Judd,  of  Ohio  State  University,  started  some  experi- 
mental work  along  this  line  and  some  of  his  results  were 
presented  in  a  paper  at  the  New  Orleans  meeting  of  this 


year  under  the  title  of  "  Experiments  on  Water  Flow  Through 
Pipe  Orifices."  The  important  points  brought  out  by  Mr. 
Judd's  data  are  :  (1)  The  coefficients  of  the  orifices  tested  are 
substantially  constant  at  all  rates  of  flow  for  any  one  set  of 
pressure  connections,  regardless  of  their  location  with  respect 
to  the  orifice  plate.  (2)  The  location  of  the  pressure  con- 
nections is  of  vital  importance  with  tlie  higher  ratios  of  orifice 
to  pipe  diameter  with  round  concentric  orifices,  due  to  the 
restoration  of  static  pressure.  (3)  The  use  of  specially 
designed  orifices  of  other  shapes  than  round  and  concentric 
permits  the  downstream  connection  to  be  far  enough  away  to 
clear  any  flange,  and  also  allows  more  latitude  in  the  location 
of  this  connection  without  endangering  the  accuracy. 

The  last  two  points  are  clearly  illustrated  in  Fig.  2，  which 
shows  a  diagrammatic  arrangement  of  the  experiment  and  the 
plotted  curve  representing  the  pressure  difference  as  measured 
between  the  upstream  connections  and  the  several  downstream 
connections  located  at  ^in.  intervals  from  the  orifiee  plate. 
It  is  evident  from  the  round  concentric  orifice  of  relatively 
large  diameter  in  the  upper  view  of  Fig.  2  that  the  action  of 
the  fluid  on  the'  downstream  side  of  the  orifice  is  practically 
identical  with  that  in  the  venturi  tube.  The  point  of  highest 
velocity  is  at  the  "  vena  contracta  ，，  just  beyond  the  orifice 
plate,  and  the  static  pressure  is  the  least  and  the  pressure 
difference  the  greatest  at  this  point,  which  corresponds  to 
the  throat  of  the  venturi  tube.  The  active  stream  extends 
beyond  this  point,  and  as  its  velocity  is  thereby  reduced  the 
static  pressure  is  partially  restored,  and  the  pressure  difference 
correspondingly  diminished.  As  liigh  as  77  per  cent,  of  the 
pressure  difference  is  restored  in  some  cases. 

It  seems  that  the  orifice  acts  merely  as  a  forming  tool  to 
direct  the  active  stream  into  a  natural  venturi  shape,  and 
at  the  same  time  gives  just  as  dependable  results.  In  fact, 
it  appears  to  give  more  dependable  readings  than  a  venturi 
tube  "when  placed  close  beyond  or  ui  front  of  bends  or  other 
disturbances.  Similar  orifices  put  in  under  the  conditions 
given  below  gave  the  same  coefficient  within  1  per  cent,  when 
calibrated  by  actual  weight  tests. 

Cond ttions  of  Orifice  I nst(fUaf ions  giviiuj  same  Co- 
efficien  t  within  1  i)n、  cent . 


Size 
of 
pipe, 
inches 

Fluid 
measured. 

Straight 
run  on 
upstream 
side,  pipe 
diameter. 

Conditions 
on  upstream 
side  of 
straight 
run. 

Straight 
run  on 
down- 
stream 
side,  pipe 
diameter. 

Conditions  on 
downstream 

side  of 
straight  run. 

15 

Steam 

5 

90°  bond 

none 

Turbine  strainer 

8 

Steam 

90°  bend 

none 

Turbine  strainer 

() 

Steam 

3 

90°  bend 

none 

Gate  valve 

() 

Steam 

20 

Gate  and 

20 

Orifice 

globe  valve 

5 

Water 

59 

Elbow 

50 

Orifice 

vSteam 

6 

Outlet  of  4in. 

none 

Gate  valve 

tee 

(J nmiitability  of  Pilot  Tubes  and  Nozzles  for  MeasuriiKj 
the  Fh) iv  of  Swirling  Fluid. ― The  writer  believes  that  a  helical 
or  corkscrew  motion  of  the  fluid  following  a  bend  or  similar 
disturbance  is  very  common  and  prevents  any  satisfactory 
results  being  obtained  from  the  use  of  pitot  tubes,  multi-hole 
nozzles,  or  venturi  tubes,  while  the  orifice  seems  to  give  the 
same  coefficient  as  if  in  a  long  straight  run  of  pipe.  To 
illustrate  this  the  following  intersecting^  experience  is  given  : 
It  was  desired  to  measure  the  steam  output  from  some  250  li.p. 
boilers  having  8iii.  steam  outlets  which  gave  a  very  low  steam 
velocity.  The  boilers  were  standard  two-drum  Babcock  and 
Wilcox  with  the  8iu.  pipe  rising  from  the  manifold  with  a 
90°  bend  and  then  about  3ft.  of  straight  horizontal  run  into  a 
gate  valve  adjacent  to  the  header.  At  first  a  multi-hole 
nozzle,  similar  to  that  shown  in  Fig.  3，  was  located  about  1ft. 
in  front  of  the  gate  valve,  and  upon  calibration  it  was  found 
that  the  reading  was  about  15  per  cent,  lower  than  would  be 
expected.  At  first  it  was  assumed  that  the  highest  velocity 
was  not  in  the  centre  of  the  pipe,  but  was  shooting  above  the 
nozzle  as  a  result  of  the  90°  bend.  Traverse  work  in  steam 
pipes  from  boilers  was  not  attempted,  cnving  to  the  fluctuating 
rate  of  steam  flow  and  the  difficulty  of  handling  adjustable 
tubes  in  high-pressure  steam  lines.  A  single-hole  nozzle,  like 
that  shown  in  Fig.  4，  was  then  tried,  and  a  rather  unexpected 
set  of  results  obtained  ；  for  during  the  night  time,  when  the 
load  on  the  boiler  was  very  light,  it  was  found  that  this  nozzle 
gave  very  nearly  the  same  factor  as  applies  to  a  long  straight 
run  of  pipe,  but  as  soon  as  the  load  came  on  in  the  morning, 
instead  of  the  steam-flow  pen  starting  up,  it  would  drop.  If 
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the  load  was  suflicieiitly  incroased  it  would  come  hiick  to  llie 
same  reucHni>-  given  on  the  nif^lit  load,  or  a  little  higlicr,  but 
never  did  il  anywhere  near  as  high  as  it-  sliowUI.  Some 
calibration  work  under  t  he  heavy-load  conditions  showed  that 
this  single-hole  nozzle  gave  results  as  nmcli  as  85  per  cent.  low. 

In  seeking  an  explanation  all  available  literature  on  the 
subject  was  examined,  and  it  was  t'oiuid  that  the  paper  of 
Gregory  and  Schoder  (Trans.  Am.Soc.M.E.,  vol.  30,  1908) 
gave  practically  the  oiilv  data  ])eriaiiiing  to  traverses  of  pipe 
lines  ill  and  near  a  bend  Some  very  peculiar  flow  curves 
were  shown  in  this  paper  with  practically  no  comment,  but 
by  plotting  these  flow  curves  on  pieces  of  paper  and  pasting 
them  at  right  angles  to  each  other  as  tlie  traverses  were  made 
and  stringing  them  on  a  bent  wire,  it  was  very  evident  that 
a  swirling  motion  was  taking  place,  which  resulted  in  a 
higher  velocity  near  the  circumference  of  the  pipe  than  existed 
in  the  centre.  This  coincided  with  our  experience,  because 
the  single-hole  nozzle  showed  the  velocity  in  the  centre  of 
the  pipe  to  be  normal  at  low  velocities,  but  very  much  below 
normal  at  velocities  which  might  be  expected  to  produce  the 
helical  motion. 

To  prove  this  beyond  doubt,  the  next  step  was  to  put  in 
a  siiagle-hole  nozzle,  or  the  equivalent  to  a  pitot  tube,  with  the 
openings  near  the  circumference  of  the  pipe.  This  was  done, 
and  it  was  found  that  a  very  high  velocity  existed  within  iin. 
of  the  circumference  of  the  pipe  when  the  boiler  was  steaming 
at  50  per  cent,  or  more  of  its  rated  capacity.  This  experience 
killed  all  faith  in  the  pitot  tube  and  any  other  type  of  nozzle 
for  use  ill  steam  pipes  where  there  was  any  possibility  of  helical 
or  swirling  motion.  Orifices  were  installed  in  these  boiler 
connections  at  the  inlet  to  the  gate  valves  with  very  accurate 
and  satisfactory  results.     The  gradual  contraction  at  the  inlet 


Fio.  5.— Skgmentai.  Orifick  and  lUnrATou  in 
Horizontal  Ptpk. 

to  a  venturi  tube  would  liave  no  tendency  to  destroy  the 
helical  motion,  and  its  angular  velocity  would  be  greatly 
accelerated  in  the  throat,  thereby  producing  a  centrifugal  force 
against  the  piezometer  holes  and  giving  an  erroneous  pressure 
difference.  The  more  sudden  contraction  in  the  orifice  and 
its  downstream  pressure  connection  being  entirely  away  from 
the  active  stream,  are  undoubtedly  responsible  for  the  satisfac- 
tory results  from  its  use. 

Ill  addition  to  the  fact  that  the  multi-hole  nozzle  did  not 
give  a  true  average  in  the  instance  referred  to  with  the  helical 
motion  of  steam,  it  also  failed  to  maintain  a  constant  factor 
even  in  long  runs  of  straight  pipe.  The  type  of  nozzle  used 
in  these  experiments  is  shown  in  Fig.  3.  This  was  made  by 
driving  two  pieces  of  ^in.  phosphor-bronze  tubing  into  a 
plug  having  a  'lin.  pipe  thread  to  be  screwed  into  the  side 
of  the  steam  pipe.  Regardless  of  the  size  of  pipe,  the  upstream 
tube  was  drilled  with  eight  ^in.  holes,  equally  spaced  across 
the  diameter  of  the  pipe.  Tlie  downstream  tube  was  drilled 
in  the  same  manner,  so  that  it  got  the  reverse  effect  instead 
of  being  a  true  static.  The  side  outlet  holes  shown  were 
used  only  for  high  velocities.  The  theory  of  this  multi-hole 
nozzle  is  not  based  upon  very  sound  premises,  for  in  the  case 
of  a  normal  flow  in  a  long  run  of  straight  pipe  with  the  higher 
velocity  in  the  centre,  it  is  obvious  that  the  dynamic  force 
against  the  holes  near  the  centre  of  the  pipe  will  be  greater 
than  that  against  the  holes  near  the  side,  therefore  steam  will 
enter  the  centre  holes,  divide,  and  run  in  both  directions 
through  the  -^in.  tube  and  be  forced  out  against  the  flowing 
stream  through  the  holes  near  the  side  of  the  pipe.  The  net 
result,  in  so  far  as  pressure  or  pressure  difference  is  concerned, 
will,  therefore,  be  a  function  of  the  relative  area  of  these  holes 
as  compared  with  the  area  and  length  of  the  tube  in  which  they 
are  drilled,  together  with  the  spacing  of  the  holes  along  the 
tube  with  respect  to  the  diameter  of  the  pipe.  Considerable 
experimenting-  was  done  with  this  type  of  nozzle  in 
various  sizes  of  pipes,  and  its  coefficient  was  found  to  vary 
between  119  and  1*21. 


Early  in  our  experience  some  very  liit^li  velocit io.s  were 
encountered  in  the  case  of  500  li.p.  l>()il,'rH  provided  with  r)i". 
steam  pipes,  as  Mie  hoilers  were  l're(|Uonl  ly  operated  at  220  per 
cent,  or  more  of  their  rated  capacity.  Tlie  velocity  head 
that  would  be  produced  by  ilie  nmlti-hole  nozzle,  as  hIiowm  in 
Fig.  3，  with  only  the  upstream  and  downstream  holes  would 
have  exceeded  7iii.  of  mercury,  which  was  beyond  the  capacity 
of  the  recording  device  being  used,  and  it,  was,  therefore,  neces- 
sary to  minimise  this  pressure  difference  iti  some  way.  It  was 
first  decided  to  drill  by-])ass  holes  between  the  upstream  and 
downstream  tubes  of  the  nozzle,  but  this  was  never  tried 
because  the  tubes  were  not  always  exactly  tlie  same  distance 
apart,  and  in  drilling  through  the  spacer  and  brazing  material 
which  filled  the  space  between  the  tubes,  it  would  give  the 
equivalent  of  a  long  tube  of  small  diameter  witli  variable  and 
undetermined  length.  Therefore,  tlie  holes  were  drilled  in  the 
sides  of  both  the  upstream  and  downst ream  tubes,  wliich  would 
be  top  and  bottom  in  an  horizontal  pipe  Such  a  tube  is  shown 
in  Fig.  3.  The  size  of  these  outlet  holes  was  varied  according 
to  the  velocity  to  be  contended  with  and  the  pressure  difference 
desired. 

A  large  number  of  calibrations  was  made  with  such  multi- 
hole  nozzles  in  5in.，  6in.，  and  Sin.  pipes,  with  outlet  holes 
varying  from  a  No.、  60  drill  up  to  a  No.  47  drill,  in  which 
case  the  coefficient  was  brought  down  as  low  as  0  68，  as  against 
120  with  no  side  outlet  holes.  Continued  experiments  with 
these  multi-hole  nozzles  showed  their  vital  weakness  to  be  in 
a  change  in  coefficient,  resulting  from  the  accumulation  of 
sediment  around  the  edges  of  some  of  the  holes,  thus  reducing 
their  area.  In  many  cases  some  of  the  holes  were  entirely 
plugged.  Ill  some  steam  pipes  this  sediment  accumulated 
very  rapidly,  so  that  no  dependable  results  could  be  obtained 
over  any  reasonable  length  of  time.  Even  the  simpler  types 
of  nozzle,  where  there  were  no  outlet  holes,  and  only  those 
pointing  directly  up  and  down  stream,  produced  the  same 
trouble,  for  sediment  would  accumulate  around  the  holes  at 
the  radiator  end  of  these  tubes  and  a  higher  pressure  difference 
was  produced,  due  to  the  relatively  greater  effect  of  the  holes 
near  the  centre  of  the  pipe.  In  time,  the  centre  would  become 
partially  or  completely  plugged,  in  which  case  the  coefficient 
would  again  approach  normal,  and  then  it  would  decrease 
when  only  the  holes  in  the  low-velocity  zone  at  the  farther 
side  of  the  pipe  were  left  open.  In  the  latter  case  the  meter 
would  read  low.  Larger  holes  ininimised  or  delayed  the 
change  in  the  factor,  but  they  did  not  prevent  it. 

Maintenance  of  Equal  Water  Lev  eh  i/t  Co/niecfi/n/  Pipe's. 
― In  measuring  the  comparatively  small  velocity  heads  or 
pressure  differences  available,  it  is  necessary  that  the  recording 
instrument  casing  and  the  connecting  pipes  be  completely 
filled  with  water  and  its  level  be  maintained  equally  in  both 
pipes,  otherwise  a  false  differential  due  to  the  unequal  water 
head  will  result.  At  first  it  was  thouglit  best  to  provide  large 
reservoirs  in  each  connection  and  on  a  level  with  the  point 
where  the  steam  line  is  tapped,  so  that  any  displacement 
caused  by  a  movement  of  the  mercury  in  the  tj- tube  or 
recorder  mechanism,  due  to  a  change  in  the  rate  of  flow,  would 
not  materially  lower  the  water  level  in  one  reservoir.  The 
equal  volume  of  water  that  was  forced  into  the  other  reservoir 
from  the  recorder  drained  back  into  the  steam  pipe.  This 
arrangement  required  excessively  large  reservoirs  to  prevent 
serious  lag  with  a  variable  rate  of  flow.  It  was  realised  that, 
regardless  of  the  size  of  the  reservoir,  accuracy  in  following 
a  variable  rate  of  flow  was  dependent  upon  the  rapidity  with 
wliicli  steam  could  be  condensed  in  the  reservoir  to  replace 
that  which  had  been  drawn  out.  By  providing  sufficient 
radiating  surface  the  size  of  the  reservoir  was  of  secondary 
importance,  so  the  type  of  radiator  shown  in  Fig.  5  was  tried 
and  found  to  be  very  satisfactory.  The  radiator  consists  of  a 
piece  of  ^in.  extra-heavy  copper  pipe,  plugged  on  the  end  which 
is  screwed  into  the  steam  pipe,  with  a  ^in.  hole  drilled  in  the 
top  half  of  the  plug.  A  number  of  specially  designed  washers 
or  fins,  4in.  in  diam.  and  ^in.  thick,  are  pressed  on  to  the 
lin.  pipe  and  give  ample  radiating  surface  to  maintain  sub- 
stantially equal  water  levels  in  the  connecting  pipes,  regardless 
of  fluctuations  in  the  rate  of  flow. 

The  relation  between  rate  of  flow  and  pressure  difference 
substantially  follows  the  V'^  =  2(jh  law  for  the  orifice  as  well 
as  the  pitot  and  venturi  tubes.  This  means  that  for  a  rate 
of  flow  that  is  10  per  cent,  of  the  maximum  allowable  capacity, 
the  pressure  difference  available  to  operate  any  U-tube  indi- 
cator or  other  device  is  only  1  per  cent,  of  the  maximum, 
(To  be  continued.) 
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CYLINDERS  FOR  SINGLE-ACTING  INTERNAL-COMBUSTION 
ENGINES. 

KiGs.  1  and  2  sliow  two  (h'siuns  of  cvlindors  for  single-acting' 
iiitcnial-C(nnl)ustion  engines.  tli(、  invontion  of  Messrs.  Sulzcr 
Bros.,  of  Wintortluir.  Switzerland.  In  l^oth  desit^ns  the  cylindiT 
has  tlu'  starting  valve  and  fuel  injection  valve  arranged  side  by 
sido  and  fho  inner  cylinder  or  liner,  removable  in  the  direction  of 
the  crank,  is  provided  with  an  upper  cylindrical  extension  to 
receive  the  valves,  the  cylinder  liner  and  the  extension  being  in 
one  ])iece.  In  this  way  uneven  strains  are,  it  is  claimed,  prc- 
v(Mitod.  and  the  whole  inner  cylinder  or  liner  can  be  machined  on 
a  latlu\ 

Reforriiig  first  to  Fig.  1，  、、hidi  is  a  longitudinal  section  and 
plan  of  the  cylinder  of  a  2-sti'oke  Diesel  engine,  A  indicates  th(、 
inner  cylinder  or  liner,  B  the  casing.  C  the  top  or  cover  of  the 
casing,  and  L  the  piston  of  the  engine.  The  liner  A  is  provided 
with  ports  D  and  E  for  the  escape  of  the  combustion  gases,  and 
the  admission  of  the  scavenging  and  charging  air  respectively,  as 
well  as  with  an  opening  F  with  a  sleeve  or  extension  M  for  acconi- 
inudatin^  the  fuel  valve  N  and  the  starting  valve  0  which  are 


Fig.  1,  Fi«.  2. 

CTHNDEUS  FOlt  Sin (； LK-ACTIXG  InTKUNAL-COIVIBV&TION  EX(iINKS. 

arranged  side  by  side.  The  outer  cylindrical  casing  B  form's  with 
the  linor  A  a  cooling  jacket.  The  coolinu;  water  is  admitted  at  H, 
])assc.s  through  the  holos  U  and  escapes  again  at  the  top  througli 
the  o])eiiin^s  J.  The  inner  cylinder  or  liner  A  is  introduced  frotii 
below  into  the  casing  B  its  upper  end  I) earing  against  an,  annular 
flan<i(*  K  on  the  underside  of  the  cover  C.  The  liner  A  and  its 
cylindrical  extension  M  are  formed  in  one  piece.  In  the  construc- 
tion shown  in  Fig.  2  the  liner  A  with  its  extension  M  are  held  .up 
against  the  flange  K  of  the  cover  C  by  means  of  an  internal  flango 
P，  a  sectional  rin*;  Q,  its  counter  ring  R,  and  studs  S.  The  part 
T  is  an  annular  cover  [)late  clo.sin<>  th(>  water  jacket  round  tlio 
extension  M.  As  will  bo  seen  from  the  drawings  in  each  construc- 
tion the  liner  and  its  extension  can  bo  macliinod  not  only  inside 
ljut  also  outside  on  a  lathe.  This  form  is  furtlior  advantageous, 
a.s  it  enal)l('s  the  liner  to  withstand  the  lioatinj^;  and  strains  caused 
l>y  til''  f'mnlnistio"  f^ases. 


THE  UNIFLOW  ENGINE.* 

BY  、V.  THINKS. 

The  treml  of  evolution  of  power  supply  in  iron  and  steel 
plants  has  V)een  to  electrify  every  machine,  up  to  and  including 
t  he  main  rolls,  and  to  concent  rate  t  lie  ])ower-generat  ing 
apparatus  in  a  central  power  house  conlaiiiiiig  steam  turbines 
ill  regions  of  clieap  fuel  and  gas  eiigiiiei^  (wit  li  an  auxiliary 

*  Abstract  of  pai)pr  read  befoi'e  the  American  Association  of  Iron  and  Steel 
Electrical  Knfiinecrs.  Scpternljer,  1916. 


steam  turbine  for  overloads)  in  regions  of  dear  fuel.  Into 
this  evolution  stepped  the  uniflow  engine,  which  now  promises 
or  threatens  (depending-  upon  the  view-point)  to  change  the 
inarch  of  events.  In  the  steel  works  power  plant  the  uniflow 
engine  will  have  to  compete  with  the  gas  engine  and  with 
tlie  steam  turbine.  The  gas  engine  uses  7,500  B.T.XJ.  to 
9,500  B.T.U.  per  indicated  hoi'se-power-hour,  whereas  tlie 
uniflow  engine,  running  condensing,  uses  from  11,000  B.T.U. 
to  13,500  B.T.U.  in  the  steam  and  more  in  the  fuel  gas, 
depending  upon  the  boiler  efficiency.  There  is，  in  consequence, 
little  hope  of  replacing  the  gas  engine  by  the  uniflow  engine. 
Ill  comparing  the  engine  and  the  turbine  the  variation  of 
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CHARACTKlUSf IC  WATKll-lt ATI-:  CUIIVJ'.S. 

FiM-  1. —Water-rate  of  Coiui)Oiin(l  ISii^^ine.  Fig.  2.— Flat  \\  ater-iate  Curve  obtained 
from  Uniflow  Engine.  Fig.  3.— Unitlow  Eugine  Oi)e rated  Non-condcnsinj;. 
Kig.  4. 一 Tust  Ke suits  from  Uniflow  Kngint;. 

steam  pressure  and  of  back  pressure  make  it  advisable  to 
leave  the  B.T.U.  basis  and  to  introduce  Rankine-cycle  efficiency, 
which  means  the  ratio  of  the  work  actually  produced  from  a 
unit  weight  of  steam  to  the  work  that  could  be  produced  by 
the  same  weight  of  steam  passing  through  the  Rankiiie  cycle. 
From  a  great  number  of  published  tests  made  on  the  best 
—turbines,  the  author  has  formed  the  following  averages  for 
condensing  operation  : ― 

Size  of  turbine,  kw   500    1,000    2,000    5,000  10,000 

Rankine-cycle  efficiency  : 

Referred  to  brake  h.p   0'G2      O'tjG      0  71      0'77  0'82 

For  non-condensing  operation  the  values  are  much  lower. 

Data  furnished  by  the  Stumpf  Unaflow  Engine  Company, 
tests  made  by  the  author  and  data  from  the  Ames  Iron  Works 
and  the  C.  &  G.  Cooper  Company  indicate  tlie  following  effi- 
ciencies from  31bs.  per  square  inch  back  pressure  above  atrno- 
sphere  down  to  about  23in.  of  vaciuun. 

Size  of  engine,  k\y   300  (>00 

Efficiency  : 

Saturated  steam   71  74 

100  dog.  superheat   7'「>  77 

200  (leg.  superheat   78  71) 

For  high  vacuum  (about  27:lin.) : 

Saturated  "   58  (i2 

100  dog.  superheat   62  05 

200  deg.  superheat   06  08 

The  values  may  vary  somewhat  to  one  side  or  the  other, 
but  the  general  tendency  is  apparent.  For  iion-condeusing  oper- 
ation for  100°  superheat,  for  moderate  vacuum,  and  for  sizes 
up  to  1,000  kw.  the  uniflow  engine  is  more  economical  than 
the  tmloine.  It  will,  therefore  find  a  place  in  comparatively 
small  power  plants  and  in  such  locations  where  2 Sin.  of  vacuum 
or  better  is  not  attainable.  It  will  also  be  preferred 
for  generating  direct  current,  because  turbines  for  the 
generation  of  direct  current  wlien  directly  connected  are 
too  slow  for  best  economy.  If  tliey  are  to  operate  at  economi- 
cal speed,  gears  must  be  introduced.  Evidently  the  uniflow 
engine  will  have  a  limited  field  in  the  steel  works  power  plant. 

For  the  driving  oi'  rolling  mills  the  uniflow  engine  was 
compared  with  elect ric  drive  and  with  the  older  type  of  duo- 
flow  engine.  In  comparison  with  electric  d rive  the  steam  engine 
does  away  with  the  electric  generator,  the  switchboard,  tlie 
transmission  line,  and  the  motor,  but  it  takes  undesirable 
piping  into  tlie  mill.  The  elimination  of  the  electrical  part 
means  that  a  comparison  must  be  made  of  the  Rankine-cycle 
( fficiency  of  the  engine  to  the  Raiikine-cycle  efficiency  of  tlie 
tur])iiie,  including  generator,  transmission  line,  and  motor. 
All()wiii< t  he  liii^li  efficiencies  of  92  per  cent,  for  the  generator, 
98  |)ci-  cent .  Cor  i  lie  traiisniission  line,  and  92  per  cent,  for  the 
motor,  it  is  necessary  to  multiply  the  t'urbiiie  efficiencies  by 
0"83  for  comparison  with  the  dim' 卜 connected  engine.  This 
procedure  Furnishes  : ― 
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»Si -"、  of  turbines  kw  

Jlankim'  owk'  oIliciiMiry  : 
Ivofdivd  t'>  lUdtor  sliatt 
IxctVrnHl  to  mill  shaft  


50(»    ],(»()(»    2.000    5.(»00  I0,(»»0 


：)4 
50 


:>i» 
55 


(>1 
60 


The  lower  row  of  figures  was  oblained  by  multiplying  t lie 
upper  row  by  0  %'「）  x  0'9(5.「)，  this  ligure  taking  care  ol'  the 
cdicioncy  of  two  speed  reductions  from  the  motor  to  t lie  mill. 
A  st u<lv  of  llie  resulting  values  shows  that  the  luiiflow  engine 
is  ahoad  of  tlic  electric  drive,  unless  the  steel  plai"'  is  so  large 
and  the  load  such  tliai  turbo  units  of  over  8，0()0  kw.  capacily 
can  be  instalkn]. 

The  economy  of  the  uniilow  engine  com  pared  to  tli;U  of  the 
steam-turbine  electric  drive,  taken  by  itself,  is  not  enough 
to  explain  why  the  uniflow  engine  should  fare  difTerently 
from  the  compound  engine.  The  Raiikine-cycle  efficiency  of 
II  good  compound  engine;  is  practically  the  same  as  that  of 
the  uniflow  engine,  but  there  is  one  vital  difference  :  To  obtain 
that  high  efficiency,  the  compound  engine  must  have  a  small 
liigli-pressure  cylinder  (which  cuts  down  condensation  area),  but 
the  small  size  of  the  latter  means  a  small  overload  capacity 
and  quick  departure  from  best  efficiency  for  comparatively 
small  cliaiiges  of  load.  Fig.  1  illustrates  tlie  water-rate  load- 
curve  for  a  well-known  compound  engine.  Comparison  of  tins 
curve  with  the  typical  water-rate  curve  of  a  20in.  by  22iii. 
nuiflow  engine,  Fig.  2,  shows  tlie  latter  curve  to  be  much 
Hatter.  Tlie  uniflow  engine  operated  at  a  pressure  of  1431bs. 
lo  1481bs.,  a  superheat  of  65。  to  75。，  a  vacuum  of  25in.  to  26in., 
and  a,  speed  of  200  revs,  per  minute. 

Mill  loads  are  notoriously  variable,  because  small  varia- 
tions in  draught,  temperature  of  steel,  velocity  of  rolling,  &c.， 
cause  disproportionately  great  changes  in  resistance.  It  is 
not  possible  to  exactly  foretell  what  the  load  will  be,  and 
it  is,  therefore,  of  the  utmost  importance  to  secure  a  drive 
which  permits  overloading  or  underloading  without  serious 
change  of  economy. 

The  old  type  simple  duoflow  engine,  the  old  reliable  stand- 
by of  the  rolling  mill  for  over  50  years,  cannot  be  considered 
here.  It  is  so  wasteful  that  its  low  price  is  more  than  offset 
by  increased  cost  of  boiler-house  equipment,  not  to  mention 
the  continuous  cost  of  fuel  and  water.  It  retained  its  place 
in  the  mill  a  long  time  by  reason  of  its  simplicity  ；  it  was 
replaced  here  and  there  by  the  compound  engine  on  account 
of  its  wastefulness.  The  uniflow  engine  combines  the  simplicity 
and  overload  capacity  of  the  simple  engine  with  the  economy 
of  the  compound  ；  it  has  the  added  advantages  that  its  over- 
load capacity  is  even  greater  than  that  of  the  simple  engine 
and  that  its  economy  is  sustained  over  a  greater  range  of 
load.  Finally,  it  has  few  moving  parts  and  takes  up  much  less 
floor  space  than  the  com  pound  engine. 

Variation  in  back  pressure  naturally  affects  the  operation 
of  the  uniflow  engine.  However,  the  vacuum  may  (with  4 
j)er  cent,  clearance)  vary  from  19in.  to  27iii.  of  mercu ry  with- 
out unduly  high  compression  or  pounding  (due  to  lack  of  com- 
pression)^' If  the  vacuum  fails  altogether,  clearance  is  auto- 
matically added  to  keep  the  compression  down. 

From  personal  experience  the  author  knows  that  a  uniflow 
engine  with  direct-current  generator  cost  less  than  a  geared 
steam  turbine  with  generator.  From  this  it  may  be  con- 
cluded that  an  engine  without  generator,  direct-connected  to 
the  mill,  will  cost  less  than  a  turbine  plus  generator,  plus 
switchboard,  plus  motor,  plus  gear  drive 

The  secret  of  the  economy  of  the  uniflow  engine  lies  princi- 
pally in  reduction  of  internal  cylinder  condensation.  In  the 
diioflow  single-expansion  engine,  cylinder  condensation  is  so 
great  that  a  very  great  free  expansion  loss  must  be  allowed 
for  best  economy  (or  rather  for  niiiiimiim  wastefulness).  lu 
the  corn  pound  and  triple-expansion  engine  cylinder  conden- 
sation is  reduced  so  tliat  the  free  expansion  loss  can  also 
be  reduced,  but  nieclianical  losses  due  to  the  passing  of  tlie 
sLeam  tlirougli  so  many  valves  become  great.  Tii  tlie  duoflow 
engine  the  cylinder  head,  cylinder  barrel  and  piston  head  are 
Hlternately  heated  and  cooled  by  live  and  exhaust  steam  sweep- 
ing over  them  and  wiping  heat  "  on  and  off."  In  tlie  uniflow 
engine  only  the  piston  head  has  heat  wiped  off  during  the 
extremely  short  period  of  exhaust,  the  steain  near  tlie  place 
of  entrance  of  live  steam  being  at  rest  like  the  fixed  end  of  an 
expanding  coiled  sprinj^  during  exhaust,  and  like  that  of  a 
compression  spring  during  co 川 prespioii.  Besides,  the  cylinder 
head  and  ]>art  of  the  barrel  are  steam-jacketed,  and  steam- 
jacketed  surfaces  are  cooled  very  little  by  stagnant  steam.  It, 

*  According  to  experience  of  the  C  &  G.  ( 'ooper  Company. 


jnay  bo  remarked  I  liat  the  tnvrv  provision  of  a  <renl r;Ll 

cxliHUst  does  not  l)ring  ahoul  ； i  smcx's.sImI  uiiillow  eii"'im，  ；  t lie 
sloarn  jackol  in*;  of  the  I  leads  and  of  part  of  1  he  harr (； I  must 
wii  li  ii ,  to  pioduco  the  tlionnocl}Miami('  supci  ioril y  over  the 
cluoHow  engine. 

lu  t  he  duoflow  engine,  loii"f  compression  mca ns  i nci  cascci 
steain  consurnpt ion,  principally  l)ecause  the  sioairi  tempera- 
ture exceeds  the  ("yliiuler  (or  jjiston)  wall  lernperai urc  n 
longer  time  than  it  would  with  shorter  (•()"】 piesHi (川.  J  n  t  lie 
Sl.unij)f  Unaflow  engine  t lie  steain  that  is  beinf^  compressed  is 
ill  contact  with  progressively  hotter  surfaces,  with  the  excep- 
tion of  that  of  the  piston,  and  llie  steam  temper;itme  never 
rises  much  above  the  wall  temperature. 

The  second  reason  for  the  economy  of  the  uniilow  engine 
lies  in  the  enforced  or  compulsory  tightness.  Steam  cannot 
leak  from  the  live-steam  space  to  ilie  exhaust.  If  the  inlet 
valves  are  leaky  to  any  extent,  the  compression  rises  so  quickly 
that  the  inlet  valves  clatter  and  give  notice  to  t  he  engineer 
that  some  thing  is  wrong. 

The  development  of  the  uniflow  engine  iu  the  United  States 
has  been  slow.  It  began  in  a  small  way  in  1912.  The  C. 
and  G.  Cooper  Company,  of  Mount  Vernon,  Ohio,  ilie  Nord- 
berg  Manufacturing  Company,  of  Milwaukee,  Wis.,  and  tlie 
Mesta  Machine  Company,  of  Pittsburg,  Penn.,  began  almost 
simultaneously  to  build  experimental  engines.  All  tliree 
firms  moved  cautiously  and  equipped  their  engines  with  the 
" old  reliable "  Corli&s  gear  ；  all  three  found  out  that  the 
Corliss  releasing  gear,  in  its  usual  form,  is  not  ideal  for  the 
uniflow  engine,  because  the  cut-off  is  so  short,  because  modern 
plants  carry  high  pressure  with  superheat  and  because  tlie 
pressure  drops  so  fast  after  cut- off  that  the  valve  becomes 
unbalanced  too  quickly  for  the  ordinary  design  and  size  of 
vacuum  pot.  In  consequence,  the  M etta  Machine  Company, 
and  the  Nordberg  Company,  switched  over  to  puppet- valve 
gears,  while  the  Cooper  Company  adapted  its  Corliss  gear  and 
vacuum  pot  to  the  new  conditions.  The  Mesta  Machine  Com- 
pany made  its  poppet-valve  gear  non-releasing,  while  the  Nord- 
berg Company  adopted  a  releasing  gear. 

The  smaller  sizes  of  uniflow  engines  have  been  developed 
by  the  Ames  Iron  Works,  of  Oswego,  N.Y.，  and  by  the  Skinner 
Engine  Company,  of  Erie,  Penn.  The  Ames  Iron  Works, 
from  the  very  beginning,  adopted  poppet-valve  steam  distri- 
bution, with  shaft  governor  drive.  This  design  is  well  adapted 
for  small  engines  up  to  400  h.p.  or  500  h.p.,  and  is  very  success- 
ful. For  larger  sizes  and  high  steam  temperature  it  is  not 
so  well  suited,  because  the  difference  in  expansion  between  the 
valve  rod  and  the  cylinder  becomes  too  great  and  disturbs 
steam  distribution.  For  poppet-valve  engines  above  500  h.p. 
the  layshaft  drive  is  preferable. 

In  the  sizes  built  by  the  Ames  Iron  Works,  a  self- 
supporting  piston  guided  at  the  crank  end  only  is  perfectly 
satisfactory.  In  larger  sizes  this  same  design  leads  to  a  great 
deal  of  -trouble.  On  account  of  difference  in  expansion  the 
piston  must  be  a  loose  fit  in  the  cylinder.  The  guiding  of 
the  piston  by  the  crosshead  is  imperfect.  The  piston,  there- 
fore, wobbles  around  in  the  aylizider.  riding  now  on  one  spot, 
then  oil  another,  never  wearing  itself  ii，，  but  rapidly  wearing 
itself  out.  In  large  engines  of  German  design  a  tail-rod 
guide  has  been  provided,  not  so  much  for  the  purpose  of  carry- 
ing the  piston,  but  mainly  for  the  purpose  of  guiding  it  so 
that  it  will  always  touch  tlie  cylinder  in  a  large  surface. 
American  engineers  have  gone  one  step  farther  and  have  made 
the  piston  rod  strong  eiiougli  to  carry  the  piston. 

The  early  part  of  the  practical  development  was  thorny. 
Cracked  cylinders,  heads,  and  bedplai  es  caused  trouble  ；  valve- 
gear  troubles  and  regulation  troubles  had  to  be  overcome, 
pistons  and  cylinders  wore  too  rapidly.  But  the  problems 
have  all  been  solved,  and  the  future  promises  to  be  free 
from  any  obstacles  whatsoever.  Whatever  troubles  were 
experienced,  naturally  appeared  more  forcefully  in  the  larger 
sizes,  with  the  result  that  the  smaller  sizes  have  made  more 
progress  in  nunibers  llian  the  larger  sizes.  It  can  safely  be 
said  that  the  luiiflow  engine  to-day  is  as  reliable  as  the  sim- 
plest engine  of  the  duoflow  type. 

Figs.  3  and  4  show  the  steam  consuiviption  of  various  types 
and  sizes  of  uniilow  engines.  Tlie  results  in  Fig.  3  were 
o])taiue(l  from  a  1  Oiu.  by  22iii.  eii^^ine  operating  on  saturated 
steain  at  1 2 5 lbs.  pressure  and  atniosplieric  exhaust.  Its 
normal  rating  is  240  i.h.i).,  and  tlie  speed  is  200  revs,  per 
minute.  Fig.  4  was  made  up  from  actual  test  results  obtained 
from  larger  engines. 
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HEAVY-OIL  ENGINES.* 

BY  S.  B.  DAUGHERTY. 

{(  \>)icl udtd  from  pfiyf  So 2), 

Success  in  iJiesel  En  (fine  ()  pevfft  ion . ― Ou  the  showing  of 
economy  of  the  Diesel  engine,  one  might  ask  why  the  engines 
are  not  in  more  general  use,  since  the  United  States  is  the 
great  producer  of  oil  and  power  is  so  universally  used.  One 
answer  is  that  those  who  are  in  a  position  to  reap  the  most 
benefit  are  not  aware  of  the  possibilities.  Perhaps  they  have 
heard  of  an  oil  engine  installation  that  has  not  come  up  to 
expectations.  Without  investigation,  they  immediately  con- 
demn oil  engines  in  general.  Ur  it  may  be  that  even  when 
an  engine  of  a  suitable  type  has  been  installed^  satisfactory 
operation  is  not  obtained  ou  account  of  the  failure  of  the  men 
in  charge  to  properly  care  for  the  engine. 

It  is  evident  that  in  a  machine  that  requires  uniformly 
high  pressure  to  properly  ignite  the  fuel  charge,  any  appre- 
ciable leakage  of  valves  or  piston  rings  results  in  faulty  igni- 
tion. This  applies  to  the  compressor  which  furnishes  the 
spraying  air  as  well  as  to  the  power  cylinder.  On  the  other 
hand,  a  little  intelligent  care  will  prevent  trouble  of  this  kind. 
I  know  of  no  case  where  the  proverb,  "  a  stitch  in  time  saves 
nine/'  is  more  applicable. 

Another  cause  of  trouble  that  is  avoidable  is  overloading. 
A  moment's  consideration  will  make  plain  the  ill-effects  of 
overloading.  In  any  internal-combustion  engine  the  amount 
of  fuel  burned  is  limited  by  the  oxygen  in  the  charge  of  air 
at  the  end  of  the  compression  stroke.  In  the  case  of  a  Diesel- 
type  engine  the  time  available  for  burning  the  fuel  charge 
at  full  load  will  not  exceed  35°  of  crank  travel.  In  the  case 
of  an  engine  running  200  revs,  per  minute  this  is  equivalent 
to  of  a  second.  During  the  time  the  oil  must  enter  the 
cylinder,  come  in  contact  with  the  necessary  oxygen,  and  be 
consumed.  There  must  of  necessity  be  some  excess  oxygen  in 
order  to  effect  complete  combustion  of  the  fuel.  The  effect  of 
overloading  is  to  increase  the  fuel  charge  so  that  tlie  amount 
is  greater  than  can  be  burned  clean  with  the  air  that  is 
available.  The  result  is  that  combustion  continues  after 
expansion  has  begun,  and  if  the  overload  is  great  it  may  even 
be  that  the  charge  will  be  still  burning  when  the  exhaust  valve 
is  opened.  The  temperature  of  the  exhaust  gases  is  then  so 
far  above  normal  that  the  valve  becomes  distorted  with  the 
heat,  causing  leaks  which  still  further  aggravate  the  trouble. 
If  an  engine  be  allowed  to  run  with  a  leaking  valve  it  is  only 
a  question  of  a  few  hours  until  both  valve  and  seat  will  be 
cut  out  by  hot  gases  blowing  through  at  liigli  velocities.  The 
secret  of  success  in  operating  a  Diesel  engine  is  in  taking  care 
of  just  such  relatively  small  items.  When  you  find  an  owner 
who  condemns  this  type  of  engine,  you  will  generally  find 
that  he  is  careless,  and  allows  his  engine  to  get  out  of  order 
in  some  small  particular,  ami  then  complains  about  unrelia- 
bility, high  cost  of  repairs,  &c. 

Field  of  the  l)lf>ie]  E ng'nie. ― The  Diesel  engine  has  a 
fairly  well-defined  field  in  which  it  will  have  no  competitor 
when  its  merits  are  known  and  appreciated.  This  is  the  rela- 
tively small  plant  which,  when  steam  operated,  is  usually 
inefficient.  In  generating  electric  current  for  a  small  town, 
savings  are  effected  that  would  justify  the  installation  of  the 
Diesel  engine  if  ihe  cost  were  two  or  three  times  what  it 
actually  is.  For  instance,  a  300  h.p.  engine  is  effecting  a 
saving  of  i^l，000.00  per  month  in  fuel.  In  another  case  a 
60  h.p.  is  saving  i:?2, 500.00  a  year.  In  ice  making  the  cost  of 
fuel  per  ton  of  ice  with  oil  at  3  cents  per  gallon  is  around  18 
to  20  cents  per  ton  of  ice  produced.  This  includes  driving  all 
the  auxiliaries,  lighting  tlie  plant,  &c.  For  pumping,  the 
combination  af  an  oil  engine  with  a  geared  power  pump 
makes  a  pumping  unit  that  has  a  higher  thermal  efficiency 
than  the  best  crank-and-flywheel  pumping  engine  ever  built, 
and  this  efficiency  can  be  obtained  when  the  oil  engine  is  only 
65  li.p.,  corn])ared  with  hundeds  of  horse-power  in  the  steam- 
driven  pump.  This  means  that  in  parts  of  the  country  where 
oil  is  used  under  boilers,  oil-en ^ne  driven  pumps  in  small 
units  are  pumping  water  cheaper  than  is  done  by  the  largest 
steam-driven  pumps.  Of  course,  where  heat  units  in  coal  can 
be  purchased  cheaper  than  heat  units  in  oil,  this  advantage 
of  ihe  higher  efficiency  of  tlie  oil  engine  is  offset,  but  it  is 

•  Paper  presented  at  a  meeting  of  tlie  Chicago  section  of  tho  American  Society 
of  Mechanical  Engineers,  March  17th,  1916. 


probable  that  there  is  no  place  in  the  United  States  where  the 
power  requirements  for  pumping  are  around  50  h.p.  to  60  h.p. 
that  an  oil-engine  driven  pump  would  not  be  the  most  econo- 
mical, all  things  considered. 

The  ability  to  generate  electric  power  cheaply  by  means 
of  Diesel  engines  has  led  to  the  installation  of  engines  of 
this  type  in  the  phosphate  mining  industry  in  Florida.  The 
load  conditions  are  almost  ideal  for  the  realisation  of  high 
economy.  The  plants  are  operated  continuously  except  for  a 
Sunday  shut  down.  It  lias  been  found  that  multi-stage  centri- 
fugal pumps  motor  driven  will  deliver  water  at  the  high  pres- 
sure required  for  hydraulic  mining  at  an  expense  that 
compares  most  favourably  with  compound  condensing  pump- 
ing engines.  The  advantage  of  this  combination  lies  in  the 
ability  to  shift  the  pump  and  motor  with  but  little  trouble 
as  the  mining  progresses,  thereby  saving  the  expenses  and 
losses  due  to  extending  pipe  lines  from  a  permanently  located 
pumping  unit. 

The  pipe-line  companies  have  come  to  appreciate  the  merits 
of  the  oil  engine  for  driving  pumps.  A  large  number  of  units 
have  been  installed,  mostly  of  relatively  small  sizes,  the  100 
h.p.  De  La  Verg^ie  engine  having  been  very  papular.  But 
now  that  horizontal  Diesel  type  engines  are  to  be  had 
iarger  units  are  being  used.  The  economies  effected  are  such 
that  it  is  only  a  question  of  time  when  steam  engines  for  this 
service  will  be  abandoned. 


APPLIANCES  FOR  HANDLING  MATERIAL  AT  PORTS, 

BY  SIR  JOHN  PURSER  GRIFFITH,   M.A.I.,  M.TNST.C.E. 

{Von  f  inned  f  rom  page  JJ/O.) 

flan^ll'nif/  A  2)pliances  on  the  liiver  Thames. ― The 
enormous  importation  of  coal  into  the  Thames  for  domestic 
and  manufacturing  purposes  has  naturally  resulted  in  some 
of  the  best  installations  in  this  country  for  the  discharge  of 
coal  being  found  in  the  Port  of  London.  Although  there  is 
some  admirable  equipment  beloiigiyg  to  the  several  gas  com- 
panies, yet  I  propose  confining  my  reference  to  the  plant 
used  by  Messrs.  William  Cory  &  Son,  Ltd.  I  am  especially 
indebted  to  their  engineer,  Mr.  H.  Shoosmith,  M.Inst.C.E., 
for  information  and  facilities  to  inspect  the  company's  plant. 
This  plant  represents  the  experience  gained  from  a  very  large 
coal  trade,  extending  over  a  period  of  50  years. 

In  1858  Messrs.  Cory  took  the  first  step  in  the  mechanical 
discharge  of  coal.  They  purchased  a  hulk,  or  barge,  which 
had  been  built  for  wreck-lifting,  and  was  of  considerable 
beam.  On  this  they  erected  six  hydraulic  cranes,  made  by 
Messrs.  Armstrong,  three  on  each  side  of  the  barge.  The 
barge  was  fitted  with  a  gasworks,  hydraulic  plant,  and  cap- 
stans, and  was  so  successful  that  a  few  years  later  the  firm 
constructed  a  duplicate  plant.  The  two  barges  were  called 
" Atlas  No.  1  "  and  "  Atlas  No.  2."  For  some  20  years  they 
were  the  recognised  stations  for  discharging  steam 
colliers  ou  the  Thames  ；  and  the  standard  specification  for  a 
steam  collier  to  trade  to  the  Thames  was  that  the  hatches 
should  be  made  to  fit  Cory's  derricks.  As  colliers  increased 
in  size,  four  additional  cranes  were  fitted  on  these  barges, 
one  on  each  corner,  with  long  jibs,  which  derricked  or 
luffed,  so  as  to  vary  the  radius.  These  barges  were  in  use  up 
to  tlie  year  1900. 

The  next  development  was  the  introduction  of  coal  grabs, 
in  consequence  of  labour  troubles.  In  1889  Messrs.  Cory- 
built  a  derrick  pontoon,  550ft.  in  length.  This  allowed  two 
ordinary  sized  colliers  to  discharge  on  one  side  of  the  pon- 
iQon.  The  pontoon  was  fitted  with  luffing  cranes  and  grabs 
which  discharged  the  coal  from  the  steamers  into  hoppers  on 
tlie  pontoon.  From  the  hoppers  the  coal  descended  into  an 
automatic  weighing  machine,  which  discharged  the  coal 
inta  a  reservoir  or  bin,  from  which  it  was  discharged  into 
river  barges  on  the  opposite  side  of  the  pontoon  from  the 
sliip.  This  pontoon,  known  as  "  Atlas  No.  3，"  discharged  on 
an  average  l\  million  tons  of  coal  per  annum,  and  was  con- 
tinuously at  work  on  the  Thames  until  1915，  when  it  was 
requisitioned  for  use  in  the  port  of  Rouen.  When  being 
towed  across  the  Channel,  it  encountered  a  very  heavy  storm 
and  foundered  off  Dungeness.    On  account  of  the  obstruction 

*  Tlio  *'  James  Forrest "  Lecture,  191(^,  delivored  before  the  Institution  of  Civil 
Engineers. 


November  10,  191(5] 


THE    MECHANICAL  ENGINEER. 


3G9 


ill  the  river,  the  London  Port  AuUiority  would  not  allow 
aiiot her  coal  pontoon  to  be  moored  in  llio  river  cliannel. 
Subsequent  additions  to  the  coal  liaiulliiii^-  plant  of  Messry. 
tW*v  were  made  ashore. 

A  bout  tho  year  1 900  Messrs.  Vory  reconstructed  one  oF 
their  Erith  wharves,  and  erected  on  it  five  electric  hiffing 
cranes  fitted  with  Hone  grabs,  A  few  years  later  the  EritJi 
pier  was  rebuilt,  and  furnished  with  five  transporters,  to 
work  double  chain  grabs.  The  transporters  were  designed 
so  that  the  grabs  could  be  raised  or  lowered,  opened  or 
closed,  while  the  grabs  were  in  transit.  These  transporters 
are  used  for  unloading  coal  from  the  ship,  either  into  rail- 
way trucks  oil  the  pier  or  into  barges  alongside.  The  trans- 
porters are  fitted  with  automatic  weighing  machines,  which 
have  been  brought  to  great  perfection,  being  accurate  and 
reliable.  The  disadvantage  of  this  form  of  transporter  is 
that  the  grab  cannot  be  rapidly  lowered  into  any  part  of  the 
hatchway,  and  in  their  more  recent  installations  Messrs.  Cory 
have  reverted  to  the  luffing  crane.  These  cranes,  coupled 
with  similar  weighing  machines  to  those  in  use  at  Erith  on 
the  transporters,  have  worked  more  satisfactorily.  The  size 
of  the  steam  collier  has  steadily  increased,  and  in  rebuilding 
the  coaling  jetty  at  Galleons,  Albert  Dock,  it  was  decided  to 
be  prepared  for*  vessels  up  to  8,000  tons.  The  cranes  for 
this  depot  have  been  made  with  a  maximum  radius  of  83ft. ， 
so  as  to  clear  such  a  vessel  and  load  into  barges  overside.  The 
cranes  are  fitted  with  double  chain  grabs,  and  are  provided 
with  automatic  weighing  machines. 

At  Dagenham  Dock,  Messrs.  Samuel  Williams  &  Sons 
have  an  admirable  coal-discharging  plant  of  the  straight  line 
transporter  type,  but  smaller  than  those  in  use  at  Erith. 
The  cantilever  extending  over  the  ship  can  be  run  in  at  will 
and  housed  so  that  there  is  no  difficulty  in  bringing  a  vessel 
alongside. 

Ore  and  Mineral  Handlitu/  Mavhi/ierj/. ― The  success  of 
the  steel  industry  in  the  United  States  of  America  is  princi- 
pally due  to  the  scientific  treatment  and  economical  hand- 
ling of  the  iron  ore  and  the  coal.  The  problem  of  bringing 
togetlier  the  coal  and  iron  ore  is  often  one  of  great  magni- 
tude. Distances  of  over  1,000  miles  separate  the  iron  mines 
around  Lake  Superior  and  the  coal  deposits  of  Pennsylvania. 
Yet  this  transport  has  been  so  successfully  and  economically 
done  that  the  great  steel  works  of  Pittsburg  have  developed 
as  a  consequence.  Some  of  the  most  striking  developments 
of  appliances  for  handling  minerals  and  ore  have  been  asso- 
ciated with  this  great  industry.  From  the  mines  the 
ore  is  brought  by  rail  to  the  lake  port,  where  special  docks 
have  been  constructed  at  which  the  lake  steamers  are  loaded. 
At  these  docks  huge  bins  have  been  built,  over  which  the 
trains  of  wagons  run  and  drop  their  loads.  From  these  bins 
the  ore  can  be  discharged  by  shoots  into  every  hatch 
simultaneously.  The  great  charm  of  this  arrangement  is 
that  the  bin  storage  ensures  continuous  loading,  and  vessels 
are  not  delayed  awaiting  the  delivery  of  the  ore  by  tlie 
wagons. 

Ore  Transport  Steamers  o"  the  A  merira/i  Lal-rs. —― Speci- 
ally-designed steamers  are  features  of  this  trade.  The  follow- 
ing description  of  one  of  the  more  recent  steamers  will  serve 
to  describe  the  class  as  a  whole,  although  dimensions  vary. 
The  vessel  I  have  in  mind  is  560ft.  in  length  over  all,  56ft. 
beam,  and  32ft.  in  depth.  The  cargo  hold  is  free  from  stan- 
chions and  cross-bracing  or  bulkheads.  The  sides  and  ends  of 
'the  hold  slope  in  the  form  of  a  hopper.  The  hold  in  the 
instance  referred  to  is  409ft,  long,  43ft.  wide  at  the  top,  and 
24ft.  wide  at  the  bottom.  Arched  transoms  span  the  hold 
about  12ft.  apart.  These  transoms  support  the  upper  works 
and  hatch  covers.  The  vessel  carries  11,000  tons  of  ore, 
and  is  fitted  with  water  ballast  tanks  in  the  double  bottom 
and  sides.  The  decks  are  of  such  a  form  and  size  that  several 
vessels  can  be  loaded  at  the  same  time.  At  Duluth  in  one 
dock  64,000  tons  of  ore  have  been  loaded  into  14  vessels  in 
24  hours,  or  au  average  load  per  vessel  of  4,571  tons. 

The  unloading  of  vessels  is  what  limits  the  speed,  and  a 
study  of  the  various  methods  adopted  is  of  great  interest. 
I  should  like  to  refer  briefly  to  the  Hulett  system,  which,  as 
far  as  I  have  been  able  to  discover,  is  one  of  the  most  effective 
methods  in  use  on  tlie  Great  Lakes.    The  Hulett  unloaders 


are  desiirnod  to  work  cither  hy  sioani  or  electricity.  The 
niacliiiies  coiisiHt  of  a  movable  crano  or  gantry,  travelling 
along  tracks  parallel  to  the  waterway,  atul  spanning'  any 
desired  miniber  of  railway  tracks.  This  <(aiilry  carries  two 
gii'ders  at  right  angles  to  the  face  of  the  dock.  A\on^  these 
girders  a  trolley  or  carriage,  carrying  a  walking  frajne, 
travels  backwards  and  forwards.  At  tlie  outer  end  of  this 
beam  there  is  a  vertical  leg,  at  the  lower  end  of  wliicli  is  the 
scoop  or  grab,  having  a  capacity  of  from  3  to  17  tons.  This 
leg  is  liung  on  trunnions,  and  can  be  rotated  in  either  direc- 
tion. By  means  of  hoisting  mechanism  the  walking  beam 
is  made  to  oscillate  up  and  down,  carrying  the  leg  and  grab 
down  into  the  vessel's  hold,  ami  up  again  on  to  the  quay. 
These  machines  are  primarily  designed  for  "handling  ore  from 
the  ship  to  the  railroad  car  direct,  but  when  it  is  necessary 
to  store  the  ore  for  a  length  of  time  in  stock  piles,  the  crane 
or  gantry  is  provided  with  a  cantilever  extension,  runiiing 
back  at  a  sufficient  elevation,  to  clear  the  piles  of  ore. 

In  working  the  unloader,  the  trolley  or  carriage  runs  out 
on  the  girders,  the  outer  or  water  end  of  the  walking  beam  is 
brought  down  till  the  bucket-carrying  leg  enters  the  hatch, 
and  the  grab  rests  on  the  ore  iu  the  hold.  The  grab  is  then 
closed,  the  leg  raised,  and  the  trolley  brought  back  into  a 
position  from  which  the  ore  can  be  dumped  through  a  shoot 
into  the  railway  cars  beneath,  or,  after  running  up  the  canti- 
lever extension,  on  to  the  stock  pile.  The  operator  controlling 
all  the  motions  of  the  machine,  except  moving  along  the  dock, 
stands  iu  the  leg  immediately  over  the  grab,  going  down 
through  the  hatch  with  it,  and  watcliing  the  operations  of 
the  grab  very  closely.  By  means  of  the  rotating  trunnion, 
the  operator  is  able  to  make  the  grab  reach  all  the  ore  in  the 
vessel.  The  wide  open  spread  of  these  grabs  is  from  18ft.  to 
20ft.  These  machines  have  removed,  without  trimming,  95 
per  cent,  of  the  cargo  of  a  modern  vessel,  with  a  minimum 
rate  of  unloading  of  200  tons  per  hour,  and  a  maximum  of 
680  tons. 

The  Brown  Hoisting  Machinery  Company,  of  Cleveland, 
Ohio,  have  constructed  some  excellent  coal  and  ore  liandliiig 
plant,  and  have  been  kind  enough  to  obtain  for  me  some 
photographs  of  the  most  striking  examples.  Amongst  these 
is  the  coal  handling  installation  of  the  Pittsburg  Coal  Dock 
Company  at  Duluth,  Minn.  It  is  said  to  be  the  largest  in 
the  world,  capable  of  taking  coal  from  steamers  to  a  1,000,000 
tons  storage  yard  at  the  rate  of  1,500  tons  per  hour.  A 
special  automatic  screening  apparatus  is  provided  for  sepa- 
rating the  coal  into  the  various  marketable  grades.  Another 
interesting  plant  is  at  work  at  Fairport,  Ohio,  and  consists  of 
six  fast  unloading  electric  trolley  grabs,  delivering  ore  from 
the  ship  either  to  rail  or  store.  Five-ton  grabs  are  used,  and 
10,000  tons  of  ore  have  been  discharged  in  9  hours. 

Graiu-hdudliiH/  A  pplianres. —— England  lagged  behind  in 
the  adoption  of  grain-handling  appliances,  and  we  are  still 
familiar  with  old  methods  of  filling  the  grain  into  sacks  in  the 
holds  of  vessels,  hoisting  the  sacks  on  deck  by  hand  or  steam 
winches  for  weighing  and  adjustment,  transferring  the  sacks 
on  men's  backs  to  carts  or  railway  wagons,  whence  they  are 
transferred  to  the  granaries.  The  granary  in  these  islands, 
until  a  comparatively  recent  date,  consisted  of  a  warehouse 
with  floors  on  which  the  grain  was  stored  to  variable  depths 
by  manual  labour.  The  first  advance  was  the  introduction 
of  elevators  for  raising  the  grain  to  the  several  floors,  and 
belts  and  shoots  to  distribute  the  grain  over  the  floors. 
Gangs  of  labourers  were,  however,  still  employed  for  turning 
it  over  for  cooling. 

In  America,  at  a  very  early  date,  the  handling  of  grain 
became  a  pressing  problem.  The  ecouoniical  transit  of  grain 
from  the  freshly  broken- up  prairies  of  the  West  to  the 
European  markets  was  a  matter  of  vital  importance  to  the 
Western  States.  Dearth  of  labour  gave  the  impetus  to  the 
invention  and  introduction  of  mechanical  appliances,  and  the 
erection  of  silos,  or  bin-stores,  was  one  of  the  earliest  and 
most  important  steps.  The  combination  of  elevators  and 
silos  solved  the  problem  of  storage.  The  force  of  gravity  was 
utilised  in  every  possible  way.  The  mechanical  elevator 
raised  the  grain  in  the  most  economical  manner  to  any 
required  height,  from  whence  it  could  be  distributed  by 
gravity  from  the  store  to  the  wagons,  sliips,  or  barges.  Even 
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after  great  progress  liad  been  made  in  tlie  loading  ports  of 
the  United  States,  the  handling  of  grain  at  the  discharging 
ports  of  Europe,  and  specially  at  those  of  the  British  Isles, 
was  antiquated  and  costly. 

Considerable  progress  has,  however,  been  made  of  recent 
years  in  the  discharge  and  handling  of  grain  in  our  European 
ports  by  the  introduction  of  fixed  or  portable  elevators  on 
land,  or  by  floating  elevators  in  the  docks  and  harbours. 
The  elevator  leg  with  its  chain  of  buckets  is  lowered  into  the 
hold  of  the  vessel  where  grain  is  carried  in  bulk.  These 
elevators  are  worked  by  steam  or  electricity  and  discharge 
the  grain  ashore,  or  into  barges  or  vessels  lying  alongside. 
The  pneumatic  discharge  of  grain,  wliicli  was  introduced  by 
Mr.  Duckniaii,  of  the  Milhvall  Docks,  about  the  year  1890， 
lias  of  recent  years  made  considerable  progress,  especially 
abroad.  Suction  pipes  are  lowered  into  the  ship's  holds,  and 
the  grain  extracted  and  delivered  into  adjoining  stores,  or 
overside  into  barges  or  ships.  Although  a  British  invention, 
it  has  been  chiefly  developed  in  the  principal  continental 
ports.  A  large  number  of  floating  pneumatic  elevators,  con- 
structed by  Messrs.  Luther,  of  Brunswick,  were,  before  the 
war,  at  work  in  the  port  of  Rotterdam,  where  immense 
quantities  of  imported  grain  were  transhipped  from  ocean- 
going - vessels  to  the  great  river  barges  which  navigate  the 
Rhine. 

Pneumatic  elevators  are  specially  useful  for  the  discharge 
of  grain  carried  in  parcels  in  the  various  holds  of  the  modern 
ocean  trader.  It  would  be  impossible  to  pass  the  ordinary 
bucket-elevator  into  many  of  these  holds^  but  the  pneumatic 
suction  pipe  can  be  led  through  the  smallest  hatchway, 
passed  round  angles,  and  the  inlet  nozzle  led  into  the  most 
remote  corners  of  the  holds,  dispensing  entirely  with  manual 
labour  otherwise  necessary  to  trim  the  grain  to  the  elevator. 
Pneumatic  discharge  requires  greater  engine  power  than  the 
ordinary  bucket-elevator  and  distributing- belts  to  handle  the 
grain  ashore.  There  can  be  no  doubt  but  that  the  pneumatic 
discharge  is  advantageous  to  the  grain,  for  it  separates  the 
dust  from  the  grain,  and  removes  a  fruitful  source  of  heating. 
And  yet,  curiously  enough,  this  separation  of  the  dust  from 
the  grain  has  actually  proved  a  deterrent  to  the  use  of 
pneumatic  plant,  the  reason  being  that  the  removal  of  the 
dust  meant  a  material  loss  of  weight,  although  the  quality 
of  the  grain  was  improved.  In  many  instances  arrangements 
have  been  made  to  return  the  dust  to  the  grain  before  it  is 
passed  to  the  weighing  machines. 

Oil-haudVing  Plant. —— The  story  of  progress  in  the  hand- 
ling and  transport  of  petroleum  reads  like  a  romance.  The 
important  par£  it  and  its  by-products  play  in  our  every-day 
life  has  been  brought  into  prominence  by  the  restrictions  in 
its  use  forced  upon  the  nation  by  the  world-wide  war  now  in 
progress.  We  have  learned  how  dependent  we  are  on  its 
supply. 

Amongst  the  first  important  discoveries  of  petroleum  we 
may  refer  especially  to  those  in  Pennsylvania,  when  William 
Drake  "  struck  oil  "  in  1859，  less  than  60  years  ago.  In  those 
early  days  of  thq  industry  the  oil  wells  and  the  refineries 
were  close  together.  This  was  principally  due  to  the  heavy 
cost  of  carriage  to  the  markets,  the  refined  oil  being  at  that 
time  the  principal  marketable  product.  The  oil  was  trans- 
ported in  wooden  barrels,  carried  in  barges  on  the  waterways, 
or  in  horse  wagons  by  road,  and  at  a  later  date  by  rail.  As 
the  industry  extended,  and  shipments  to  Europe  increased, 
the  discovery  was  made  that  transport  through  pipes  to  large 
refineries  near  the  coast  was  feasible  and  economical.  The 
battle  of  vested  interests  was  fiercely  fought  over  this  revolu- 
tionary change,  but  the  pipe-line  won  the  day  over  the  trans- 
port wagon.  Thousands  of  miles  of  trunk  pipes  ranging 
from  4in.  to  Sin.  diam.  exist  for  the  transport  of  petroleum 
from  the  wells  to  the  refineries,  while  tens  of  thousands  of 
miles  of  smaller  feeder  pipe.s  have  been  laid  to  collect  the  oil 
from  its  various  sources,  and  lead  it  to  the  delivery  or  trunk 
mains. 

The  introduction  of  large  and  scientifically  equipped 
refineries  was  followed  by  the  discovery  of  the  value  of  the 
distillations  and  by-products  of  the  crude  oil.  The  crude  oil 
was  separated  into  three  principal  groups  ：  inflammable  oils, 
burning  oils,  and  lubricating  oils.  With  advances  in  the 
refining  process,  the  cost  of  production  greatly  decreased,  and 


the  export  trade  to  Europe  advanced  by  leaps  and  bounds. 
Although  the  transport  of  oil  through  pipes  on  land  had 
made  such  progress,  yet  its  transport  across  the  Atlantic  con- 
tinued in  barrels  for  many  years.  This  old  system  of  send- 
ing oil  in  barrels  in  sailing  vessels  was  in  full  swing  in  the 
eighties,  and  in  the  Port  of  Dublin  until  1899，  when  the 
Anglo-American  Oil  Company  opened  their  tank  storage 
depot.  The  first  tank  steamer  entered  the  Port  of  Dublin  in 
February  of  that  year.  The  effect  was  startling.  Instead  of 
a  sailing  vessel  with  from  1,000  to  2,000  tons  of  oil  in  barrels 
occupying  tlie  harbour  quays  for  weeks,  the  tank  steamer 
with  from  5,000  to  10,000  tons  of  oil  was  discharged,  and  the 
oil  pumped  ashore  and  stored  in  the  depot  tanks,  within 
from  24  to  48  hours  'from  the  arrival  of  the  tank  steamer. 
Thus,  to  the  great  advantage  of  the  port,  through  shorter 
occupation  of  its  valuable  berthage  and  freedom  of  the  quays 
from  the  obstruction  caused  by  barrels,  this  application  of 
modern  methods  of  handling  petroleum  has  reduced  the  cost 
of  oil  to  the  consumer,  cheapened  freights,  and  added  to  the 
available  usefulness  of  the  harbour  space. 

The  shortage  of  tonnage  of  tank  steamers  caused  by  the 
war  lias  this  year  forced  the  Anglo-American  Oil  Company 
to  import  a  certain  amount  of  oil  in  barrels  by  sailing  ships, 
and  we  have  been  forcibly  reminded  in  Dublin  of  what  this 
means.  The  Norwegian  sailing  ship  Nordfarer  brought 
18,500  barrels  of  petroleum  in  August  of  this  year,  approxi- 
mately equal  to  3,000  tons  of  oil.  This  vessel,  even  with  the 
aid  of  electric  cranes,  took  10  working  days  to  discharge, 
whereas  if  that  amount  of  oil  had  been  imported  by  tank 
steamer,  it  would  have  been  discharged  in  one  day ― a  saving 
to  the  port  of  9  working  days. 

Timber  HandUng. —— Tlie  handling  of  timber,  both  at  the 
loading  and  discharging  ports,  still  involves  much  manual 
labour.  Until  quite  a  recent  date  balk  timber  was  brought 
in  rafts  for  shipment,  and  hauled  into  the  holds  of  sailing 
vessels  through  port-holes  formed  in  the  ship's  bows.  On 
arriving  at  tlieir  destination,  the  balks  were  discharged  into 
the  water  through  the  same  port-lioles,  and  formed  into  rafts 
either  for  storage  or  transit.  The  timber  was  hauled  into 
or  out  of  the  ship's  port-holes  by  winches  and  tackle.  With 
the  advent  of  tlie  steamship  into  this  trade,  the  balk  timber 
is  generally  loaded  and  discharged  through  the  deck  hatches 
by  the  ship's  steam  winches  and  derricks.  In  the  Port  of 
Dublin  the  timber  is  now  frequently  discharged  by  the  portal 
electric  cranes  on  the  quays  with  satisfactory  results  as 
regards  time,  and  great  facilities  for  stacking  and  handling 
the  timber  on  the  quays.  Planks,  deals,  and  boards  were 
formerly  exclusively  discharged  by  manual  labour,  but  have 
of  late  been  discharged,  landed,  and  stacked  by  the  electric 
cranes.  Conveyors  have  been  introduced  in  some  places 
where  tlie  timber  storage  ground  is  within  reasonable  dis- 
tance from  the  quay,  and  elevators  of  a  special  form  have 
also  been  adopted  in  a  few  places  for  stacking  planks. 

A ppliances  for  llandhnij  II ea vij  Machinenj,  d'C.y  in  Forts. 
― In  a  large  port  it  is  essential  to  have  appliances  to  deal 
with  heavy  lifts,  such  as  railway  rolling  stock,  engines, 
boilers,  and  machinery  of  all  kinds.  The  example  to  which 
I  would  draw  your  attention  is  the  100-ton  electric  crane  in 
the  Port  of  Dublin.  Before  its  erection,  in  the  year  1905,  it 
was  no  uncommon  occurrence  for  】ieavy  loads  to  be  sent 
round  to  Belfast  instead  of  being  landed  in  Dublin.  The 
crane  is  of  the  hammer  type,  all  the  weight  of  the  crane  and 
load  being  carried  by  the  crane  post  to  a  bearing  on  the 
ground  level,  the  over-turning  moment  being  taken  up  by  a 
four-leg  trestle  frame,  with  horizontal  rollers  and  roller  path 
at  tlie  top  of  the  frame.  The  crane  is  capable  of  lifting  loads 
up  to  100  tons  at  a  radius  of  75ft.  An  auxiliary  lift  is  pro- 
vided for  loads  under  20  tons,  working  to  a  maximum  radius 
of  80ft.  The  test  load  of  the  crane  was  150  tons.  Loads 
between  50  and  100  tons  can  be  raised  at  the  rate  of  5f£.  per 
minute,  and  below  50  tons  at  tlie  rate  of  10ft.  per  minute, 
with  the  main  hoist.  Loads  below  20  tons  can  be  raised  at 
the  rate  of  20ft.  per  minute  by  the  auxiliary  hoist,  and  the 
crane  can  make  a  complete  revolution  with  any  weight  in 
eiglit  minutes.  The  contractors  for  the  steel  work  were  the 
United  Machine  Manufacturers,  of  Augsburg  and  Nurem- 
berg ； Messrs.  Siemens  Brothers  were  sub-contractors  for  the 
electrical  equipment  ；  and  all  foundation  work  and  masonry 


NovEMBicR  10，  l!iJ()J  THE    MECHANICAL  ENGINlvHR. 


wore  carried  out  by  ilio  engineer's  depart  nuMii.  of  1  he  port. 
The  met iiutls  adopted  For  the  ercoiioii  of  the  crane,  iiu-ludiiig 
the  steel  staging,  were  striking  exhibitions  ol'  the  best 
German  practice,  and  lor  eniciency  and  thoroughness  were 
full  of  interest  to  the  engineer,  and  worthy  of  imitation. 

,1  p'plio/icrs  for  // (uu/li /if/  (ic/ieral  J/ crclutndixe,  ―  From 
amongst  the  numberless  appliances  for  handling  general  mer- 
chandise, I  have  selected  some  examples  of  elevator-conveyors 
and  runways  which  are  in  use  in  several  of  our  British  ports 
for  dealing  with  frozen  meat,  cheese,  and  tea.  I  am  indebted 
to  Messrs.  Rownson,  Drew,  &  Clydesdale,  of  Upper  Thames 
Street,  for  several  photographs  showing  this  plant  at  work  in 
the  Port  of  London.  These  photographs  show  Donald's 
patent  elevator-conveyor  being  taken  to  a  ship,  erected  on  a 
ship,  and  removing  frozen  meat  from  a  White  Star  steamer 
to  carts  and  railway  wagons.  There  are  also  views  of  similar 
elevator-conveyors  dealing  with  cheese  and  tea. 

Reference  has  been  chiefly  made  to  appliances  for  loading 
and  unloading  vessels  ；  but,  in  addition  to  these,  there  is  the 
necessity  of  being  able  to  handle  the  cargo  when  it  is  on  land 
either  before  loading  or  after  discharge.  Unless  the  quays 
and  sheds  are  cleared  rapidly,  it  is  obvious  that  the  discharge 
and  loading  of  vessels  will  be  delayed  for  want  of  quay  space 
to  deposit  and  sort  the  goods.  If  a  port  is  not  sufficiently 
provided  with  well-designed  sheds  and  ample  quay  space  for 
the  reception  of  cargoes  and  appliances  for  handling  and  sort- 
ing merchandise  of  all  descriptions,  loss  and  extra  expense 
will  be  incurred.  Facilities  for  the  rapid  removal  of  goods 
from  the  port  are  also  of  the  greatest  importance,  while  easy 
connections  with  the  railways  and  the  inland  navigations  of 
the  country  are  essential  in  the  interests  of  the  internal  trade 
of  the  country.  In  this  respect  some  of  our  older  ports  con- 
trolled by  port  trusts  labour  under  great  disadvantages  when 
competing  with  more  modern  ports,  and  specially  with  those 
controlled  by  railway  companies.  The  defective  railway  con- 
nections of  the  older  ports  often  necessitate  costly  cartage 
between  the  ships  and  the  railways. 

The  railway-owned  port  has  the  advantage  of  a  co-ordinated 
control .  of  its  railway  and  shipping  traffic  arrangements.  A 
similar  remark  applies  to  traffic  arrangements  where  railway 
companies  own  fleets  of  steamers  trading  to  a  port,  and  are 
able  to  connect  their  railway  system  with  the  berths  occupied 
by  these  steamers.  In  this  connection  I  should  wish  specially 
to  refer  to  the  arrangements  of  the  Lancashire  and  Yorkshire 
Railway  Company  at  the  Port  of  Goole.  Through  the  kind- 
ness of  Mr.  J.  A.  F.  Aspinall,  the  general  manager,  his  goods 
traffic  manager,  Mr.  Marriott,  and  the  chief  engineer,  Mr. 
Rattray,  I  was  able  to  visit  the  Port,  of  Goole  and  inspect 
the  arrangements  for  handling  the  company's  continental 
traffic  at  that  port.  A  single-story  shed,  with  large  floor 
area,  has  been  erected  at  the  steamboat  berths,  into  which  the 
railway  wagons  run.  There  is  am  pie  floor  area  for  depositing 
goods,  and  this  is  commanded  by  overhead  cranes  which 
traverse  the  shed  from  the  quay  to  the  rails.  An  ingenious 
combination  of  jib  cranes  and  overhead  cranes  allows  of  the 
cargo  being  taken  out  of  the  ship's  holds,  and  landed  either  in 
the  sheds  for  sorting  purposes,  or  into  railway  wagons  stand- 
ing at  some  considerable  distance  away. 

One  of  the  best  examples  of  handling  goods  traffic  of  a 
general  character  which  I  have  seen  is  at  the  Lancashire  and 
Yorkshire  Railway,  Oldham  Road  Goods  Station,  Manchester, 
where  a  very  complete  system  of  overhead  electric  cranes 
deals  with  all  classes  of  traffic,  and  electric  motor  trucks  are 
used  on  the  platforms  to  supplement  the  cranes  for  taking 
goods  from  one  portion  of  the  shed  to  another.  The  arrange- 
ments for  handling,  sorting,  and  delivering  the  goods  are 
about  the  most  perfect  which  I  have  met  with,  and  are  worthy 
of  study  by  those  interested  in  this  most  important  economic 
problem.  The  handling  of  wool  and  cotton  in  the  manufac- 
turing areas  of  Yorkshire  and  Lancashire  has  taxed  the 
ingenuity  of  railway  engineers  and  managers.  The  enormous 
volume  and  bulkiness  of  the  packs  of  wool  and  bales  of  cotton 
arriving  at  such  centres  as  Bradford,  Manchester,  and  Old- 
ham make  the  handling  and  storing  of  these  materials  a 
gigantic  problem.  The  principle  now  generally  accepted  as 
the  best  is  to  pile  the  bales  to  a  great  height,  irrespective  of 
their  marks,  in  sheds  commanded  by  overhead  cranes.  Some 
of  the  finest  examples  of  this  kind  of  storage  are  to  be  found 
at  Werneth,  where  the  Lancashire  and  Yorkshire  Railway 
have  a  large  shed  for  the  storagfe  of  cotton,  and  at  the  cotton 
safes   of   Trafford   Park,  which   have    been  evolved   by  the 


ingenuity  and  oiiterprise  of  Mr.  jyiarshall  Stovons,  i.he  chair- 
man of  I  lie  Tra n'oi-cl  Park  Kslaie,  Lid.  This  Hystorn  has  also 
been  adopted  at-  New  Orleans,  wlmm,e  so  much  cotton  is 
shipped.  The  same  principle  is  adopted  in  the  more  iiiodeni 
wool  warehouses  at  Brad  ford  l)d()ugiiig  t  o  t  he  LancaHhire  and 
Yorkshire  Kailway. 

The  Influence  on  Lahoar  of  A  ppi'unirf  s  for  Ihtndliiuj  It  a  w 
Materials  (wd  Me.rchdtidixe, ― There  is  an  aspect  of  the 
problem  under  discussion  which  appears  to  me  of  supreme 
importance  and  interest,  namely,  the  effect  on  lahour  of  appli- 
ances for  handling  raw  materials  and  m erchandise  in  our 
ports.  "  Labour-saving  appliances  "  is  a  familiar  expression. 
Is  it  a  strictly  accurate  term  ？  The  working  man  understands 
it  as  meaning  arrangements  for  doing  without  him.  He  views 
with  suspicion  all  machinery  which  tends  to  expedite  output. 
His  idea  is  that  its  introduction  means  so  many  -men  dis- 
placed, and  so  many  men  thrown  out  of  work,  the  earning 
power  reduced,  and  increased  poverty  the  result.  Have  these 
fears  been  justified  by  past  experience?  I  think  not.  Instead 
of  speaking  of  "  labour-saving  appliances/'  can  we  not 
gradually  substitute  the  term  "  labour-aiding  appliances  "  ？ 

Allow  me  to  quote  a  sentence  of  Mr.  ITarold  Cox  in  his 
lecture  to  us  on  "  Industrial  Improvement  "  last  March,  with 
which  I  am  in  complete  sympathy.  His  words  were  :  "  Un- 
fortunately, we  still  find  that  workmen  in  many  places  look 
upon  improvements  in  machinery  with  very  much  the  same 
suspicion  as  in  the  beginning  of  the  19lh  century,  when  they 
used  to  break  the  power-looms.  It  is  very  curious,  for  when 
you  come  to  think  of  it,  the  first  instinct  of  man,  however 
uncivilised  he  may  be,  is  to  make  a  tool  to  help  in  his  work. 
Indeed,  man  might  almost  be  defined  as  a  tool-using  animal. 
I  venture  to  lay  down  this  proposition  that,  so  far  as  material 
comfort  is  concerned,  the  progress  of  mankind  is  dependent 
upon  the  progress  of  machinery." 

(To  be  continued.)  , 


DETERMINATION  OF  NOMINAL  HORSE-POWER. 

The  Marine  Department  of  the  Board  of  Trade  have  just 
issued  the  following  circular  of  Instructions  to  Surveyors  : ― 
Under  Section  92  of  the  Merchant  Shipping  Act,  1894， 
foreign-going  steamships  of  100  n.h.p.  or  upwards  are  re- 
quired to  be  provided  with  at  least  two  certificated  engineers. 
The  following  alteration  is  made  in  the  formula  to  be  used  by- 
surveyors  for  determining  the  nominal  horse-power  whe^'c 
there  is  doubt  whether  the  nominal  horse-power  is  over  or 
under  100.    The  present  formula  is:  — 

where  S  is  the  sum  of  the  squares  of  the  diameters  in  inches 
of  all  the  cylinders.  The  formula  to  be  used  in  such  cases 
ill  future  is  : — 


N.H.P. 


(SH-hPys)  a/p 
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where  H  二  heating  surface  of  main  boilers  in  square  feet, 
measured  down  to  the  level  of  the  fire  bars, 
but  excluding  the  front  tube  plate. 
D"  ―  square  of  diameter  at  low  pressure  cylinder,  or 
sum  of  squares  of  diameters  of  cylinders  in 
non-compound  engines,  measured  in  inches. 
S  ―  length  of  stroke  of  engine  in  inches 
P  二  pressure  of  main  boilers  in  pounds  per  square 
inch. 


The  Manufacture  of  Lifting  and  Conveying  Machinery. ― The 

Minister  of  Munitions  in  the  exercise  of  his  statutory  powers 
has  required  all  persons,  firms,  and  companies  engaged  in  the 
manufacture  of  cranes,  aerial  ropeways,  capstans,  conveyors, 
grabs,  elevators,  hoists,  lifts,  runways,  shear  legs,  transporters, 
travellers  or  winches,  whether  operated  by  steam,  electric, 
hydraulic,  pneumatic,  or  hand  power,  not  to  carry  out  without 
a  permit  issued  under  his  authority  in  any  factory,  workshop, 
or  other  premises,  any  work  consisting  of  the  manufacture, 
assembling,  or  erection  of  any  of  the  above-mentioned  articles 
except  under  :  (a)  Orders  received  from  or  in  connection  with 
work  for  the  Admiralty  or  War  Office  ；  {h)  orders  of  a  value 
not  exceeding  <£50  required  for  war  work  ；  (r)  orders  which 
have  already  been  sanctioned  by  the  Ministry  of  Munitions 
as  Class  "  A  "  work. 
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CORRESPONDENCE. 
After-the-War  Trade. 

To  the  Editor  of  "  The  Mechanical  Engineer." 

Sir, — Germany's  intention  to  obtain  an  initial  advantage 
in  the  fight  for  the  world's  trade  is  plainly  seen  in  the  social 
and  economic  reconstruction  that  has  been  proceeding  through- 
out the  Fatherland  side  by  side  with  the  country's  gigantic 
efforts  on  all  the  war  fronts.  In  nothing  is  this  idea  of  Ger- 
many more  plainly  seen  than  in  the  latest  scheme  announced, 
by  which  the  great  armouring  firm  of  Krupp,  with  its  scores 
of  thousands  of  mechanics,  is  to  be  linked  up  with  the  North 
German  Lloyd  steamship  lines.  The  Essen  firm  has  now 
purchased  an  interest  in  the  steamship  company,  and  one 
of  its  directors  is  to  have  a  seat  on  the  board. 

When  war  broke  out  official  Germany  had  so  organised  its 
machine  shops  that  only  the  pressure  of  a  button  was  required 
to  switch  all  the  works  on  to  munition  making.  All  that  is 
happening  now  shows  that  at  the  psychological  moment  the 
same  procedure  will  be  adopted,  with  this  difference:  German 
machinery  will  make  wares  for  the  world's  marts  instead  of 
munitions  for  the  Fatherland. 

The  adroit  move  of  Krupp  and  the  steamship  company 
is  not  a  mere  private  commercial  transaction.  It  lias  a  much 
wider  significance  of  which  we,  in  this  country,  should  take 
due  note.  While  Teuton  submarines  have  been  busily  engaged 
sending  to  the  bottom  as  many  British  sliips  as  possible, 
existing  German  craft  have  been  safely  interned  in  home  or 
neutral  ports.  Meanwhile,  German  shipbuilders  have  been 
steadily  building  new  vessels  for  the  Mercantile  Marine,  some 
of  them  of  20,000  tonnage.  It  is  Germany  s  ambition  to 
emerge  from  the  war,  even  if  beaten,  as  the  first  shipping 
power  in  the  world,  and  the  new  link  forged  between  Essen 
works  and  Bremen  ships  is  another  move  in  a  well-matured 
plan  to  realise  this  aim. 

The  question  naturally  arises  in  one's  mind  whether  we, 
as  a  nation,  shall  once  more  be  caught  napping.  How  far 
positive  progress  has  been  made  by  any  of  the  Government 
Committees  appointed  to  consider  questions  of  after- the- war 
trade  it  is  impossible  to  say,  since  not  one  of  the  Committees 
has  issued  a  report.  Months  ago  there  was  noticeable  activity 
in  certain  industries,  chiefly  in  the  formation  of  trade  associa- 
tions, but  this  seems  to  have  died  down. 

Wise  men  judge  the  future  by  the  past,  and,  adopting 
this  formula,  we  shall  probably  find  that  British  trades  and 
industries  will  progress  and  flourish  just  in  proportion  as  they 
concentrate  their  energies  now  upon  perfecting  their  organisa- 
tions and  co-operating  in  a  commercial  campaign  conducted 
in  every  corner  of  the  world.  In  a  word,  our  industries  will 
rise  or  fall  according  to  the  wisdom  and  the  extent  of  the 
efforts  of  their  organisers. 

So  far  as  the  motor  engineering  industry  is  concerned,  we 
feel  that  it  will  require  a  far  more  powerful  effort  than  has 
yet  been  put  forth  if  it  is  to  cut  a  creditable  figure  in  the 
impending  trade  war,  and  anything  that  the  Government 
can  do  io  strengthen  the  position  will  be  heartily  welcomed. 
― Yours  truly,  Barimar,  Ltd. 

(C.  W.  Brett,  Managing  Director  and  General  Manager). 


NEW  PATENTS. 

Specifications  of  the  folloxring  arc  now  publish eJ^  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  8d.  Address 
" Mechanical  Engineer,^'  5S,  New  Bailey  Street,  Manchester, 

MECHANICAL,  1914. 

Four  rycle  explosion  engines.    Aiiziuii.  1(5410. 

1915. 

Gravit'v  f  eod  devices  for  U'il(、r  feed  u  atci*. 
Manufacture    of    cold  draw  ii    thin  walled 
11770 


. 4055. 

Von  Forstor. 


liearings.    Hunting.  1443,5. 

Pistons.    Sanderson  &  "Wood.  14527. 

Carburetters  for  internal-combustion  engines.    Torrens.  14610. 
Burners  for  producer-gas.    Hall.  14624. 

Steam  superheaters  for  locomotive  boilers.    Robinson.  14G57. 
Dviianiometers.    Heenan  &  Fronde,  Ltd.j  Heenaiij  and  Walker. 

" 14885.  . 
Rock  drills  and  coal-cutting  machines.    Mauss.  14919. 
Means  for  controlling  the  supply  of  liquid  fuel  to  oil  engines. 

Petter.    14924,  ^ 
Valve-operating  means.     Svenska  Aktiebolaget  Gasaccumulator. 

14967. 

Means  for  regulating  and  controlling  temperature.  Hall.  14996. 
Lathes.    Cole.  15973. 

Ships  for  carrying  liquid  cargoes  in  bulk.  Laing  &  Ashby.  16016, 
Self-propelled  vehicles.    Watney.  16732. 
Turrets  for  lathes.    Harding.  16909. 

Condensing  apparatus.  Hick,  Hargreaves,  &  Co.'  and  Gunn. 
16918. 

Forced  draught  systems  for  marine  boilers.    Roberts.  17483. 
Control  mechanism  of  boring  and  turning  mills.     Webster  and 
Bennett,  Ltd.,  and  Thompson.  17939. 

1916. 

Acetylene  burner.    Fairbrother,  H.  370. 
Spanners.    O' Gorman,  M.,  and  vStall、voocl，  G.  1048. 
Air  pump.    Jar  vis,  E.  H.，  and  Bradbury,  H.  W.    1091. ' 
Toolholders.    Judge,  T.  A.，  and  Harvey,  H.  1776. 
Furnaces.    Thompson,  C.  H.  4167. 

Adjustable  hangers  for  power  transmitters,  Fairweather,  W. 
5546. 

Pulleys  for  belt  gearing.    Morgan ^  J.  H.  9340. 
Valve  mechanism.    Miller,  H.  P.  E.,  and  Tetlow,  E.  10389. 
Devices  for  locking  together  bolts  and  nuts.    James,  11.  E.  ami 
James,  C.  W.  11239. 

ELECTRICAL,  1915. 

Dynamos.    La  Cour.  103. 

Protective    devices    for    electric    distribution    systems.  British 

Thomson - Houston  Company.  14482. 
Time  limit  circuit  breakers.     Akt.-Ges.   Brown,   Boveri,  et  Cie. 

14498. 

Interrupters  for  inductive  electric  circuits.    Harry  W.  Cox  &  Co., 

and  Ten  Bruggenkate.    14503.  • 
Galvanometers.    Sullivan.  14553. 
Dyuamos.    Heys.    14633  and  14643. 
Wireless  telegraphy.    Long.  14729. 

Magneto-electric  machines.     British  Thomson  Houston  Company. 

and  Ralph.  14851. 
Protective  devices  for  electric  circuits.    British  Thomson-Houston 

Company.  15633. 
Dynamos.     Electromotors,    Ltd"  Longbottontj    and  Greeuhalgli. 

16640. 

1916. 

Flu  id-pressure  controlled  collectors  for  electricity.  Vacuum 
Brake  Company,  Dover,  H.  J.，  and  Walker,  W.  P.  1116. 

Electrolytic  refining  or  extracting  process.  United  States  Metals 
Refining  Company.  5750. 


Apparatus  for  actuating  -signals    on  trains 
trains  independently  of  d rivers.  Biddle. 


and    for  stopping 

 ,  ,,      11941. 

Spanners  and  u  renchos.    King.  L32G6. 
H ('Versing  mechanism   for  internal  combustion  engines.  Willad 
soil.  14412. 


METAL  QUOTATIONS. 

TUESDAY,  NOVEMBER  7th. 

Aluminium  ingot    ―   per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  " 

,'        sheets       ,,  ,，   ，，  一  ,， 

Antimony    £95/-/-  per  ton. 

Brass,  rolled  •   1/4 J  per  lb. 

,，    tubes  (brazed)    1/6 J  " 

"       ，， (solid  drawn)    1/4 J  " 

，，        ，， 、vire    l/3f  ,， 

Copper,  Standard    £124/10/-  per  ton. 

Iron,  Cleveland    87/6  ，， 

" Scotch    —  " 

Lead,  English   £32/5/-  ，， 

，， Foreign  (soft)   £30〉一/—  ,, 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

，，  ，，       "         medium    3/6  to  6/-  " 

"  ，，       ，，         largo    7/6  to  14/- " 

Quicksilver   £17/12/6  per  bottle. 

vSilvor    33^d.  per  oz. 

Spelter  (American)   £52/-/-  per  ton. 

Tin,  block    £183/10/-  per  ton. 

Tin  plates,  I.C   32/6  per  box. 

Zinc  sheets    £76  per  ton. 
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The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown. 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
Now  a  emile  he's  always  wearing,  he's  found  *•  NONLEAK  "  will  stand. 
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NONLEAK  JOINTING 

IHUIHLtMIV  COMPOUND 
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FREB  FROM  LEiJ>  t 

IMPROVES  WITH  AGE  1 
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of  Iron  and  Steel. 
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Every  Iron  and  Steel  Works  should  be  provided  with  a  metallographic  laboratory 
with  a  suitable  equipment  in  which,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  improved,  irud  tlmb  fcliis  may  l)e  efficient,  every  worker  should 
be  familiar  with  the  princii)leH  on  which  tlie  researches  are  based.  This  book  has 
been  prepared  for  the  use  of  those  who  are  commencing  the  Rtndy  of  nietallotiraphy. 
The  work  is  ti  thoroughly  practical  one,  theoretical  considerations  being  made  as 
Iji'ief  as  i)OSBible.  The  contents  comprise  exhaustive  chaptoi'B  on  IVficrostnicture 
of  Iron  and  Steel ;  ConstiLution  of  Iron  and  Steel  ；  Heat  Treatment  of  Iron  and 
Sfceel  ；  Micrographic  Examination  of  Failures;  Metallo^'raphic  Apparatus  and  its 
Manipulation . 


THE  SCIENTIFIC  PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  Manchester, 


Gas-fired  Boilers  and  By-products. 

Thk  problem  of  fuel  economy,  as  we  pointed  out  in  the 
editorial  in  ou r  last  issue,  presents  many  aspects,  and  cannot 
be.  resolved  into  a  cut-and-dried  solution  for  every  case.  In 
connection  with  steam  generation  the  boiler  plant  must  be 
considered,  and  in  this  questions  of  space  and  capital  expendi- 
ture enter  as  well  as  fuel  cost.  Low-grade  fuel  and  forced 
(h'aughl  may  he  used,  and  yet  their  advantages  be  nullified 
by  extra  space  and  outlay.  Numerous  attempts  in  the  past 
liave  been  made  to  overcome  these  difficulties  by  firing  with 
gas  generated  in  independent  producers.  The  experiments, 
however,  did  not  prove  satisfactory,  owing  mainly  to  the  fact 
that  gas  firing  calls  for  greater  heating  surface.  Great 
advances  have  been  made  since  then  as  regards  the  utilisation 
of  fuel  in  producers  as  a  result  of  the  developments  in  the 
by-products  industry  on  the  lines  first  indicated  by  Dr.  Mond, 
and  experience  in  this  direction  has  suggested  economical 
applications  of  gas  firing  and  recovery  processes  to  boiler 
plants  which  a  few  years  ago  did  not  seem  possible,  but 
which  now  foreshadow  iniportaiit  developments.  An 
interesting  com  niunication.  bearing  on  these  has  been 
made  by  Mr.  Geo.  Wilkinson,  borough  electrical  engi- 
neer of  Harrogate,  to  our  contemporary  ' '  The  Electrical 
Review,"  wliicli  is  worth  noting.  After  explaining  that  the 
Harrogate  works  is  situated  on  a  valuable  building  site  winch 
is  considerably  depreciated  by  the  fact  that  the  chimney  is 
an  eye-sore,  he  explains  that  he  has  designed  a  boiler  which 
will  enable  this  eye-sore  to  be  removed.  The  scheme  includes 
the  distillation  of  the  coal  so  as  io  obtain  tar  and  ammo- 
niacal  liquor  as  by-products,  and  the  gravitatior.  of  the 
resulting  coke  into  the  boiler  furnace  in  an  incandescent 
st ate,  where  it  is  consumed  without  smoke  and  without  loss 
of  heat,  while  the  gas  distilled  at  low  temperature  is,  after 
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being  denuded  of  the  by-products,  forced  into  the  fur- 
nace under  pressure  along  with  the  necessary  air,  and 
its  heat  utilised  by  Prof.  Bone's  system  of  flaineless 
combustion.  The  arrangement  is  ingenious,  and  although,  in 
the  absence  of  actual  working;  trials,  it  would  be  premature 
to  pronounce  a  final  opinion  of  its  merits,  it  certainly  seems 
very  promising.  It  is  easy  to  understand  that  it  will  involve 
increased  capital  expenditure,  but  by-products  are  so  valuable 
that  where  they  can  be  secured  they  amount  to  a  serious 
rebate  on  the  price  of  the  coal,  and  may  well  repay  capital  out- 
lay. The  possibilities  presented  are  at  least  well  worth  exten- 
sive trials.  With  efficient  recovery  plant  the  quantity  of  fuel 
used  might  conceivably  be  a  minor  consideration,  and  even  in 
itself  a  valuable  asset.  Considerable  experimental  work  in 
this  direction  has,  we  believe,  been  already  done,  apart  from 
the  scheme  outlined  by  Mr,  Wilkinson.  We  are  not  in  a  posi- 
tion as  yet  to  give  details  of  this,  but  it  will  be  evident  from 
what  we  have  outlined  that  the  near  future  may  reveal 
opportunities  for  economy  in  the  use  of  fuel  for  steam  gene- 
rating purposes  and  at  the  same  time  provide  a  solution  of 
the  smoke  problem  in  towns  which  will  amount  to  something 
like  a  revolution  in  boiler  practice. 


Safety  Valves  on  Heating  and  Domestic  Boilers. 

A  SAD  fatality  that  occurred  in  Manchester  about  a  fortnight 
ago,  when,  owing  to  the  bursting  of  a  boiler  used  for  heating 
some  office  premises,  a  man  and  his  two  children  were  scalded 
to  death,  serves  to  emphasize  the  importance  of  such  apparatus 
being  under  competent  inspection.  The  evidence  at  the 
inquest  showed  that  the  boiler  was  not  equipped  with  any 
safety  valve  or  pressure  gauge,  and  ^rhat  in  the  event  of  its 
beng  disconnected  from  another  one  it  was  hermetically 
sealed,  and  if  a  fire  were  lighted  its  explosion  was  inevitable. 
This  was  what  actually  took  place.  Owing  to  some  defect 
which  necessitated  repair,  the  valve  connecting  the  boiler  to 
its  companion  one  was  shut，  and  the  attendant  proceeded  to 
light  the  fire,  with  the  dire  results  stated.  The  risk  of  working 
any  boiler  without  a  safety  valve,  even  if  only  used  for  domes- 
tic or  heating  purposes,  has  been  pointed  out  by  us  repeatedly, 
but  it  appears  difficult  to  impress  the  fact  on  those  who  use 
apparatus  of  this  kiml.  AVI i en  a  sharp  frost  comes  its  effect 
on  domestic  boilers  is  usually  evidenced  by  a  crop  of  failures, 
and  as  tlie  period  is  approaching  when  a  spell  of  intense  cold 
may  supervene  at  any  moment  a  note  of  warning  on  the 
matter  may  not  be  out  of  place.  It  cannot  be  too  strongly 
insisted  upon  that  every  boiler  should  have  its  own  indepen- 
dent safety  valve  directly  connected  to  the  boiler  without  any 
intervening  taps  or  valves,  and  placed  so  close  to  it  that  tliere  is 
no  possibility  of  an  ice  block  existing  between  the  safety  valve 
and  the  boiler  when  there  is  pressure  in  tlie  latter.  To  rely 
upon  a  safety  valve  on  an  adjoining  boiler  is  a  standing  invi- 
tation to  trouble  and  disaster. 


SHIPBUILDING  IN  1915-16. 

TiiK  Annual  Report  of  Lloyd's  Register  of  Shipping  for  tlie 
year  1915-16  states  that  in  few  industries  has  the  effect  of  tlie 
war  been  more  widespread  and  far-reacliing  than  in  the 
domain  of  shipping.  The  disappearance  from  the  higli  seas 
of  the  niercliant  fleets  of  Germany  and  Austria-Hungary,  and 
the  continued  losses  of  allied  and  neutial  shipping,  combined 
with  tlie  enormous  demands  which  the  \\ar  has  made  upon 
the  available  tonnage,  produced  a  shortage  whicli  lias  stimu- 
lated the  building  of  ships  in  every  country  free  to  engage  in 
ship  construction.      In  the  United  Kingdom  merchant  ship- 


building is  still  seriously  restricted  by  the  necessity  for  the 
production  of  war  vessels  of  various  kinds  ；  and,  although 
there  has  recently  been  some  acceleration  in  the  rate  of  pro- 
gress in  the  construction  of  vessels,  the  output  remains  far 
below  that  of  normal  times.  In  neutral  countries,  and 
particularly  in  the  United  States  of  America,  every  effort  has 
been,  and  is  being  made,  by  means  of  the  extension  of 
existing  plants  and  the  creation  of  new  establishments  to 
cope  with  the  increasing  demand  for  tonnage.  That  a  large 
measure  of  success  has  attended  these  efforts  is  evident  from 
the  fact  that  there  is  now  being  built  under  tlie  inspection 
of  Lloyd's  Register  of  Shipping,  with  a  view  to  classification, 
a  larger  amount  of  shipping  than  has  ever  been  recorded  in  the 
history  of  the  Society,  namely,  620  vessels  of  2,282,709  tons. 

At  the  close  of  the  year  ended  June  30th,  10,032  merchant 
vessels,  registering  over  23  million  tons  gross,  held  classes 
assigned  by  the  Committee  of  Lloyd's  Register.  These  figures, 
large  as  tliey  are,  show  a  falling  off  from  the  high-water  mark 
of  the  previous  year.  During  the  year  under  review,  the 
Committee  passed  the  plans  of  742  vessels,  representing 
2,375,590  tons  of  shipping,  to  be  built  under  the  Society's 
survey  wihh  a  view  to  classification  iii  Lloyd's  Register  book, 
as  compared  with  plans  of  733  vessels,  of  1,715,500  tons,  for 
the  previous  12  months.  The  Committee  assigned  classes 
to  362  new  vessels,  of  790,209  tons,  of  which  356  were  steamers 
or  motor  vessels,  of  a  tonnage  of  789,688,  and  six  were  sailing 
vessels  of  521  tons.  Of  the  total  414,462  tons,  about  52^ 
per  cent.,  were  built  for  the  British  Empire  (United  Kingdom 
397,852  tons,  Dominions  16,065  tons),  and  375,747  tons,  or 
about  47^  per  cent.,  for  other  countries. 

One  of  the  most  important  of  the  subjects  which  have 
engaged  the  attention  of  the  Committee  during  the  past  year 
has  been  the  Society's  business  in  the  Uiiited  States.  The 
great  development  of  the  shipbuilding  industry  in  America, 
and  the  fact  that  the  bulk  of  the  tonnage  in  course  of  con- 
struction there  is  being  built  under  tlie  Society's  survey,  lent 
force  to  the  wish  of  many  of  the  clients  of  Lloyd's  Register  in 
that  country  that  some  arrangement  should  be  made  to  bring 
them  into  closer  association  witli  the  Society  ；  and  the  Secre- 
tary was  accordingly  instructed  to  visit  the  United  States 
with  a  view  to  consulting  with  the  leading  shipping  men  on 
the  subject.  As  a  result  of  the  negotiations  which  ensued 
the  Committee  recently  announced  that  an  American  Coni- 
jnittee  of  Lloyd's  Register  of  Shipping  had  been  established 
in  New  York,  composed  of  leading  underwriters,  shipowners, 
and  engineers. 

The  tonnage  classed  by  the  Society  during  the  year 
includes  32  vessels,  of  156,975  toiis;  built  upon  the  Islierwood 
system  of  longitudiim]  framing.  Up  to  date  there  have  been 
built,  or  are  in  course  of  const.iuctioii,  upon  this  system,  to  the 
Society's  classification,  over  470  of  these  vessels,  totalling 
2,650,000  tons. 

The  number  of  vessels  intended  to  carry  oil  in  bulk  which 
have  been  classed  by  the  Society  during  the  year  under  review 
is  14,  of  77,167  tons.  The  total  number  of  such  vessels 
at  present  classed  in  Lloyd's  Register  Book  is  301，  of  1,380,235 
tons  gross.  Vessels  fitted  for  burning  oil  fuel  holding  classes 
assigned  by  the  Committee  number  269，  of  1,259,714  tons. 
Owing  to  the  increasing  demands  made  for  oil  in  this  country, 
many  proposals  to  supplement  the  supply  by  converting 
ordinary  cargo  steamers  into  oil  carriers  have  been  dealt 
with  by  the  Committee.  The  Society's  classification  has  been 
assigned  to  vessels  in  which  the  oil  is  carried  in  large  circular 
tanks  built  into  the  holds,  and  arrangements  have  been 
approved  which  will  admit  of  fuel  oil  with  a  high  flash  point 
being  carried  in  the  double  bottoms  of  cargo  vessels,  provided 
the  construction  is  suitable  for  the  purpose- 


Light  Brass-work  Contracts  Available.  ―  The  Ministry  of 
Munitions  is  desirous  of  extending  the  output  of  casting  and 
stamping  fuze  bodies  and  sockets,  and  casting  and  rolling 
brass  rods  for  the  components.  Firms  possessing  suitable 
machinery  and  capable  of  undertaking  such  work  are 
reque^sted  to  communicate  with  the  Central  Clearing  House 
for  Engineering  Resources,  Ministry  of  Munitions,  8-9,  North- 
umberland Street,  London,  W.C. 
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Nino  vessels  have  boon  built  lo  llio  Society's  classilicat ion 
(lui'iiig  t  lie  past  year  in  which  :;"、;im  turbines  have  been  fitted, 
all  o-eareil.  At  the  present  lime  (here  are  52  vessels  in  course 
of  t'oiisiruct  ion,  with  a  view  lo  boin(>-  classed  in  the  Society's 
Jvcijister  Book,  in  which  geared  I url)iiies  will  be  fitted. 

In  tlie  United  K"、i;(Jom  there  are  two  vessels  being  built  to 
llie  Society's  classification  in  which  the  Ljungstroin  turbo- 
electric  propelhnt^  plant  will  be  fitted,  one  a  single-screw 
v(、ssd，  in  which  tlie  pciwer  will  be  1 ,500  s.li-]).,  and  the  second 
a  twin-screw  vessel,  wit  li  a  total  shaft  horse-power  of  5,400. 

During  the  year  seven  vessels  classed  by  the  Society  have 
been  fitted  with  Diesel  engines.  There  are  now  46  vessels 
holding  the  Society's  classification  which  are  fitted  with 
engines  of  this  type,  and,  in  addition,  there  are  at  present 
in  course  of  construction  under  the  Society's  survey,  over  30 
sets  of  these  engines.  In  addition  to  the  foregoing,  several 
vessels  have  been  fitted  with  oil  engines  of  other  than  the 
Diesel  type,  among  which  may  be  mentioned  11  fitted  with 
hot-bulb  engines  made  by  the  Boliiicler  Company  of  Stockholm, 
and  this  type  of  engine  is  to  be  fitted  in  more  than  30  vessels 
which  are  being  built  under  the  Society's  inspection. 

The  Institute  of  Metals  having  expressed  a  wish  that  a 
representative  of  Lloyd's  Register  should  be  appointed  to 
serve  on  the  Corrosion  Committee  of  that  Institute,  the  Com- 
mittee nominated  the  Society "s  chief  engineer  surveyor  for 
the  purpose.  The  Corrosion  Committee  are  conducting 
experiments  with  a  view  to  deterniining  the  best  means  to  be 
adopted  in  order  to  reduce  corrosion  in  condonser  tubes. 
Similarly,  the  Society's  chief  engineer  surveyor  and  chief  ship 
surveyor  were  nominated  as  representatives  of  Lloyd's 
Register  on  the  Ship-wiring  Rules  Sub-Committee  of  the  Tusti- 
tution  of  Electrical  Engineers. 

The  Technical  Committee  have  had  under  consideration 
during  the  year  a  few  proposed  modifications  in  the  Society's 
rules  for  the  construction  of  ships  atid  machinery,  and  the 
recommendations  of  the  Technical  Committee  on  the  subject 
have  been  adopted  by  the  General  Committee. 

SAFETY  IN  USE  OF  OIL  BURNERS. 

BY  A.  C.  MG.HUGH. 

Serious  accidents  to  engineers  and  firemen  are  of  frequent 
occurrence  from  tlie  practice  of  improper  methods  of  lighting 
and  handling  oil  fires,  and  il  is  the  writer's  purpose  to  call 
attention  to  a  few  general  rules  which,  if  followed,  will  greatly 
lessen  the  danger  of  injury  to  those  using  oil  fuel. 

Oil  burners  may  be  broadly  divided  into  two  classes ― those 
that  use  steam  for  atomisatiou  of  the  oil  and  those  that  do 
not.  As  the  former  are  in  ore  generally  used,  the  present 
remarks  will  be  confined  to  steam  atomising  burners.  These 
are  of  two  types -— the  inside  mixture  type,  in  which  the  oil 
and  steam  come  together  inside  tlie  burner  and  are  introduced 
to  the  furnace  through  one  slot  ；  and  the  outside  mixture  type, 
by  which  the  oil  and  steam  are  introduced  separately.  There 
is,  however,  very  little  difference  in  the  method  that  should 
be  employed  in  lighting  or  handling  either  type. 

Ill  starting  a  new  fire  the  steam  should  be  turned  ou  and 
the  bypass  opened  in  order  that  the  oil  and  steam  passage 
may  be  cleaned  out  and  wanned  up.  The  bypass  should  then 
be  closed  and  tlie  steam  shut  off.  Then  the  damper  must  be 
opened.  This  is  one  of  the  most  important  thingp  to  impress 
upon  one's  miud.  Do  not  try  to  start  a  fire  with  a  damper 
closed.  Next  light  a  torch  or  bunch  of  oily  waste  and  place 
about  lOin.  to  12in.  in  front  of  tlie  burner,  turn  on  a  small 
amount  of  steam  (just  enougli  to  carry  the  oil  horn  tlie 
burner  tip  to  the  torch)  and  crack  the  oil  control  valve  a 
little.  As  it  generally  takes  some  little  time  for  the  oil  to 
fill  the  burner  passage,  do  not  turn  on  more  fuel  but  wait 
until  the  passage  is  filled,  when  the  fire  will  light  easily. 

Until  the  hirnace  is  thoroughly  warmed  up，  the  fire  should 
be  closely  watched,  as  it  is  easily  put  out,  especially  if  either 
the  steam  or  oil  contains  inucli  water.  Should  the  fire  go 
out  ami  the  oil  still  be  left  to  flow,  the  heat  of  the  furnace  will 
generate  volatile  gases  that  will  appear  at  the  stack  in  the 
i'orm  of  a  greyisli-wliite  smoke.  Should  a  torch  then  be  applied, 
a  violent  explosion  would  occur.  Cases  are  on  record  where 
tliese  "rases  have  been  ignited  through  tlie  breecliings  of  other 
boilers.  Tlie  niornent  the  fire  is  out,  the  oil  should  be  shut 
oil  and  the  Juor  opened.    After  a  few  iiiiiiutes  the  gases  will 


liavc  passed  oil  and  1,1  le  lire  may  l)r  r，'kiii(ll('(l.  WIhmi  the 
furnace  is  hot,  there  is  not  so  niucli  clan^ei',  as  the  iiicaiideHceiit 
furnace  will  immediately  religl",  the  oil  il'  iis  flow  should  Ik; 
iiiiernipied  for  a  inoinent  ;  l>iit  f*v(  u  t  In  n  no  cliaiicf^s  slu)ul(l  Ix; 
taken,  for  it  is  iii  tliis  way  inosl  riieii  are  burned.  The  fl re 
goes  out ;  llie  attendant  opens  the  door,  ami  iui  ns  on  niore 
oil,  ex|)ecting  it  to  light  iinrrirdialcly,  wliicli  it  geiienilly  d oes, 
to  his  sorrow.  It  is  always  ('lieaper  to  irkindlo  than  to  take 
a  chance.  1  ii  regulating  a  fire  tiie  attendant  slioiilfl  hold  llie 
door  open  just  eii-ougli  to  enable  liini  to  watch  tlie  flanie  and 
be  ill  a  position  to  cliu'k  his  head  in  case  of  a  flare  back. 
To  increase  the  fire  the  oil  valve  should  he  operated  first,  t lien 
the  steam  turned  on  until  the  flame  is  clear.  1 F  not  eiiougli 
steam  is  used,  the  flame  will  appear  red  and  smoky  ；  too  much 
steam  will  cause  the  fire  to  look  ragged  and  will  have  a 
teiidenry  to  extinguish  it.  In  reducing  the  flame  tlie  steam 
is  throttled  down  first,  then  the  oil  is  reduced. 

Once  the  fires  have  been  set,  they  may  be  regulated  over 
quite  a  range  by  increasing  or  decreasing  the  pressure  applied 
to  the  oil  supply  without  opening  the  fire-door  or  changing 
the  steam  supply.  This  can  be  done  by  manipulatitig  the 
puni))  throttle  or  a  bypass  valve  between  the  suction  and  dis- 
charge lines, 

When  extinguishing  a  fire,  the  flame  should  be  cut  down 
as  low  as  ])ossible  ；  then  by  opening  the  bypass  immediately 
after  shutting  the  oil  valve,  the  oil  passage  will  be  blown  out 
without  danger,  as  the  flame  will  not  be  extinguished  until 
the  passage  is  clear. 

Another  point  of  great  importance  is  tliat  of  air  supply, 
or  draught  regulation.  The  importance  of  smokeless  combus- 
tion is  impressed  upon  the  minds  of  nearly  everyone.  In  fact, 
a  smokeless  stuck  is  demanded  of  all  oil-burning  plants,  but 
the  fact  is  that  a  large  percentage  of  these  same  smokeless 
plants  are  operating  in  utter  disregard  of  fuel  economy.  One 
of  tlie  chief  virtues  of  oil  over  coal  as  a  fuel  is  the  fact  that 
on  account  of  its  volatile  nature,  it  is  more  readily  mixed  with 
air,  thus  permitting  the  air  supply  to  be  reduced  to  a  mini- 
mum. In  properly  designed  furnaces  but  little  more  than 
the  theoretical  amount  need  be  used,  but  in  a  great  many 
plants  little  or  no  attention  is  paid  to  this,  and  as  a  result, 
the  average  oil  furnace  is  more  wasteful  tlian  the  average  coal 
furnace,  because  of  the  small  resistance  offered  to  the  passage 
of  air,  there  being  no  fuel  bed  to  check  its  flow.  Thus  without 
close  regulation  large  quantities  of  air  are  admitted  to  be 
heated  and  to  flow  blissfully  from  our  pride,  the  smokeless 
stack.  The  proper  method  is  to  reduce  the  air  sii ppl}^  until  a 
faint  haze  is  observed  at  the  stack.  This  may  at  first  seem 
difficult,  especially  with  a  large  string  of  fires,  but  after  a 
little  practice  an  intelligent  fireman  will  experience  little  diffi- 
culty even  with  a  widely  variable  load. 

In  some  plants  the  stack  or  breeching  dampers  are  used 
entirely  for  air  regulation,  others  use  only  tlie  draught  or  ash- 
pit doors,  and  still  others,  a  combination  of  the  two.  From  a 
safety  point  of  view  the  writer  prefers  either  of  the  two  last- 
named,  although  it  must  be  admitted  that  the  pressure  drop 
in  the  furnace  due  to  the  resistance  at  the  entrance  will 
stimulate  air  leaks  through  the  settings  to  a  greater  extent 
than  would  be  tlie  case  should  the  breeching  damper  be 
used.  But  on  the  other  hand,  the  draught  doors  are  generally 
more  accessible  and  more  likely  to  be  used  and  there  is  not 
so  niucli  likelihood  of  the  dampers  being  entirely  closed  and 
the  air  supply  shut  off,  for  in  this  lies  one  of  the  greatest 
dangers.  Should  the  breeching  damper  be  closed  while  the 
fire  is  still  on,  the  chances  are  that  an  explosion  will  occur,  as 
the  oil  ill  the  hot  furnace  will  generate  a  large  volume  of 
volatile  gas,  which  only  awaits  the  admission  of  air  to  be 
ignited  with  disastrous  results.  To  prevent  the  possibility  of 
an  occurrence  of  this  sort,  a  safety  stop  should  be  placed  so 
as  to  prevent  the  complete  closing  of  the  damper  without 
removing  the  stop.  A  little  conimon-seDse  applied  at  the 
rigiit  time  will  prevent  nearly  all  oil-funiace  explosions. —— 
" Power." 

Lin|dng-up  of  Electricity  Undertakings.  ―  At  a  meeting 
held  in  Glasgow  on  November  3rd,  when  representatives  from 
15  elect rical  undertakings  in  the  West  of  Scotland  attended, 
it  was  decided  to  appoiiit,  a  committee  to  discuss  the  question 
of  liiikitig-up  electricity  undertakings. 
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BOOK  REVIEWS. 

British  Prices,  Measures,  and  Weights  converted  into  those  of 
上 Wgiu"i，  France,  Italy,  Einiiania,  Serbia,  Spain,  &c.， 
with  some  suggestions  for  Development  of  British  Trade 
Abroad.  By  O.  G.  Winzar,  F.S.M.C.  London:  Simpkin, 
Marshall.   8iu.  by  5iu.，  69  pp.    Price,  2/6  net. 

The  war  lias  revealed  many  defects  in  the  national  com- 
mercial equipment  and  none  cause  more  trouble  and  annoy- 
ance than  those  arising  out  of  our  system  of  weights  and 
measures  and  money  values  hi  connection  with  foreign 
trade.  The  differences  in  units  of  weight,  length,  and 
capacity  are  in  themselves  awkward  enough,  but  coupled 
with  differences  in  money  values  and  variations  in 
rates  of  exchange  they  become  bewildering.  After 
the  war  neutral  countries  will  no  doubt  offer  us  excep- 
tional trade  facilities,  but  it  will  be  impossible  to  take  advan- 
tage of  them  unless  we  adapt  ourselves  to  their  requirements 
and  ofTer  our  goods  in  the  respective  measures  and  currencies 
of  the  countries.  This  fact  is  well  known,  and  in  it  lies  the 
interest  and  value  of  this  little  book.  Its  scope  is  fairly  indi- 
cated by  the  title  and  its  merit  consists  in  it's  simplicity  and 
adaptability  to  commercial  needs.  The  tables  cover  not 
merely  the  ordinary  conversions,  but  practically  all  the  money 
value  conversions  required  in  the  counting  house.  The  tables 
are  well  arranged,  and  plainly  printed,  and  working  examples 
are  given  in  each  case  so  that  the  reader  need  never  be  in  doubt 
as  to  the  method  of  using  them.  Such  work  requires  a  great  deal 
of  patient  labour,  and  we  heartily  commend  the  book  to  the 
attention  of  our  readers.  All  engaged  in  foreign  trade  will 
find  it  an  invaluable  companion  for  the  office  desk. 

Soldering,  Brazing,  and  Welding.  By  Bernard  E.  Jones, 
Editor  of  "  VVork."  78  illustrations,  154  pp.  London  : 
Cassell  <fe  Co.,  Ltd.    Price,  1  /-  net. 

This  is  ail  admirable  little  book  on  a  subject  wliicli  appeals 
to  a  multitude  of  readers,  for  although  innumerable  people 
can  solder  and  braze  after  a  fashion  few  can  do  it  expertly 
and  well,  mainly  owing  to  the  want  of  a  few  simple  instruc- 
tions given  in  a  practical,  intelligible  way.  This  infor- 
mation the  book  supplies  and  we  compliment  the  author  on 
the  service  he  has  rendered. 

Telegraphy.  A  detailed  exposition  of  the  Telegraph  System 
in  the  British  Post  Office.  By  T,  E.  Herbert,  A.M.Inst. 
C.E.，  engineer,  Post  Office  engineering  department;  3rd 
edition.  London :  Whittaker  <fc  Co.  Thin,  by  5^in., 
986  pp.   Price,  9/-  net.  " 

111  the  ten  years  that  have  elapsed  since  the  first  edition 
of  this  book  was  published  great  advances  have  been  made 
in  the  science  of  telegraphy,  and  in  the  issue  of  the  present 
edition  the  author  has  taken  advantage  of  the  opportunity  to 
embody  a  description  of  these  so  as  to  bring  it  up  to  date.  A 
detailed  exposition  of  the  British  Post  Office  system  it  need 
hardly  be  said  includes  pretty  near  everything  that  is  worth 
noting.  The  value  of  the  book,  however,  does  not  consist 
merely  in  this,  for  throughout  we  note  comments  and 
reflections  on  the  working  of  apparatus  which  can  only  spring 
from  intimate  practical  experience  and  which  to  the  reader 
or  student  are  of  great  value.  It  is  this  feature,  in  fact, 
whicli  gives  the  volume  a  special  value,  apart  from  tlie  clear 
descriptions  and  excellent  iliust ration  afforded  by  the  various 
diagrams.  We  ought,  perhaps,  to  add  that  the  book  makes 
110  attempt  to  deal  with  wireless  telegraphy.  The  systems 
described  relate  entirely  to  telegrapliy  by  conductors. 

Specific  Gravity  Studies  of  Illinois  Coals,  Bulletin  No.  89，  issued 
by  ilie  Engineering  Ex])erinient  Station,  University  of 
Illinois,    London  ：  Chapman  &  Hall,   Price,  30  cents. 

Experiments  conducted  at  the  Engineering  Experiment 
Station  of  the  University  of  Illinois  have  established  a  rela- 
tionship between  the  ash  content  of  bituminous  coal  and  its 
specific  gravity  which  】nakes  possible  rapid  estimation  of  tlie 
ash  and  iTioisture  content.  These  tests  have  also  shown  tliat  a 
knowledge  of  the  specific  gravity  of  coal  simplifies  the  problems 


of  estimating  tonnages  underground  and  in  storage,  and  of 
determining  the  adaptability  of  coal  to  treatment  by  the 
washing  process.    The  experiments  were  jnade  by  M.  L.  Nebel. 

•jf  -jf 

Constructional  Fire  Stops  on  Passenger  Ships.  Report  of  the 
British  Fire  Prevention  Committee,  No.  205.   Price,  2/6. 

In  July,  the  British  Fire  Prevention  Committee  issued 
report  No.  203,  dealing  with  the  general  question  of  fire  pro- 
tection for  passenger  ships.  Having  special  regard  to  tlie  fact 
that  much  shipbuilding  work  is  under  consideration,  with  a 
view  to  making  good  the  wastage  of  the  war,  the  committee 
have  now  issued  this  supplementary  one  which  deals  with 
the  construction  of  passenger  ships  from  the  fire  point  of  view 
with  the  specific  intention  of  advocating  sub-division  of 
passenger  ships  and  the  use  of  fire-resisting  materials  so  that  a 
fire  that  has  arisen  at  any  given  point  may  be  more  readily 
limited  to  a  small  area,  much  as  water-tight  compartments 
exist  for  limiting  an  area  of  submersion.  The  report  comprises 
a  chapter  on  fire  compartments  and  one  on  fire- resisting  mate- 
rials, as  also  some  useful  appendices,  one  o£  wliicli  deals  with 
certain  features  of  the  report  of  the  Board  of  Trade  Depart- 
mental Committee  on  Bulkheads,  and  another  discusses  the 
use  of  charcoal  as  an  insulating  material  on  board  ship. 

■X-      -X-  -》 

General  Cargo  :  An  Introduction  to  Salesmanship.  By  Richard 
E.  Goddard.  London  :  Constable  &  Co.  7^in.  by  5|-in. ； 
200  pp.    Price,  4/6  net. 

In  his  treatment  the  author  does  not  attempt  to  reduce 
the  art  of  salesinauship  to  cut  and  dried  rales,  for  as  those 
who  have  any  experience  of  the  matter  must  know  such 
an  expression  of  it  is  impossible.  He  does,  however,  give  a 
number  of  hints  and  wrinkles  which  to  anyone  called  upon  to 
exercise  persuasive  influence  in  the  disposal  of  goods  should 
prove  helpful. 


BOOKS  RECEIVED. 

Stresses  in  Wire-wrapped  Guns  and  in  Gun  Carriages.  By 

Lieut.-Col.  Ruggles,  Ordnance  Department,  U.S.  Army,  for- 
merly Professor  of  Ordnance  in  United  'States  Military 
Academy.  New  York  ：  John  Wiley.  London  :  Chapman  and 
Hall,  Ltd.    Price  12/6  net. 

Strength  and  other  Properties  of  Concrete  as  Affected  by 
Materials  and  Methods  of  Preparation.  Technological  paper 
No.  58，  U.S.  Bureau  of  Standards,  Wasliingtou. 


Manchester  Association  of  Engineers.  ― At  a  meeting  of 
the  Manchester  Association  of  Engineers,  held  on  Saturday 
last,  an  interesting  lecture  was  delivered  by  Mr.  A.  A.  Barnes 
on  ''  The  Nile  and  the  Utilisation  of  its  Waters,"  which  was 
extensively  illustrated  by  lantern  slides.  Mr.  Barnes  indicated 
the  outlines  of  the  broad  scheme  whereby  the  waters  of  the 
river  Nile  are  being  controlled,  by  means  of  engineering  works, 
for  the  purpose  of  irrigating  Egypt  and  the  Soudan.  He 
dealt  with  the  questions  of  the  origin  and  regime  of  the 
annual  flood,  the  works  necessary  to  protect  Egypt  from  inun- 
dation, and  the  storage  works  for  retaining  a  reservei  of  water 
to  meet  the  demand  of  the  crops  in  the  summer  months.  The 
lecture  was  supplemented  by  an  interesting  selection  of  lan- 
tern illustrations,  whicli  had  been  obtained  by  the  autliol' 
personally  during  his  recent  travels  in  Egypt. 

Federation  of  British  Industries.— This  Federation  is  intended 
to  occupy  itself  mainly  with  the  broader  questions  which  affect 
the  trade  and  industry  of  the  country,  and  to  represent  British 
producers  and  manufacturers  in  much  the  same  manner  that 
the  General  Federation  of  Trade  Unions  represents  organised 
labour.  The  Federation  will  not  interfere  with  the  normal 
functions  of  existing  trade  associations,  but  will  support  and 
strengthen  them  by  every  means  in  its  power,  in  order  that 
they  may  deal  effectively  witli  tlie  particular  problems  con- 
fronting each  individual  trade.  Its  objects  are  the  organisa- 
tion and  development  of  industry  now  and  after  the  war,  in 
co-operation  with  labour  and  in  conjunction  with  the  Govern- 
ment and  Government  Departments.  A  condition  of  member- 
ship is  an  annual  subscription  of  £100  a  year,  with  an  obliga- 
tion to  continue  such  subscription  until  June  30th,  1919. 
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MOULD  FOR  THE  PRODUCTION  OF  SOUND  INGOTS. 

A  V uocESs  has  m'ciitlv  Ixhmi  devised  ami  paliMiled  by  Sir 
W.  G.  Armstrong,  Wliitworth,  &  Co"  Ltd.,  of  Klswick  Works, 
Newcastle-upon-Tyne,  in  conjunction  with  Mr.  E.  F.  Law  and 
Mr.  C.  P.  Sand  berg,  for  the  proveutiou  of  piping,  blow- 
holes, or  segregation  in  steel  ingots  or  other  castings,  of  the 
type  ill  which  the  metal  is  niaiutaiuetl  molten  at  the  top  of  the 
ingot  or  casting  by  means  of  an  electric  arc  of  which  the 
metal  itself  forms  one  of  the  electrodes,  and  is  designed  to 
obviate  the  difficulties  hitherto  experienced  in  removing  the 
ingot  from  the  mould  caused  by  tlie  fusion  or  welding  of  the 
ingot  to  the  mould  by  tlie  excessive  teTn]-)eraiures  readied 
locally,  and  which  is  especially  the  case  in  the  method  employ- 
ing the  electric  arc  in  which  a  single  carbon  electrode  is  em- 
ploy ed,  the  other  connection  being  made  to  the  mould  itself. 
Owing  partly  to  the  shrinking  of  the  ingot  and  partly  to  the 
nature  of  the  surfaces,  electrical  contact  is  defective  and  resis- 
tance welding  may  occur  between  the  two. 

Ill  tlie  process  under  notice,  ingots  or  castings  free  froin 
piping,  blow-Iioles,  or  segregation  are  formed  by  providing  at 


Mould  for  the  Pkoduction  of  Sound  Ingots. 


the  bottom  of  the  mould  a  loose  contact  device  which  is 
connected  to  one  of  the  electric  leads  and  upon  which  the 
molten  metal  is  poured,  the  other  lead  being  connected  to  an 
adjustable  electrode  adapted  to  be  brought  into  position  above 
the  ingot  or  casting  to  produce  an  arc  between  the  top  of  the 
ingot  or  casting  and  the  electrode. 

The  arrangement  of  the  mould  and  its  electrical  connec- 
tions are  shown  in  the  accompanying  cut.  At  t'he  bottom  of 
the  mould  A,  and  resting  on  the  base  B,  is  provided  a  metal 
plate  C,  having  a  tongue  T  to  which  is  connected  one  of  the 
leads  D  from  a  convenient  source  E  of  electricity.  The  plate 
C  may  be  made  of  steel,  iron,  or  other  suitable  metal.  The 
other  lead  F  from  the  source  of  electricity  is  connected  to  an 
electrode  G.  A  cover  H  is  provided  to  prevent  the  escape  of 
heat  when  the  arc  is  in  operation.  When  an  ingot  is  to  be 
cast,  the  contact  plate  C  is  placed  on  the  base  B,  the  mould 
A  is  placed  in  position  and  the  metal  is  poured  into  the  mould- 
As  soon  as  possible  after  the  mould  is  filled,  tlie  cover  II  and 
the  electrode  G  are  lowered  into  position  over  the  top  of  the 
mould  and  tlie  current  is  switched  on.  The  current  passes  on 
tlie  one  hand  tlirougli  the  lead  J),  plate  C，  and  the  metal  of 
the  ingot,  which  by  partial  welding  is  maintained  in  good 
contact  witli  the  piat.e,  and  on  the  other  hand  by  the  lead  P 
and  the  adjustable  electrode  G，  and  an  arc  is  foniied  between 


ilio  niolion  met;il  at  tlio  top  of  ilie  Jiiould  nnd  ilio  e]orir<u\(\ 
The  heal  ])ro(luced  tJioreby  uiainlaiiis  ilie  inoial  at  llu;  top  <«1' 
t lio  ingot  lluid  until  the  I'esi  of  the  iiigd  has  solidified  and  so 
prevents  the  i'onnation  of  pi))es  or  blow-holes  and  Hegre^alioii. 
When  the  iiigot  has  cooled,  the  tongue  T  is  knocked  ofT  while 
the  plate  C,  which  is  now  firmly  welded  to  tlie  in^'ot  and  forms 
]tart  of  it,  is  removed  with  the  "  crop  end  "  which  is  always 
cut  ofr  from  the  bottom  of  the  ingot. 


REFRACTORY  MATERIALS. 

Discussion  uy  the  Faiiaday  Society. 

At  n  recent  ineetiiig  of  the  Faraday  Society  a  general  discus- 
sion look  ])lace  on  refractory  materials,  which  was  opened 
with  an  address  by  Sir  Robert  ITadlield,  F.K.S.,  the  Presi- 
dent, and  reproduced  in  part  as  follows  :  ~ - 

Notwithstanding-  the  tact  that  the  satisfaclory  working  of 
steel-fnakiiig  and  other  furnaces,  as  well  as  metallurgical 
operations  generally,  largely  depends  upon  the  correct  kind  of 
refractories  employed,  this  important  subject  has  not  alto- 
gether i.e^ceived  in  this  country  the  attention  it  deserves. 
There  are  about  200  makers  of  refractories  in  Great  Britain, 
comprising  about  140  in  England,  40  in  Scotland,  and  30  in 
Wales  ；  also  about  12  makers  of  crucibles.  The  sources  of 
raw  products  in  this  country  are  chiefly  ：  (c/)  Derbyshire  dis- 
trict ； (/>)  Durham  and  Northumberland  ；  (r)  Lancashire  ；  (//) 
Scotland  ；  (r)  South  Wales  ；  (/*)  Yorkshire  (including  Sheffield 
and  Leeds)  ；  (r/)  Ireland  (alumina,  bauxite,  and  other  pro- 
ducts). 

The  following  probably  represent  the  chief  refractories  : 
((/)  Silica  ；  (/>)  china  clay  ；  (r)  niagnesite  ；  (d)  dolomite  ；  (e) 
clironiite  ；  (/•)  bauxite  ；  (f/)  graphite  ；  (//)  zircoiiite.  There 
have  been  considerable  imports  into  our  country  from  abroad, 
when  without  doubt  in  most  cases  equally  as  good,  if  not 
better,  material  lias  been  in  our  own  country  at  our  very  door. 

The  great  importance  of  obtaiiiiug  a  good  refractory  is 
shown  by  the  fact  that  the  first  development  on  a  large  scale 
of  the  Bessemer  process  in  Sheffield  was  chiefly  because  there 
happened  to  be  in  that  city  a  particularly  fin©  quality  ot 
material  known  as  "  ganister."'  Sir  Henry  Bessemer  could  not 
find  iiiatei'ial  suitable  for  lining  his  converters,  in  which  there 
is  a  conibinatiou  of  not  only  high  temperature  but  slagging 
and  erosive  action.  Sheffield  ganister  was  found  to  meet  this 
condition  better  than  any  other  material,  thus  enabling 
Bessemer  to  carry  his  process  into  practical  working  success. 
The  following  is  a  typical  analysis  of  ganister  :  Silica,  95  per 
cent.  ；  alumina,  2  per  cent.  ；  iron  oxide,  0*5  per  cent.  ；  linie,  1 
per  cent.  ；  magnesia,  0*6  per  cent.  ；  water,  1'75  per  cent. 
This  material  has  been  used  for  several  generations  to  line 
the  furnaces,  known  as  "  pot-holes,  '  in  which  Sheffield  cruci- 
ble steel  is  made,  and  it  is  still  unsurpassed  for  this  purpose. 

All  important  paper  was  read  in  1912  before  the  Institu- 
tion of  Gas  Engineers  by  Major  Frederick  J.  Bywater,  ot 
Eirniiiigliam  (now  on  active  service),  on  the  question  of  refrac- 
tory materials.  It  may  be  stated  briefly  that  Major  By  water 
considers  the  chief  sources  of  refractory  materials  at  present 
employed  in  the  construction  of  retort  settings  are  :  (f/)  Fire 
clays  ；  (/j)  silicious  quartz.  He  gives  an  interesting  resume 
with  reference  to  the  origin  of  fire  clays,  their  sources  and 
composition,  and  points  out  that  all  the  evidence  collected 
tends  to  show  the  great  difficulties  encountered  iu  attempt- 
ing to  establish  a  relation  between  the  composition  and 
fusibility  of  clays  from  investigations  based  on  the  ultimate 
analysis.  In  one  case  he  quotes  a  particular  specimen  in 
wliicli  an  analysis  of  a  Stourbridge  clay  was  quite  satisfac- 
tory, yet  this  clay  does  not  make  satisfactory  firebricks.  In 
other  words,  tests  which  may  be  termed  "  mechanical  ，，  were 
made  and  the  division  of  the  material  obtained  into  ：  (a)  True 
clay  substance  ；  {!/)  quartz  ；  (r)  felspar. 

Major  By  water  describes  the  relative  merits,  as  refractory 
agents,  of  the  clay  substance  (or  kaolin)  and  quartz,  separated 
as  above,  and  states  that  it  has  been  found  as  the  result  of 
ex])eriiueiits  by  Bischof,  Seger,  and  others,  that  alumina  is 
slightly  more  refractory  tlian  silica,  and  that  mixing  silica 
and  ahnnina  in  various  proportions,  the  ccmiposition  ； 
2SiOo ― f kaolin  or  true  clay  substance— is  the  most  infusi- 
ble. The  addition  of  silica  increases  the  fusibility  until  the 
composition    lALOg  ；    17SiOo   iu    chemical    equivalents  is 
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leacheil  ；  and  with  further  increase  of  silica,  the  refractori- 
ness rises. 

Tlie  subject  may  be  summed  up  in  M  r.  Bywaler  s  words  as 
follows  :  "  it  】m、v  safely  be  stated  that  the  ultimate  analyses 
of  a  clay,  as  usually  employed,  are  of  very  little  use  in  arriv- 
ing at  a  J) roper  estimate  of  refractoriness,  and  that  far  better 
knowledge  is  that  based  on  mechanical  and  rational  methods 
lor  subdividing  it  into  its  various  mineralogical  constituents, 
when  ultimate  analyses  may  be  employed.  Having  arrived 
at  a  t rue  knowledge  of  the  constituents  of  the  clay  on  these 
lines,  samples  and  mixtures  may  be  tested  with  success  in  a 
practical  way  in  a  small  furnace." 

Major  Bywater  points  out  that  it  is  most  inipoitaiit  to 
ha ve  proper  gas-testing  furnaces,  either  coke  or  coal  fired,  and 
probably  now  electrical,  for  testing  refractories.  This  furnace 
IS  of  a  iy])e  known  as  a  modified  Deville  pattern,  but  since  his 
paper  was  written  Dr.  Harker  has  devised  a  valuable  electric 
tuniace  for  dealing  with  the  high  tenij)eratures  in  connection 
with  experiments  of  this  kind.  This  furnace  should  be  of 
great  service  and  give  better  results  than  either  coal,  gas,  or 
coke-fired  furnaces. 

In  one  of  the  American  papers  reference  is  made  to  a 
simple  but  fairly  effective  method  of  testing  refractory  bricks, 
which  has  been  brought  forward  by  the  Armstrong  Cork  and 
Insulation  Company,  of  Pittsburg,  Pa.  Tlieir  experiment  is 
carried  out  by  playing  the  hottest  flame  obtainable,  Bunseii 
burner  or  other  gas  jet,  against  the  face  of  the  brick  to  be 
tested.  The  surface  naturally  becomes  white  hot,  but  if  the 
brirk  is  not  of  the  highest  quality  it  will  conduct  the  heat  too 
quickly  and  soon  become  too  hot  to  be  held.  This  experiment 
could  easily  be  carried  out  upon  a  brick  of  special  qualities 
and  a  firebrick  or  coninion  red  brick,  so  that  comparison  is 
readily  obtained.  The  maker  claims  that  he  produces  these 
brick b  chiefly  from  diatomaceous  earth  (in  whose  fronds  are 
secreted  very  large  quantities  of  silica),  which  he  states  is 
one  of  the  best  non-conductors  of  heat  known.  The  exact 
nature  of  this  earth  is  not  nieiitioned,  but  no  doubt  before 
long  it  will  be  possible  to  obtain  supplies  in  this  country,  so 
that  tevSts  can  be  carried  out.  It  is  clainiecl  for  this  Nonpareil 
insulating  brick  that  its  insulating  efliciency  is  ten  times  that 
of  either  connnon  or  firebrick,  also  that  one  4iiii.  course 
installed  in  the  walls,  arches,  and  bottoms  of  furnaces,  ovens, 
boiler  settings,  hot-blast  iiiaiiis,  and  kindred  h i g h - 1 en i ] j e r a t u r e 
equipment,  will  reduce  the  loss  of  heat  as  much  as  would  45iii. 
ol  ordinary  brick.  This  is  a  strong  statement,  but  the  firm 
seems  willing  to  prove  that  it  is  correct. 

In  his  justly  renowned  work  on  metallurgy, 】— ）i'.  Percy 
devotes  only  a  small  space  to  refractory  materials,  including  a 
portion  of  a  chapter  on  fire  clays.  In  this  is  given  the  follow- 
ing analysis,  made  in  1860，  of  the  famous  Dinas  bricks : 
Silica,  97  to  98*  per  cent.  ；  alumina,  0  75  to  1*50  per  cent. ； 
])rot oxide  of  iron,  0'20  to  0"50  per  cent.  ；  lime,  0*20  per  cent. 

There  are  three  classes  of  refractory  materials  now  used 
for  furnace  linings  ：  (ff)  Acid — Dinas  rock,  gaiiister,  fire  clays  ； 
(厶)  Basic— Dolomite,  inagnesite  ；  {r)  Neutral— Bauxite, 
chrome,  iron  ore,  graphite,  and  a  few  fire  clays. 

On  salisfartory  acid  linings  clepeml  I  he  acid  steel  process, 
such  as  the  acid-Hessenier  and  acid-open-heart li.  On  satisfac- 
tory basic  linings  the  success  of  the  basic  steel  process  practi- 
cally depends,  as  in  the  presence  of  acid  linings  the  necessary 
deph osphorisation  cannot  take  place,  any  pliosj)honis  oxide 
formed  being  converted  and  again  deposited  in  the  bath. 
Neutral  linings,  whilst-  possessing  certain  advantages,  are 
usually  very  expensive  ami  cainiot  be  easily  applied.  On  the 
other  hand,  in  electric  Furuac'es  acid  linings  can  be  used  if 
desired  ；  nevertheless,  basic,  neutral,  and  zircoiiia  linings  are 
found  to  t(ive  niurli  better  results,  lience  the  importance  of  a 
study  of  t  heir  a])plicat  ioii  io  t  his  special  ]>ui  pose. 

For  (crucible  work  there  is  still  only  the  (； hoicc  of  two 
materials  ；  the  ordinary  Sheffield  day  crucible  made  of  wliat 
is  railed  pot  clay,  which  is  a  mixture  of  fire  clay,  china  day, 
a  little  carbon,  and  sometimes  small  quantifies  of  other  s])e<-ial 
materials.  The  usual  inixturo  is  two-thirds  raw  and  one-third 
burnt  clay. 

Plumbago  crucibles  are  produced  in  lar^e  (|uaiitilies,  bein*^ 
composed  of  fire  clay  and  graphite  suital)ly  mixed.  The 
objociioii  to  the  use  of  these  crucibles  is  that-  naturally  in 
ineltiiitr  steel  considerable  carbonisation  often  takes  place,  and 
material  cannot  be  obtained  of  the  same  uniformity  as  that, 
melted  in  the  ordinary  type  of  Sheffield  crucible,  which  has 
been  used  ever  since  the  time  of  Huulsmau.    It  is  an  open 


secret  that  this  is  the  reason  for  the  uniformity  of  what  is 
known  as  Sheffield  crucible  steel,  which  steel  retains  its  posi- 
tion in  the  markets  of  the  world. 

、 Large  quantities  of  millstone  grit  are  found  in  the  moor 
districts  near  Sheffield.  Howe  points  out  that  in  some  cases 
blocks  of  millstone  grit  have  been  used  with  fair  results. 

In  addition  to  the  ordinary  and  well-known  refractories 
in  which  silica  and  alumina  play  the  chief  parts,  the  somewhat 
rare  product  zircoiiia  has  recently  received  much  considera- 
tion. Ill  tlie  interesting  book  published  not  long  ago  on 
" The  Rare  Earths,  '  by  Mr.  S.  1.  Levy,  B.A.,  B.Sc.，  a  chaptei 
is  devoted  to  the  study  of  zirconium  and  its  oxides.  In  this 
refereiice  is  made  to  the  importance  of  its  use  as  a  refractory. 
This  oxide  was  isolated  as  a  new  earth  from  zircon,  obtained 
from  Ceylon  by  Klaproth  in  1789.  A  little  later  the  new 
earth  was  obtained  also  from  hyacintPi.  The  new  oxide  was 
examined  in  1818  by  Berzelius,  who  found  it  resembled 
alumina.    The  formula  Zr^O^  was  then  given. 

Whilst  zirconium  is  fairly  widely  distributed  in  Nature, 
it  is  in  very  small  quantities,  and  can  be  rightly  classed  as 
one  of  the  rarei、  elements.  The  most  important  source  of  the 
element  was  until  quite  recently  the  mineral  zircon  with  its 
gem  varieties,  hyacinth  and  jargon.  The  chief  source  of  the 
ore  at  present  is  the  naturally  occurring  oxide,  baddeleyitCj 
which  IS  almost  pure  zirconia  (ZrO^  =  9b*5  per  cent.).  This 
was  discovered  in  1892，  particulars  being  given  by  ±'1  etcher 
in  the  Mining  Magazine  of  1893.  This  has  been  obtained 
from  the  pyroxeiiite  sand  of  Sao  Paulo,  South  Brazil,  also  in 
Ceylon  and  in  Montana,  U.S.A.  Its  melting  point  is  pro- 
bably about  2,700"  C,  and  at  3，000。  C.  it  begins  to  •volatilise. 

Zirconia  occurs  in  crystalline  rocks,  specially  in  granular 
limestone,  schist,  gneiss,  syenite,  and  granite.  The  most  fre- 
quent forms  ar©  the  silicates  of  zirconium,  ZrSiO^.  The  chief 
localities  are  in  alluvial  sands  in  Ceylon,  the  Urals,  in  the 
gold  districts  of  Australia,  Brazil,  and  in  many  places  in  North 
America.  It  has  been  shown  by  Riecke  in  "  Spreclisaal/'  1908， 
No.  41,  that  whilst  the  oxide  is  very  suitable  for  the  manu- 
facture of  highly  resistant  crucibles  and  other  refractories,  its 
use  is  restricted  by  the  fact  that  it  is  somewhat  easily  reduced 
by  carbon  at  high  temperatures,  forming  the  carbide. 

It  appeal's  that  as  early  as  1904  the  use  of  zirconia  was 
suggested  for  cutting  muffles,  retorts,  and  tubes  which  are 
required  to  withstand  high  temperatures.  It  promises  to  be 
of  the  greatest  use  in  all  cases  where  a  very  refractory 
material,  stable  towards  the  ordinary  chemical  reagents,  is 
required. 

Metallic  zirconium  has  also  been  obtained  by  the  calcium 
reduction  process,  introduced  by  Kuzel  and  Wedekind. 
Whilst  zirconia  is  not  reduced  by  powdered  aluiniiiium  (Gold- 
Schmidt's  process),  alloys  of  zirconium  and  iron  can  be  easily 
obtained  by  reduction  of  the  mixtures  of  the  two  oxides  by 
this  method.  It  appears  alloys  containing  up  to  35  per  cent, 
of  zirconium  can  be  obtained  ；  this  ferro-zircon,  as  it  is  called, 
has  been  to  some  extent  recently  replaced  by  ferro- titanium 
for  the  purification  of  steels.  Several  German  patents  have 
been  taken  out  for  this  purpose.  It  is  also  stated  that  any 
addition  of  small  quantities  of  zirconium  to  steels  (brass, 
copper,  &(:.)，  is  said  to  secure  sound  castings,  whilst  increasing 
considerably  the  strength  and  resistance  to  acids  of  the  metal. 

The  Foote  Mineral  Company  of  Philadelphia  have  paid  a 
good  deal  of  attention  to  zirconia,  which,  owing  to  its  high 
degree  of  infusibility,  high  resistance  to  basic  or  acid  slags, 
low  thermal  conductivity,  low  coefficient  of  expansion,  they 
say  can  be  employed  at  the  highest  teniperatm'es  without  the 
d  est  ruction  of  the  furnace  linings.  The  material  is  supplied 
as  zirconium  oxide,  also  in  the  form  of  cement,  affording  a 
plastic  bond  when  wet. 

In  addition  to  the  excellent  and  complete  set  of  exhibits 
from  various  ineinbers  of  the  society,  also  other  friends  and 
firms,  it  had  occurred  to  liini  (Sir  Robert)  that  in  these  intro- 
ductory remarks  to  the  symposium  of  papers  now  presented 
it  would  be  well  to  exhibit  specimens  of  refractory  materials, 
also  th ose  which  were  definitely  known  to  liave  given  good  and 
had  results,  with  a  view  to  obLain  some  discussion  with  regard 
to  reasons  for  their  respective  satisfaclory  and  unsatisfactory 
behaviours.  A  table  giving  a  full  description  of  these  was 
presented,  which  showed  that  analysis  only  did  not  by  any 
means  tell  all  w©  wanted  to  know.  Evidently  there  were 
j)hysi (； al  conditions  prevailiiig  in  these  refractories  which  were 
not  yet  understood,  just  as  in  Imrs  of  the  same  steel  and  coni- 
posilioii  one  niiglil  obtain  good  and  bad  tensile  elongation 
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qualil  ios,  1  lio  causes  of  which,  howovor,  wero  now  fairly  well 
uiulorstotKl.  Whilst ,  theref'oi'e,  it  was  not  anulysis  alone  which 
would  tell  wily  one  refrju'lory  was  good  and  uiiother  biitl, 
、、'(、  had  to  look  for  t  he  physical  coiuiit  ions  of  t  ho  rewpoct  ivo 
conihinut  ions  of  llu>  eloiiUMits  present ,  t  hat  was,  apart  from 
t heir  chemical  constilueiils.  I  therefore  add  the  i'ollowiiii^ 
information  which  has  come  to  iiie  Froin  my  ('ompany's  labora- 
tories in  Sheffield.  1  give  this  fully  liecaiise  it  represents  the 
practical  views  of  those  hamlliiig  daily  various  types  a»i(l 
qualities  of  refractories. 

Sftftf/  far  Open-// rr/rfh  / 八〃 /"/".、'，  of  wliicli  l)ot,li  British 
aiul  Bel<>ian  specimens  are  submit  1  ed.  Whilst  Belgian  sand 
for  ()])eii-hearth  furiKU'e  bottoms  was  in  universal  use  before 
f  ho  war,  when  those  supplies  were  stopped  it  was  necessary  to 
experiment  with  British  sands.  This  was  at  first  done  by 
iiiixiure  with  Belgian  material,  but  uUiniately  a  British  sand 
has  been  found  to  give  practically  the  same  results  as  the 
foreign  product  since  its  properties  were  correctly  understood. 
Ill  this  respect  I  would  suggest  that  those  in  difficulty  and 
doubt  would  oiten  be  able  to  obtain  most,  interesting  and 
valuable  information  from  Dr.  Strahan,  the  Director  of  the 
Geological  Survey  and  Museum  in  Jermyn  Street. 

Silir"  BiicI". — One  of  the  chief  difficulties  experienced 
with  silica  bricks  is  insufficient  burning,  known 
to  furnace  men  as  "  half-bakes."  Such  bricks 
flux  almost  as  readily  as  firebricks.  If  such 
bricks  are  not  detected  before  putting  in  the 
furnace,  it  may  mean  shutting  down  the  furnace 
for  repairs,  although  the  rest  of  the  furnace  is 
quite  good . 

Fire-claif  Sioppem. ― Stoppers  are  quite  as 
important  as  nozzles.  Magnesite  does  not 
appear  to  make  a  successful  stopper  as  hither- 
to manufactured,  owing  to  its  liability  to  crack 
and  spelch.  When  using  magnesite  nozzles  it 
frequently  happens  that  the  fireclay  stopper 
ends  collapse  during  the  castings,  and  fused 
pieces  pass  through  the  nozzles.  Fireclay  noz- 
zles wear  badly  as  compared  with  magnesite, 
and  usually  the  orifice  is  double  the  size  after 
similar  work,  which  means  that  a  good  d&al  of 
silica  has  entered  into  the  steel  and  is  the 
cause  of  subsequent  trouble. 

Maf/nesite  Nozzles. —— Magnesite  nozzles  have 
given  excellent  results  when  used  for  a  large 
number  of  castings  from  one  heat,  also  with 
steels  containing  0'90  per  cent,  of  manganese 
and  upwards.  This  is  due  to  the  fact  that  such 
steels  haw  a  severe  chemical  action  on  the  fire- 
clay nozzles.  Tlie  use  of  magnesite  for  nozzles 
is  not  a  new  idea,  but  owing  to  the  more 
stringent  specifications  in  the  manufacture  of  steel  this  use  of 
inagnesite  is  now  being  brought  forward.  One  of  our  nozzle 
experiments  was  made  with  a  combination  of  magnesite  and 
fire-clay,  but  this  was  not  successful,  as  the  acid  flux  from  tlie 
fire-clay  attacked  the  magnesite  and  caused  too  much  increase 
in  the  size  of  the  orifice  in  the  nozzle.  It  is  also  extremely 
iin portant  that  these  nozzles  should  be  perfectly  dry. 

l^linnhago  Stoj)pers  and  Xozzles. — A  number  of  these 
have  been  tested  and  the  results  obtained  so  far  have  been  no 
better  than  those  with  fire-clay. 

A/af//iesife  Brivl-^. —— As  is  well  known,  this  country  was 
unfortunately,  partly  through  ignorance  and  lack  of  enter- 
prise, to  some  extent  dependent  upon  Austrian  magnesite. 
Supplies  have  also  been  obtained  from  Gre<^ian  mines/ 

Dolomife  }irirl-s. ― For  use  on  tlie  walls  and  roofs  of  elec- 
tric furnaces,  these  would  he  invaluable  if  means  could  he 
devised  to  prevent  perishing'. 

Zfrro/fla. ― Experiments  are  now  in  j^iogress  with  this 
material,  with  regard  to  the  practical  application  of  which  it 
will  no  doubt  be  possible  to  submit  fuller  information  later  on. 

C'()/tc//fston. ― Tliis  subject  of  refractories  has  been  treated 
in  the  past  far  too  much  in  an  empirical  manner.  Whilst  in 
this  country  much  has  been  done  from  the  time  of  Wedgwood 
ami  others,  yet  let  us  now  show  the  world  that  we  intend  to 
！ ea(l  the  way  and  take  up  this  important  branch  of  metallurgy 
i"  a  proper  scientific 川 aimer.  Much  research  is  required  in 
addition  to  that  carried  on  at  the  works  of  the  manufacturers. 
Research  centres  such  as  tlie  National  Physical  Laboratory,  tlie 
Metallurgical  Section   of  the  Sheffield  University,  and  still 


wove  reconl  ly  t  lio  Advisory  (Council  i'or  Srioiit  ific  aiul  Tiulus- 
I  rial  llesearcli,  are  all  ])ro|):iro(l  ")  render  iH'ip,  ciUif'r  l,y  carry- 
ing  owl  act  ual  l  esoarclies  or  fimling  research  grants  I o  t  lioso 
1  liey  are  s;il  isliod  will  wisely  spend  such  *^n-aiils  and  make  use 
()r  su(,li  inlorrnat  ion.  1 1  is  ")  he  lioped  I  hat  t Jiis  evenings 
syinposiinn  ol"  papers  will  result  in  extended  knowledge  on  this 
impodant,  subject.  Tf  so,  the  Council  of  1  lie  Faraday  Society 
will  l)e  well  repaid  for  Ihe  t rouble  t hey  have  t akon  in  its  pre- 
paral  ion. 

( T"  hf  rotili fnwd .) 


CONTROL  MECHANISM  OF  BORING  AND  TURNING  MILLS. 

On  many  boiiiii^  and  turning  mills  one  control  lever  is  pro- 
vided for  hi  ingiiig  into  operation  either  the  fast  or  slow  move- 
ment, aiul  another  lever  is  used  for  reversing  the  movement. 
On  some  boring  and  turnijig  mills  there  are  many  oilier  levers 
with  the  result  that  the  control  of  the  tool  becomes  very 
complicated.  With  a  view  to  simplify  tlie  control,  Messrs. 
Webster  &  Bennett,  Ltd.,  Northey  Road  Works,  f^oleshill, 
Coventry,  and  Mr.  Harry  Thompson,  have  designed  and 
patented  the  arraiigemeiit  shown  in  the  accompanying  illus- 


CoNTRoL  Mechanism  of  Boring  and  Tubning  MtltjS. 

trations.  Tu  tliis  design  the  control  is  effected  by  a  lever  hav- 
ing a  compound  movement,  motion  of  which  in  one  plane 
engages  the  fast  and  slow  motions  of  the  mill,  whilst  motion  in 
another  plane  controls  the  direction  of  such  motions.  Thus 
the  operator  can,  without  releasing  the  lever,  control  four 
different  features  of  the  mill.  The  arrangement  comprises  an 
actuating  shaft  A,  which,  when  moved  endwise  in  one  direc- 
tion, engages  the  fast  motion,  and  when  moved  in  the  other 
direction  brings  into  operation  the  slow  movement.  The  shaft 
is  also  free  to  twist,  and  when  twisted  one  way  it  causes  the 
tu iret  to  move  in  one  direction,  and  when  twisted  in  the 
opposite  direction  it  reverses  the  direction  of  its  movement. 
Mounted  around  the  shaft  is  a  bracket  B  in  which  the  shaft 
takes  a  bearing.  This  bracket  carries  curved  guides  C  between 
which  lies  a  cylinder  F  on  a  lever  I).  The  level*  is  pivoted  on 
tlie  shaft  A  by  a  pair  of  pointed  pins  E  engaging  radial 
recesses  in  the  shaft,  so  set  that  the  lever  is  free  to  rock  about 
the  axis  of  the  shaft,  at  the  same  time  twisting  the  shaft  with 
the  end  F  sliding  in  relation  to  the  guiding  surfaces.  This 
motion  controls  tlie  feed  and  reverse.  The  lever  can  also  rock 
longitudinally  with  regard  to  the  shaft,  its  fulcrum  being  it's 
point  of  engagement  of  the  part  F  with  the  guiding  surfaces 
C.  When  rocked  in  this  manner  the  shaft  is  moved  longitu- 
dinally and  tbe  fast  and  slow  motions  are  thus  controlled. 
With  tliis  arrangement  a  simple  lever  controls  the  four  most 
important  nioveiiieiits  of  the  machine,  movement  in  one  plane 
operating  the  fast  and  slow  motions,  ami  that,  in  another  plane 
controlling  the  direction  of  such  movements, 
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STEAM-FLOW  MEASUREMENT.* 

BY  KUVIX  G.  BAILEY. 

{( 'onri ii(h'(]  from  pn(je  J6*J,) 

The  hfdo u.r 人八 Bell  for  Mea^urlnf/  Small  Pres- 
fiiirf  Differencfii. ― Of  the  three  principal  methods  usually  em- 
ployed to  measure  small  pressure  differences,  viz.,  U-tube, 
diaphragm,  and  liquid-sealed  bell,  the  latter  has  been  found  to 
be  the  most  satisfactory-  It  is  on  the  same  basic  principle  as 
a  piston  which  gives  a  force  proportional  to  the  area  times  the 
(lifTerence  in  pressure  applied  to  its  opposite  sides,  but  by  seal- 
ing the  walls  of  the  l)ell  in  a  liquid,  instead  of  confining  the 
piston  to  a  cylinder,  it  is  made  subijtantially  frictionless  in 
its  operation.  Fut  her  more,  by  varying  the  relative  cross- 
sectional  area  of  the  bell  and  its  walls,  any  complex  relation 
between  pressure  difference  and  bell  motion  may  be  readily 
obtained. 

A  very  ingenious  and  thoroughly  practical  design  for  flow- 
meter work  has  been  described  by  J.  W.  Ledoux.  This  can  be 
briefly  explained  by  referring  to  Fig.  6，  which  shows  a  typical 
flow  curve  and  a  liquid  seal  bell  of  this  type  in  five  different 
positions  correspond  in    to  as  many  rates  of  flow  equally  spaced 


rate  01  flow  0  25          50  75  m% 

tteotl      0  6          25  %  m% 

CUI  Motion  0  ?5          50  75  lOO* 

aejfiD  mffM  hh^Im  h^Um 


Fifi.  0.— pRiNrii'i.K  OF  Lf,doi-x  Ligrin-sEAivKi)  Bklt^. 

between  zero  and  100  per  cent.,  inclusive.  In  the  zero  position 
the  bell  is  held  almost  completely  submerged  so  that  the  large 
effective  area  and  the  thin  wall  are  at  the  surface  of  the 
mercury.  The  increment  of  pressure  difference  corresponding 
to  the  first  appreciable  rate  of  flow  is  very  small,  but  this  is 
effective  over  tlie  entire  area  of  the  bell,  forcing  it  upward, 
and  as  the  bell  rises  its  walls  emerge  from  the  mercury,  chang- 
ing the  buoyant  force,  thereby  ex  icily  counteracting  the 
upward  force  due  to  the  pressure  difference.  A  rate  of  flow  of 
25  per  cent,  corresponds  to  a  head  of  only  6  per  cent.,  so  that 
the  relation  between  bell  area  and  wall  gives  a  very  powerful 
and  magnified  motion  which  is  directly  proportional  to  the 
rate  of  flow,  and  therefore  aniouiits  to  25  per  cent,  of  the 
total  bell  motion  allowed  for  in  the  design.  And  so  on,  each 
step  may  l)e  followed,  showing  that  the  motion  of  the  bell  is 
directly  proportional  to  the  rate  of  flow,  and  tliat  the  device  is 
not  only  one  easy  to  read  ami  which  permits  integrating 
mechanism  to  he  used  with  a  simple  design,  but  one  wliicli  lias 
also  greater  power  at  tlie  lower  rates  of  flow  and  produces 
a  very  satisfactory  degree  of  accuracy.  An  interesting 
feature  of  this  bell  is  that  the  volume  of  mercury  displaced  on 
its  interior  side  by  the  difference  in  the  level  of  mercury, 
exactly  equals  the  volume  of  the  walls  in  the  bell  which  are 

*  Abstract  of  r'aper  j)res('ntnfl  at  ainoctint*  of  Ui(，  I^oston  section  of  the  American 
Society  of  Meolianical  Engineers,  May  23rd,  19 IG. 


forced  out  from  the  mercury,  so  that  the  mercury  level  in  the 
containing  reservoir  is  substantially  constant.  The  higher 
and  lower  pressure  connections  terminating  within  and  above 
the  bell  respectively  are  so  positioned  that  a  soft  packing  filler 
pieco  will  engage  and  seal  either  of  these  when  an  extreme 
position  is  taken.  This  effectively  seals  either  outlet,  and  as 
the  entire  mechanism  is  enclosed  in  a  steam-pressure  tight 
casing*  and  cofnpJetely  filled  with  water,  no  mercury  can  be 
blown  out  or  the  accuracy  of  the  mechanism  impaired  through 
excessive  pressure  differences  caused  either  by  abnormal 
rates  of  flow,  faulty  manipulation  of  the  valves,  or  even  the 
breaking  of  one  of  the  two  pressure  connecting  pipes.  Fig.  8 
shows  one  application  of  the  Ledoux  bell  to  a  recorder. 、 

M ('(txu reweni  of  Puhnti"g  Fh)u\ ― The  question  of  measur- 
ing steam  to  recinrocaiing  engines,  pumps,  &c.,  has  been  some- 
wli;it  misunderstood.  Many  engineers  have  the  impression 
that-  the  pulsations  cause  an  unduly  fluctuating  motion  of  the 
recording  or  integrating  mechanism  so  that  accurate  results 
cannot  be  secured.  But  such  is  not  the  case  except  in  very- 
slow  speed  pumps.  It  is  also  wrong  to  say  that  a  flow  meter 
is  inaccurate  for  measuring  pulsating  flow,  for  the  present  flow 
meters  will  produce  accurate  results  when  more  knowledge 
is  gained  along  this  line.  Steam  flowing  to  a  reciprocating 
engine  follows  some  suoh  variations  as  are  shown  in  Fig.  8， 
tlie  exact  nature  of  the  curve  depending  upon  the  cut-off 
capacity  of  the  steam  line  between  the  orifice  and  the  engine, 
and  some  other  factors.  At  any  rate  of  flow  there  are  very 
great  and  frequent  variations  in  the  rate  of  flow  which  occur 
periodically  and  yet  so  rapidly  that  no  recording  meter  could 
possibly  follow  them  individually.  In  fact,  the  inertia  of  tlie 
water  columns  in  the  connecting  pipes  to  the  recorder,  together 
with  the  mercury  in  the  U-tube,  bell  float,  or  other  mechanism, 
is  so  great  that  no  appreciable  motion  results  from  the  indi- 
vidual pulsations,  but  rather  the  reading  is  an  average  of  the 
head  or  pressure  difference  resulting  from  such  flow.  Regard- 
less of  the  use  of  cams,  special-shaped  bells,  displacing  members, 
or  any  other  mechanism  whereby  a  motion  is  produced  in 
direct  proportion  to  the  rate  of  flow,  for  continuous  flow  they 
cannot  possibly  produce  an  average  reading  that  is  directly 
proportional  to  the  rate  of  flow  in  the  case  of  pulsating  flow. 

In  Fig.  8  the  parabola  shows  the  characteristic  relation 
between  rate  of  flow  and  pressure  difference  with  100  per 
cent,  flow  at  100  per  cent.  head.  Assuming  that  the  rate  of 
flow  varies  from  zero  to  100  per  cent.,  the  nature  of  the  cycle 
being  no  flow  during  50  per  cent,  of  the  time  and  100  per  cent, 
flow  during  the  other  50  per  cent,  of  time,  then  the  average 
flow  would  be  50  per  cent.  At  the  same  time,  the/  pressure 
difference  varies  in  like  manner  from  Oin.  to  50in.  water  head, 
with  an  average  of  25in.  The  inertia  of  the  meter  Miechaiiism 
produces  a  reading  corresponding  to  this  average  pressure 
difference  of  25in.  instead  of  an  average  reading  of  50  per 
cent,  on  the  quantity  scale.  The  reading  on  the  quantity  scale 
corresponding  to  the  average  head  of  25in.  is  707'  per  cent. 
This  707  per  cent,  divided  by  50  per  cent.,  which  is  the  true 
average  flow,  gives  1*42,  or  a  reading  42  per  cent,  higher 
than  would  be  the  case  if  the  same  amount  of  steam  were 
flowing  at  a  continuous  rate.  This  ratio  has  been  termed  the 
" pulsating  factor,"  and  while  it  might  be  calculated  on  a 
theoretical  basis  from  the  nature  of  the  flow  curve,  if  it  were 
known,  yet  it  is  better  to  determine  it  by  actual  calibration  ； 
and  if  so  determined  the  steam-flow  meter  can  operate  as 
satisfactorily  on  a  reciprocating  ei.giiie  as  on  a  continuous 
flow  to  turbines,  heating  systems,  &c.  It  should  be  remem- 
bered that  the  pulsating  factor  may  not  be  the  same  at  all 
different  loads  of  the  engine.  It  is,  however,  a  function  of 
the  load  for  any  one  engine  so  long  as  the  valve  adjustment, 
remain  reasonably  uniform. 

The  problems  in  connection  with  pulsating  flow  that  are 
most  difficult  are  those  in  which  there  is  a  mixture  of  pul- 
sating and  continuous  flow,  with  no  definite  ratio  or  relation 
existing  between  the  two.  An  example  of  this  would  be  a 
steam  line  supplying  botli  an  engine  and  a  turbine.  Another 
case  where  the  pulsating  effect  has  been  encountered  was  in 
a  steam  line  leading  from  a  main  header  to  a  heating  system 
where  a  reciprocating  engine  also  drew  steam  from  the  same 
header.  Even  tliougli  the  orifice  of  the  flow  meter  was  in  the 
bi  ancli  line  leading  to  the  heating  system  alone,  yet  the  inter- 
niiitent  flow  of  steam  to  the  engine  caused  a  fluctuation  in 
tlie  steam  pressure  in  the  header.  This  fluctuation  in  static 
pressure  caused  a  fluctuation  in  tlie  rate  of  flow  of  steam  to 
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the  hoatino;  system  from  this  hoador,  with  t ho  result  t liat  an 
erroneous  readint;  nii^ht.  have  heo-i  obt  aiiunl  it'  t  lio  mot  er  Iwul 
not  1)00 n  calibrated  luuler  such  operating  coiulilions.  Tlio  pul 
sating  factor  may  somet  imes  he  eliniiiiated  by  t  lirot  i  liiii^ 
between  the  oriiice  and  the  sourco  of  ])ulsat ion. 

Citlihrafion  of  ,、？〃〃"-//"〃，  M t  ft  rs.  -It  is  desirable  t'()  liave 
a  ready  means  for  calibrating  stoaiu-now  meters  in  place  as 


Frc. 


"DiFFEUKXTLVL  PRESSURE  RECORDEH,  LeDOUX  BkLL  TYPK. 


it  is  for  wattmeters,  pressure  gauges,  thermometers,  &c.  It 
has,  heretofore,  been  considered  necessary  that  steam  flow 
meters  be  calibrated  by  passing  all  the  steam  through  a 
turbine  to  a  surface  condenser  that  is  known  to  be  tight  and 
free  from  leaks.  This  latter  point  can  be  well  taken  care 
of  where  sea  water  is  used  for  circulating,  but  is  often  diffi- 
cult where  fresh  water  is  used.  The  other  method  is  in 
weighing  water  to  a  boiler  from  which  all  the  steam  passes 
through  the  meter  being  calibrated.  In  this  case  it  is  neces- 
sary to  guard  against  leaks  from  the  feed  line  b】ow-off，  or 
branch  steam  lines.  An  additional  difficulty  arises  in  the 
boiler  method,  which  is  in  having  the  same  amount  of  water 
in  the  boiler  at  the  end  as  at  the  beginning  of  the  test.  The 
fact  that  the  water  level  is  brought  to  the  same  mark  on  the 
gauge  glass  is  not  positive  evidence  that  the  water  in  both 
drums,  or  even  different  parts  of  the  same  drum,  is  at  the 
same  level.  But  a  still  greater  source  of  error  along  this 
line  lies  in  the  volume  of  steam  beneath  the  water  level,  whicli 
is  greatly  affected  by  rate  of  steaming.  Some  tests  on  a 
500  h.p.  Babcock  &  Wilcox  boiler  have  sliown  that  the  volume 
of  steani  beneath  the  water  level  varies  as  much  as  50  cub.  ft. 


Heaa  -  inchti  Of  Water 
Fig.  8.— Effect  op  Pulsating  Flow. 


with  a  change  in  the  rate  of  steaming  of  14,0001bs.  per  hour. 
That,  is,  the  boiler  was  steaming  at  the  rate  of  24,O001bs.  per 
hour  at  the  beginning  of  the  hour,  and  at  10，0001bs.  per  hour 
at  the  end  of  the  hour;  there  were  ll，5001bs.  of  steam  gene- 
rated during  the  hour,  but  it  was  necessary  to  feed  14,7501bs. 
of  water  to  the  boiler  during  this  period  to  maintain  the 
water  level  at  the  same  point  in  the  gauge  glass.  This  means 
that  3,2501bs.  of  water,  or  over  50  cub.  ft.,  were  required  to 
fill  the  additional  space  occupied  by  the  steam  below  the  water 


level  at  t  lio  liiglier  rate  of  steaming  as  compared  witli  tlio  lower 
ra"».  Tl'is  is  a  source  of  error  that,  cannot  Im  overmme 
()r  corro(r(o(l  except,  by  ('ontimiin"'  a  test,  over  a  Icjiig  period  of 
lime  ;i"d  emling  tlie  t est.  wit  li  t  he  same  rate  of  sieainiiig  as 
ul  t  lie  hf^gimiing. 

r  O  i  .1/  eflufd  "I  S  h(f  tn-ni  ft  cr 《，"l  "mtfiun . ― In  case  of 
weighing  water  either  to  a  boiler  or  from  a  surface  condenser, 
it,  is  necessary  to  put,  in  large  wei"'hing  tanks  and  scales  ami 
often  make  very  cosily  clianges  in  the  feed  line  or  steam  piping, 
so  that  a  diligent  study  of  this  problem  was  made  to  find  a 
better  method  of  steam  calil)ratioii-rneter.  The  rncl  liod 
worked  out  by  the  writer  consists  in  introducing 
COjj  gas  from  a  higli-pressure  drum  into  the  steam  line  ai 
a  known  aiid  continuous  rate,  permitting  it  to  mix  with  steam, 
then  drawing-  out  a  sample,  coiuleiisinti;  the  steam  and  deter- 
mining the  ratio  of  condensed  steam  to  CO.,  gas. 

Table  I. ― Sutn  nuirif  of  Data  com p<irin(f  S/eam  l\[eaHurem  en  f 
hy  (ICKj  M efhod  with  A  dual  Weifjhf  and  Steam -fo ir  ■ 
Meter,  Orifice  Ti/pe. 
(Made  in  connection  with  evaporation  tests  on  a  512  h.p.  B.  &  W.  boiler. ) 


Dura- 
tion 
of 
test, 

hours. 

Water  fed 
to  boiler 
by  actual 
weight, 
lbs. 

CO2  fed 
per  hour, 
lbs. 

Ratio 
water 
to  COg. 

Steam 
bv  CO,,, 
"lbs. ― 

Steam 

hy 

meter, 
lbs. 

Difference 
between  COg 
method  and 

Actual  ；  Steam 
weight,  :  meter, 
per  cent., per  cent. 

4 

8-64 

2,548 

90,5(10 

91,620 

-1.22 

r  2.5 

78,515 

8.53 

3,645 

77,fi5() 

78,040 

-1.10 

-0-50 

1  6 

133,474 

8.68 

2,50(5 

130,  MM) 

120,190 

-2.20 

+  1-01 

F  3 

54,505 

14.(53 

1,270 

5(),(l(l(» 

5.~),8：}0 

+2.78 

+  ().-29 

' 9* 

187,979 

186, ')()(» 

isr),(  )'_>(» 

-0.78 

+0-80 

5 

132,067 

8.85 

2,91)2 

132,1:50 

133,050 

-0-40 

-1.14 

*  This  line  gives  the  sums  of  the  two  runs  directly  above. 

In  the  first  experimental  work  along  this  line  tlie  attempt 
was  made  to  determine  this  ratio  by  considering  the  CO,,  as 


Counter 
Balance 


FiG.  9.— CO.2  MiiTHOD  OF  Steam  Micasurkmknt. 

carbonic  acid  in  solution  and  titrating  for  the  aniouut  of  it 
contained  in  the  condensed  steam  by  the  use  of  chemical 
means.  Some  rather  erratic  and  unexpected  results  were  at 
first  obtained  from  this  titration  method,  and  in  an  effort  to 
check  up  this  method  another  more  valuable  feature  was 
worked  out  whereby  the  gas  was  thoroughly  separated  con- 
tinuously from  the  condensed  steam  and  the  two  measured 
separately.  The  general  diagrammatic  arrangement  of  the 
apparatus  used  in  this  method  is  shown  in  Fig.  9. 

This  method  is  based  upon  the  addition  of  CO^  gas  from  a 
high-pressure  tank  or  drum  to  the  steam  line  at  a  continuous 
and  known  rate.  The  gas  becomes  thoroughly  mixed  with 
the  steam  as  it  passes  along,  and  a  sample,  consisting  of  a 
mixture  of  steam  and  CO^  gas,  is  drawn  off  continuously  from 
a  point  further  clown  the  line.  The  steam  in  the  sample 
is  then  condensed,  the  gas  and  water  are  thoroughly  separated 
and  each  measured  so  as  to  determine  the  ratio  of  water  to 
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gas.  This  ratio  multiplied  by  the  rate  at  whicli  the  gas  was 
added  will  give  the  rate  of  How  of  sleain. 

The  drum  containing  CO.,  gas  under  high  pressure  is  sup- 
ported on  a  scale  beam  so  ^tliat  its  weight  can  be  determined 
at  any  time,  from  which  the  rate  of  adding  the  gas  is  accu- 
rately determined.  The  gas  is  continuously  discharged 
through  a  flexible  copper  tube  and  a  governor  valve  into  the 
steam  line  through  a  ^in.  spray  tube.  A  sample  of  the  mixed 
steam  and  gas  is  taken  from  the  steam  pipe  at  a  point  further 
down  the  line.  The  sample  is  then  passed  through  a  condens- 
ing and  separating  apparatus  and  the  condensed  steam  and 
gas  are  measured  separately  in  a  graduate  and  Heinpel 
burette,  respect ivelv.  The  entire  operation  is  continuous, 
except  that  these  two  measurements  are  taken  simultaneously 
at  regular  intervals  of  four  to  five  mir i.tes. 

An  accuracy  of  1  per  cent,  to  li  per  cent,  can  be  secured 
when  using  only  lib.  of  gas  to  2,0001bs.  of  steam.  Hence,  it 
is  possible  to  use  this  method  on  large  capacities  up  to  several 
hundred  thousand  pounds  of  steam  per  hour.  Some  data  are 
given  in  Table  I.  This  method  has  also  been  tested  out  for 
measuring  the  flow  of  water,  the  gas  being  injected  into  the 
feed  line,  and  with  the  small  ratio  of  gas  required  the  CO^  is 
completely  absorbed  by  the  water  so  that  a  representative 
sample  is  readily  obtained.  The  gas  is  then  completely  separ- 
ated from  the  water  and  the  ratio  determined  by  the  measure- 
ment of  each. 

It  will  be  noted  that  this  method  is  entirely  independent 
of  steam  pressure,  superheat,  or  percentage  of  moisture,  and 
it  resolves  back  to  an  actual  weight  basis.  It  requires  no 
change  in  piping  except  to  dr  ill  and  tap  for  Jin.  pipe  at  two 
places.  It  is  particularly  adapted  for  test  work  in  calibrating 
meters,  determining  steam  consumption  of  turbines,  engines, 
pumj)s,  auxiliavies,  &c.，  but  does  not  take  the  place  of  a 
permanently  installed  recording  or  iiitegiating  meter. 


IS  SULPHUR  INJURIOUS  TO  STEEL  ？  * 

BY  CARLE  R.  HAY  WARD. 

Sulphur  has  long  been  one  of  the  banes  of  the  steel  manu- 
facturer, and  often  no  effort  or  expense  have  been  spared 
in  order  tQ  reduce  it  to  a  small  per  cent,  in  the  finished  pro- 
duct. This  condition  is  due  to  a  general  conviction  that  in 
many  cases  where  steels  have  failed  in  service,  sulphur  has 
been  the  cause.  But  there  has  been  a  growing  feeling  in 
recent  years  that  the  verdict  against  sulphur  has  been  un- 
necessarily severe.  In  cases  of  segregation  it  was  present  in 
augmented  amounts  along  with  other  ini purities,  but  it  had 
not  caused  the  segregation.  High  sulphur  in  pig  iron  is 
caused  hy  pfX)r  furnace  conditions  and  the  sulphur  is  merely 
one  indication  of  an  iron  that  has  not  been  properly  reduced. 
No  amount  of  subsequent  treatment  under  oxidising  condi- 
tions in  the  open-hearth  furnace  can  remedy  the  defects, 
although  the  per  cent,  of  sulphur  may  be  considerably  reduced. 
Ill  other  wordSj  the  causes  of  bad  steel  can  frequently  be 
traced  back  to  bad  pig  iron,  and  sulphur  is  merely  one  indica- 
tion that  the  pig  iron  is  bad.  The  writer  recently  visited  a 
st  eel  plant  where  a  mass  of  evidence  had  been  accumulated 
v/hich  substantiated  this  fact,  and  the  superintendent  was 
emphatic  in  stating  that  high  sulphur  was  not  hannful  pro- 
vided the  steel  was  not  otherwise  poor  clue  to  insufficient  reduc- 
tion ill  the  blast t'uniace. 

The  presence  of  a  moderate  amount  of  sulphur  is  desirable 
from  the  standpoint  of  the  man  who  machines  the  steel.  The 
low  sulphur  materia]  drags  and  the  production  of  a  smooth 
surface  is  very  difficult .  A  slight  increase  in  sulphur  enables 
the  machinist  to  produce  a  smooth  surface  without  difficulty. 
Since,  therefore,  such  large  quantities  of  steel  are  subjected  to 
Tiiachininp,  it  becomes  highly  important  that  the  sulphur  con- 
troversy should  be  settled,  and  ii"  its  presence  is  proved  to  be 
liarrnless  the  ban  on  it  should  be  lifted. 

Anion;^  the  recent  papers  on  the  efTect  of  sulphur  on  steel 
is  one  bv  T)r.  J.  S.  Unger,  manager  of  the  central  research 
bureau,  Carnegie  Steel  Company.  The  results  of  an  exhaus- 
tive series  of  tests  are  given  and  1  iie  conclusion  states  :  "  The 
author  does  not  advocate  paying  any  attention  whatever  to 
sulphur  content  in  steel,  but  believes  firmly  that  a  steel  con- 
taining less  than  O'lOO  per  cent,  is  not  necessarily  bad,  and 

*  AljBtrnct  of  paper  to  ))e  presented  at  the  Now  York  nioetint,'  of  the  Anu  rican 
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that  it  will  show  little,  if  any,  difference  in  quality  when  com- 
pared with  the  same  steel  of  much  lower  sulphur,  other  condi- 
tions being  tlie  same." 

The  present  investigation  was  undertaken  at  the  suggestion 
of  A.  H.  Annan,  of  the  Rhode  Island  Tool  Company,  who 
co-operated  by  furnishing  the  steel  and  niachiiiing  the  speci- 
mens. The  results  are  presented  as  a  contribution  to  the 
general  knowledge  on  tlie  subject.  It  was  planned  to  lise  three 
steels,  of  different  sulphur  content,  but.  with  the  other 
elements  the  same.  The  manganese  was  an  exception,  how- 
ever, for  with  this  element  part  is  in  the  form  of  MnS  existing 
free  in  the  steel  and  the  remainder  is  dissolved  in  the  steel. 
It  is  evident,  therefore,  that  the  manganese  should  vary  but 
that  the  amount  in  excess  of  MnS  should  be  constant  in  the 
different  steels.  The  steels  finally  selected  were  in  the  form  of 
:;in.  round  bars.  Two  bars  of  each  grade  were  required  to 
furnish  sufficient  specimens.  The  analyses  are  shown  in 
Table  I. 

Ill  order  to  make  a  comparison  of  the  steels  under  different 
conditions  it  was  decided  to  heat  all  the  specimens  to  a 
temperature  just  above  the  critical  range,  quench  in  water, 
and  reheat  different  lots  to  300^  400°,  500"\  and  600°  C.， 
respectively.  For  this  purpose  the  bars  were  cut  in  Tin. 
lengths,  which  was  sufficient  for  tensile  specimens  and  speci- 
mens for  microscopic  examination. 

The  furnace  used  is  shown  in  Fig.  1.    The  muffle  is  made 
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of  alundurn  and  is  2in.  high,  9in.  wide,  and  16in.  long.  It  is 
wound  with  No.  15  excello  resistance  wire.  In  order  to  main- 
tain uniform  heating  of  the  specimens,  they  were  supported  on 
an  asbestos  rack,  as  shown.  Asbestos  shields  were  placed  on 
the  sides  and  ends  of  the  rack  so  that  the  specimens  in  the 
furnace  were  ])racticallv  in  a  muffle  within  a  muffle.  A  plati- 
iiuin,  ])latinuni-rhodiurn  thermo-couple  was  introduced 
through  the  back  of  the  muffle  into  the  centre  of  tlie  healing 
cliainber  and  connected  to  a  Siemens  and  Halske  recording 
galvanometer. 

Table  T. ― -1  of  Tesi  Sfeelit. 
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Tlie  procedure  in  heat  treatment  was  as  follows :  The 
furnace  was  heated  to  88(r  C.  and  nine  specimens  introduced. 
This  caused  the  temperature  to  fall  to  550°  C.，  and  it  took 
aljoiit  40  iiiiiiutes  to  again  reach  880".  When  the  latter 
temperature  was  reached  it  was  uiaitit ained  constant   for  1 5 
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minutes,  after  which  I  he  specimens,  except  as  noted  below, 
were  qiiouched  in  water  and  a  now  lot  ii" I'oduml  into  the 
furnare.  This  was  continued  until  all  Imt  18  of  the  specimens 
had  1)0011  tro.'itod.  Nine  of  t liese,  ('(insisting  of  three  hi^h, 
tliree  medium,  :uk1  three  low  sulpliur  steels,  were  removed 
from  the  furnace  and  allowed  to  cool  in  air.  The  re:iiainiii*( 
nine,  consisting  of  three  of  each  sulphur  content,  were  allowed 
1  o  cool  in  the  furnace. 

In  drawing  the  quenched  speciniens  at  the  various  tent- 
])eratures,  the  procedure  was  as  follows  ：  The  furnace  was 
ilea  ted  to  600。  C.  and  nine  specimens,  three  of  each  sulphur 
content,  were  introduced.  The  temperature  fell  and  it  required 
about  30  minutes  to  come  back  to  600""  C.  It  was  maintained 
here  for  10  minutes  and  then  the  specimens  were  withdrawn 
and  quenched  in  water.  The  furnace  was  cooled  to  500°  C.  and 
another  set  of  nine  specimens  was  introduced.  When  the 
temperature  had  regained  500°  C.  it  was  maintained  constant 
for  10  minutes  and  then  the  specimens  were  withdrawn  and 
quenched.  Following  a  similar  procedure,  sets  of  nine  speci- 
mens were  treated  at  400°  and  300。  C.  respectively. 

After  sawing  off  J^in.  from  each  piece  for  microscopic 
examination,  standard  test  specimens  were  prepared  with  2in. 
gauge  length,  0'505in.  diam.  and  threaded  ends.  These  were 
pulled  in  an  Olsen  machine  in  the  testing  laboratory  of  the 
Massachusetts  Institute  of  Technology.  After  concluding  the 
tensile  tests  it  was  thought  desirable  to  determine  the  effect 
of  varying  sulphur  content  on  specimens  subjected  to  shock. 
Through  the  kindness  of  the  testing  department  of  the  Water- 
town  arsenal,  the  use  of  the  Charpy  machine  was  obtained  for 
tliis  purpose.  The  remaining  ^in.  stock  of  the  bars  was  sawed 
into  2in.  lengths  and  the  specimens  subjected  to  heat  treat- 
ment in  sets  of  three  under  the  same  conditions  that  obtained 
in  the  case  of  the  tensile  specimens.  After  heat  treatment, 
the  specimens  were  machined  to  conform  to  the  following 
specifications  ：  Length  55  mm,  cross-section  10  by  10  mm., 
notch  across  one  side,  midway  between  the  ends,  1  mm.  wide. 
Radius  of  cutter  edge,  j";  mm. 

The  Charpy  machine  consists  of  a  heavy  pendulum  which 
drops  from  a  fixed  height,  strikes  the  specimen  supported  at 
each  end,  and  breaks  it  at  the  notch.  The  pendulum  then  con- 
tinues its  swing  and  the  height  it  reaches  is  registered.  Know- 
ing the  weight  of  the  pendulum,  the  height  it  falls,  and  the 
height  it  rises,  a  simple  calculation  gives  the  energy  consumed 
in  breaking  the  specimen. 

ConrIusio//s\ ― The  results  of  the  tensile  tests  show  that  the 
sulphur  does  not  lower  the  tensile  strength.  The  figures 
obtained  for  elongation  and  reduction  of  area  show  that  tliere 
is  little  difference  in  ductility  between  the  low  and  medium 
sulphur  steels,  but  the  ductility  of  the  high-sulphur  steel  is 
slightly  lower  than  the  other  two  for  most  of  the  treatments. 
The  average  figures  for  the  shock  tests,  except  for  the  air  and 
furnace-cooled  specimens,  are  highest  for  each  treatment  in 
the  case  of  the  low-sulphur  steels  and  lowest  for  each  treat- 
ment for  the  high-sulphur  steels.  The  widest  difference  appears 
in  tlie  steels  which  were  quenched  and  reheated. 

It  is  difficult  to  draw  definite  conclusions  from  the  results 
because  of  the  newness  of  the  shock  test  and  the  difference  of 
opinion  among'  engineers  regarding  its  value.  The  tensile  tests 
are  not  unfavourable  to  steels  with  moderate  amounts  of 
sulphur,  while  the  shock  tests  show  a  decided  falling  off  in 
strength  as  the  sulphur  increases.  Until  the  interpretation  of 
the  results  from  the  Charpy  machine  is  more  fully  under- 
stood, it  is  impossible  to  say  to  wliich  set  of  tests  the  most 
importance  should  be  attached. 

Further  light  might  be  thrown  ov  the  subject  by  making 
alternate  stress  or  fatigue  tests.  It  would  be  important  to 
learn  whether  the  results  would  confirm  the  tensile  or  shock 
tests.  Unfortunately,  however,  the  stock  of  steels  used  in  the 
previous  work  was  exhausted,  and  whatever  the  results  of  the 
fatigue  tests  there  would  be  an  uncertainty  in  their  interpre- 
tation because  of  difference  in  stock.  It  was  therefore  decided 
riot  to  include  this  series  in  the  present  investigation. 
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New  Walsall  Electricity  Station.  ―  The  new  electricity 
generating  station  which  has  been  erected  for  Walsall  Cor- 
poration at  an  approximate  cost  of  £75,000,  on  a  site  at 
Birchills,  was  formally  opened  a  few  davs  ago.  Within  the 
past  two  years  as  a  result  of  the  war  Birmingham  has  in- 
creased its  output  from  80  millions  to  150  millions  of  units. 


In  casl  iu^  ahoiit  lor  a  Hul)j ect  on  vvliich  to  fuldross  you  1  o- 
iiii^lit,  1  tell  at  ilrsl  1  lial  it  miglit  he  oi'  interest  to  tako  up 
the  thread  of  the  presidential  address  in  1883  }>/  t ho  lato  Sir- 
Joseph  Hazalgette,  t he  engineer  to  the  Met rojxjlit.'in  Hoard  of 
Works.  For  many  years,  as  engineer  to  the  London  CVnmly 
Council,  I  occupied  very  much  the  same  position  as  lie  did, 
and  I  thought  it  might  ))e  useful  to  look  into  t lie  development 
of  London  from  an  engineer's  point  of  view  during  tlie  period 
which  has  elapsed  since  his  remarks  were  made  on  that, 
subject. 

The  alterations  in  London  since  his  time  have,  of  course, 
been  enormous,  particularly  in  the  tascinating  question  of  faci- 
lities for  traffic.  At  the  date  rneniionecl  tube  railways,  motor 
'buses,  and  ta::icabs  had  not  arrived.  The  first  electric  tram- 
ways in  Great  Britain  came  into  operation  in  that  year,  but 
not  in  London.  Unless  one  com  pares  old  and  new  maps  it 
is  difficult  to  realise  the  extent  of  streets  widened  and  new 
streets  constructed  during  a  period  of  over  30  years.  Elect ric 
lighting  and  telephones  were  only  just  coming  into  general  use. 
Ill  other  services,  such  as  water  supply  and  drainage,  the  im- 
provements since  Sir  Joseph  Bazalgette's  time  have  more  than 
followed  the  increase  in  population.  In  fact,  on  looking  into 
the  matter  I  came  to  the  conclusion  that  the  subject,  if  treated 
as  it  deserved,  was  much  too  vast  for  a  presidential  address.  I 
have,  therefore,  ventured  to  content  myself  with  a  much 
smaller  subject,  and,  with  some  diffidence,  1  propose  to  deal 
in  a  general  way  with  some  very  elementary  questions  which 
have  presented  themselves  to  me  in  connection  with  those 
branches  of  engineering  in  which  I  have  been  particularly 
engaged.  I  am  going  to  say  a  few  words  to-night  about  some 
of  the  reasons  which  at  times  prevent  success  in  engineering. 

Tliere  are  two  kinds  of  want  of  success  which  I  propose  to 
consider ― that  in  connection  with  works  and  that  in  indi- 
viduals. There  is  a  third  class  which  some  of  us  have  expe- 
rienced, namely,  want  of  success  in  undertakings  owing  to 
the  financial  arrangements  coming  to  grief  ；  but  this  class, 
although  very  disconcerting  to  engineers,  is  not  so  clearly 
allied  to  our  profession  as  the  two  former. 

, I  do  not  suppose  there  are  any  engineers  in  this  room  who 
have  carried  out  undertakings  of  any  extent  who  have  not  had, 
at  some  time  or  other,  to  lament  failure  or  accident  in  con- 
nection with  at  least  some  part  of  their  works.  For  many 
years  I  was  fortunate  enough  to  be  engaged  by  some  of  those 
great  engineers  whose  portraits  we  see  surrounding  us,  and  I 
cannot  recollect  any  large  undertaking  which  has  not  at  times 
caused  niy  chief  considerable  anxiety  owing  to  accident  on 
some  portion  of  the  works,  or  from  alteration  in  design  having 
to  be  made  on  account  of  unforeseen  causes.  Since  I  have  been 
carrying  out  works  on  xny  own  responsibility  I  have  found  a 
similar  state  of  affairs,  and  I  believe  all  engineers  have  from 
time  to  time  experiences  of  a  like  kind. 

I  am  not  now  speaking  of  great  calamities  or  disasters  such 
as  the  failure  of  the  first  Quebec  Bridge,  the  first  attempt  at 
constructing  the  Panama  Canal,  the  failure  of  the  old  Tay 
Bridge,  that  of  the  first  attempt  at  constructing  the  Hudson 
Tunnel,  or  the  complete  failure  of  some  reservoir  dams.  I  am 
referring  to  those  misfortunes  which  happen  more  or  less  on 
all  works  of  engineering  construction. 

Although  very  often  not  of  great  magnitude,  they  cause 
the  engineer,  the  contractor,  and  client  great  anxiety  and 
disappointment.  The  engineer  in  the  case  of  accident  causing 
loss  of  life,  even  although  it  may  be  in  connection  with  tem- 
porary works  for  which  lie  is  not  directly  responsible,  feels 
it  very  keenly,  and  probably  thinks  he  might  have  taken, 
or  caused  to  he  taken,  some  precautions  which  would 
have  prevented  it.  Although  even  a  serious  accident  on 
works  may  not  entail  any  extra  cost  to  the  engineer's  client, 
it,  may  necessitate  such  an  addition  to  the  time  of  construc- 
tion as  will  seriously  dislocate  arrangements  made  for  the  use 
of  the  works,  and  may  in  that  way  be  a  cause  of  serious 
financial  loss. 

The  necessity  for  alteration  of  design,  or  part  of  design, 
owing  to  unforeseen  difficulties,  is  generally  a  matter  which 
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cn uses  iinich  anxiour.  thoivs:lit  and  trouble  to  engineer  and 
client.  Unfortunately,  alteration  in  design  is  generally 
atrompaiiied  by  increased  cost  and  time.  In  exceptional 
oases  unt'oreseen  difficulties  may  necessitate  al)aiKlonnient  of 
the  work. 

The  question  arises,  are  euirineers,  as  a  rule,  too  optimistic 
in  designing  their  work,  and  in  their  estimates  of  time  and 
i-'ost  ？  This  question,  however,  only  deals  partially  with  the 
class  of  failures  1  am  oonsiderincr,  and  before  going  further 
I  want  to  clear  the  ground  in  connection  with  one  important 
point. 

"Works  of  any  size  are  generally  carried  out  by  contract, 
and  the  contractor  ein])loyed  has  a  very  important  bearing 
on  the  question.  Probably  every  engineer  would  like  to 
choose  as  contractor  for  any  work  which  he  has  to  undertake 
lliat  firm  wlii''h  has  previously  carried  out  similar  work  for 
himself,  or  for  eiie^ineers  he  knows.  This  course  is,  however, 
one  which  cannot  be  adopted,  except  in  a  few  special  cases, 
owing  to  obvious  reasons. 

As  is  well  known  there  are  two  ways  of  obtaining  con- 
tractors for  works,  either  by  open  tender  or  by  asking  selected 
firms  to  leiitler.  In  the  first  case  it  is  generally  understood 
that  it  is  quite  allowable  not  to  accept  the  lowest  tender  if  the 
firm  has  not  the  necessary  experience  and  standing.  There 
are,  however,  very  often  considerable  difficulties  in  rejecting 
low  tenders  of  unsuitable  firms,  and  explanations  to  clients  are 
often  difficult.  I  have  had  experience  of  a  firm  tendering 
for  work  approximating  in  value  to  one  million  sterling  who 
luid  no  experience  of  the  class  of  work  tendered  for,  but  whose 
financial  and  other  references  were  good.  Fortunately,  the 
teiuler  was  passed  over.  Later  on,  when  the  same  firm 
obtained  a  small  contract  for  somewhat  similar  work,  amount- 
to  a  bout  £35,000,  failure  took  place  before  the  work  was 
two-thirds  completed.  I  only  mention  this  as  an  example  of 
some  of  the  difficulties  which  arise  in  open  tendering.  It  is 
often  very  difficult  to  judge  of  the  financial  position  and  the 
capabilities  of  a  firm  of  wliicli  one  personally  has  no  know- 
ledge. Sometimes  those  who  are  given  as  financial  and 
general  references  seem  to  rather  more  than  stretch  a  point 
in  favour  of  the  firm  enquired  about,  or  the  answers  given  are 
so  Vague  as  to  be  useless. 

It  might  be  considered  that  all  difliculties  could  be  avoided 
by  asking  selected  firms  to  tender,  and  in  sucli  cases  it  is 
*(eiierally  understood  tliat  the  lowest  tender  will  be  accepted. 
The  procedure  is,  however,  often  not  satisfactory.  It  fre- 
quently liappens  that  tlie  client  wishes  to  include  in  the 
selected  list  the  name  of  a  firm  who  lias  carried  out  to  his 
k)io\vJedge  some  work  in  a  satisfactory  way,  although  of  quite 
a  clifTereiit  ciiaracter  to  that  being  dealt  with  at  the  time. 
This  is  often  the  cause  of  great  trouble  to  client,  engineer, 
and  contractor. 

We  all  know  contractors  whom  we  would  cheerfully  accept 
without  any  question  of  reference,  firms  who  at  an  early  stage 
of  the  work  recognise  the  necessity  of  a  good  staff  and  of  pro- 
viding all  necessary  plant  and  who  know  that  the  initial  cost 
1  hereby  incurred  is  more  than  regaihed  by  tlie  facilities 
obtained  in  carrying  out  the  work  and  by  tlie  saving  resulting 
from  curtailment  in  time  of  construction.  It  is  probably 
due  to  tlie  well-deserved  profits  made  l)y  such  contractors  that 
ot  her  firms  without  the  necessary  capital  or  experience  are 
frecjueiitly  tempted  to  tender  for  work  which  tliey  are  not 
capable  of  carrying  out  with  satisfaction  to  the  engineer  or  his 
client,  or  with  profit  to  themselves. 

Tl  m List  not,  however,  be  assumed  that  I  am  favouring 
in  all  cases  tlie  employment'  of  the  large  contractors.  I  have 
liad  considerable  experience  with  contractors  in  quite  a  small 
way  of  ))usiness  who  carry  out  the  smaller  contracts  entrusted 
to  them  in  a  thoroughly  satisfactory  way,  especially  when  they 
have  laid  themselves  out  for  only  one  or  two  classes  of  work, 
when  t he  principal  can  y^ive  personal  pttciition  to  the  matter, 
and  when  they  resist  the  1  eniptaticii  to  embark  on  uiider- 
1  akiii^s  beyond  their  capacity.  Some  of  my  most  pleasant 
experiences  in  engineering  work  have  been  with  such  firms. 

I  do  not  know  any  more  unpleasant  position,- l)oth  for  con- 
tractor and  engineer,  than  when  it  is  evident  tliat  a  contract 
is  being  carried  out  at  a  loss.  In  such  cases  tlie  contractor, 
on  the  one  hand,  may  be  forced  to  carry  out  tlie  work  in  a 
slow  and  unsatisfactory  way,  and  the  engineer,  on  the  other 
hand,  feels  that  he  can  not  well  press  i  hv.  trout  ract  or  to  spend 
more  money  on  plant  and  stafT. 


T  have  very  shortly  mentioned  these  difficulties  with  coii- 
^  racts,  as  they  are  a  source  of  real  trouble,  but  I  think  I 
ouo-lit  at  the  same  time  to  acknowledge  the  great  Sielp  which 
engineers  obtain  fror!i  many  contractors.  I  consider  that  one 
uf'  the  most  pleasant  features  of  our  profession  in  this  country 
is  the  friendly  and  lielpful  feeling  which  generally  exists 
between  engineers  and  contractors.  This  is  only  to  be 
expected  wlien  we  know  that  many  contractors  and  a  large 
number  of  their  assistants  are  connected  with  this  institution. 

I  now  come  back  to  the  question  whether  engineers  as 
a  rule  are  too  optimistic  in  designing  their  work,  and  in  their 
estimates  of  cost  and  time.  On  full  consideration  of  the 
matter  I  ani  inclined  to  think  that  we  must  sometimes  plead 
guilty  to  this  charge,  although  the  optimistic  view  and  under- 
estimates of  cost  and  time  are  not  always  willingly  arrived  at. 
I  do  not  know  whether  】iiy  experience  on  this  point  is  tlie 
same  as  that  of  other  engineers. 

I  am  well  aware  that  even  in  works  where  all  the  details 
liave  been  worked  out  with  the  greatest  care,  where  unit  prices 
have  been  carefully  scrutinised,  where  the  different  stages 
of  the  work  liave.  been  well  thought  out,  where  all  possible 
local  information  has  been  obtained,  that  even  then  it  is  neces- 
sary to  provide  a  sum  of  money  over  and  above  the  detailed 
estimate  to  meet  any  contingencies  which  may  arise,  and  to 
make  some  addition  to  the  estimated  time  for  construction. 
In  some  cases,  when  adopting  this  course,  I  have  been  met 
with  the  statement,  particularly  when  dealing  with  some 
Government  or  municipal  authorities,  You  surely,  if  tlie 
design  has  been  properly  gone  into,  do  not  require  that  large 
sum  of  money  for  contingencies  ，，  ；  or,  "  Surely  vou  can  cut 
something  off  the  estimate  for  time  of  construction  "  One 
then  explains  the  reason  of  money  for  contingencies  and  the 
added  time  for  construction.  After  some  discussion  the 
client  says,  "  AVell,  what  it  comes  to  is  that  if  everything  goes 
well  the  contingency  money  might  be  materially  decreased  and 
the  time  for  construction  reduced,  and  1  would  prefer  that  we 
took  the  risk  of  cutting  both  down."  The  engineer  knows 
from  experience  that  such  a  course  is  not  wise,  and  that  if 
things  do  not  go  right  the  conversation  will  probably  be  for- 
gotten, but  very  reluctantly  finds  himself  forced,  in  some  cases, 
to  reduce  his  estimate  of  money  and  time. 

What  are  the  reasons  why  engineers  frequei.tly  find  that 
their  most  carefully  made  estimates  of  both  cost  and  time  are 
exceeded  ？  The  principal  reason  is,  I  think,  given  by  the 
hackneyed  but  true  plirase  which  we  often  hear,  that  engineer- 
ing is  not  an  exact  science.  We  are  continually  finding  out 
niore  about  the  forces  of  nature,  hut  as  long  as  the  world 
exists  we  shall  not  find  out  sufficient  to  enable  us  to  make 
exact  estimates  of  time  and  cost,  and  guarantee  works  against 
accidents. 

What,  shortly,  are  the  principal  matters  which  cause  us 
trouble  ？  The  first  one,  in  my  opinion,  is  the  small  know- 
ledge we  are  able  to  obtain  of  the  conditions  which  exist  below 
tlie  surface  of  the  earth  on  which  everything  has  to  be 
founded  ；  secondly,  the  risk  which  it  is  necessary  to  undertake 
as  regards  conditions  of  weather  while  works  are  being  carried 
out  ；  and,  thirdly,  the  varying  quality  of  many  of  the  materials 
we  have  to  deal  with.  There  is  a  fourth  matter,  which  affects 
contractors  more  than  engineers,  nan.ely,  the  difficulty  of 
estimating  the  cost  of  materials  and  rates  of  wages  for  a  long 
time  ahead.  This  last  also  substantially  affects  engineers' 
estimates  when  there  is  a  long  interval  between  the  time  when 
the  estimates  are  made  and  that  when  tenders  are  received. 

As  regards  tlie  first  of  these  matters,  we,  in  most  cases, 
try  to  obtain  all  the  information  possible  about  the  nature 
of  the  ground  we  have  to  deal  with  by  making  borings.  It 
is  coinnioiiplace  to  remark  that  the  information  obtained  from 
borings  is  not  always  reliable,  particularly  when  the  ground 
is  of  a  variable  character.  It  is  true  tliat  with  certain  classes 
of  l)oring  machinery,  particularly  when  in  rock,  we  can  obtain 
cores  which  give  information  of  great  value.  In  many  cases, 
however,  it  is  very  difficult  to  form  a  just  estimation  of  the 
ground  when  the  material  has  to  be  broken  up  by  tlie  ordinary 
drill  before  being  brought  to  the  surface.  After  all  iuf'or- 
itiat ion  lias  been  obtained  by  borings,  the  fact  remains  that 
all  we  have  is  a  rough  idea  of  the  nature  of  the  ground  at 
the  exact  spot  where  the  boring  has  been  made.  In  many 
cases,  if  one  goes  50ft.  north,  south,  east,  or  west,  very 
different  information  is  obtained.  I  am  sure  we  have  all  had 
experience  of  being  deceived  by  borings    I  know  of  a  recent 


NOVEMBEK  17,  191(5 


THE    MECHANICAL  RNGINERR. 


385 


case  whore  n  series  of  borings  was  ])u\  down  for  a  wharf  wall 
at  short  iiit  tM'vals  on  I  lie  line  of  t  he  wall,  hot  h  hack  and  t'roiil , 
aiul  what  was  coiusidoreil  to  ho  t  he  level  of  solid  clay  was 
ostablisluHl.  As  t lie  work  proceeded,  however,  it  was  fomul 
that  deep  pockets  of  iinul,  going  to  a  great  depth,  existed 
between  some  of  the  borings.  There  have  been  cases  of 
railway  cuttings  where  tlie  borings  made  to  disclose  the  level 
of  the  rock,  unfortunately,  went  into  pockets  of  soft  inud,  and 
1  have  known  one  case  of  that  kind  where  the  cost  of  a  very 
large  cutting  eventually  came  to  more  tliaii  double  the  esti- 
mated cost.  My  partner,  Sir  William  Matt  hews,  when 
recently  referring  at  this  institution  to  borings  put  down  with 
the  greatest  care  for  the  outer  barrier,  llodbarrow,  said,  "  If 
the  engineers  had  purposely  placed  the  borings  so  as  to 
deceive  t  he  contractors  with  regard  to  the  level  of  the  clay 
bed,  he  did  not  tliiiik  they  could  have  placed  thein  in  better 


Such  cases  could  be  multiplied  at  will,  and  it  is  quite 
obvious  that  borings  cannot  be  made  at  such  close  intervals 
as  will  disclose,  as  far  as  borings  can,  the  nature  of  all  the 
ground  that  has  to  be  dealt  with. 

Then  there  is  the  important  point  that  even  if  by  borings 
the  nature  of  the  ground  be  disclosed,  we  obtain  very  little 
information  as  regards  the  quantity  of  water  which  may  be 
met  with,  the  dealing  with  which  may  be  a.  very  important 
item,  both  in  the  cost  and  time  of  the  undertaking.  1 
was  recently  pressed  very  hard  by  a  client  to  state  from 
borings  whether  it  were  possible  to  construct  a  graving  dock 
on  a  certain  site.  I  knew  from  the  borings  that  water  was  found 
all  over  the  site,  and  although  the  levels  and  character  of 
the  water  did  not  help  me  much,  it  seemed  more  than  possible 
that  there  might  be  direct  connection  with  a  large  adjacent 
expanse  of  water.  I  had  to  say  that  I  was  unable  to  answer 
the  question,  and  that  the  only  way  I  could  suggest  to  obtain  an 
answer  was  to  sink  a  shaft  for  50ft.  down  from  the  surface 
of  the  ground  and  find  what  pumping  power  was  necessary, 
taking  also  careful  notes  of  the  material  found  as  the  shaft 
was  sunk  and  the  effect,  if  any,  of  the  pumping  on  the  adjacent 
ground.  My  last  information  was  that  a  very  large  number 
of  pumps  had  been  employed,  that  the  shaft  had  been  got 
down  about  25ft. ，  and  that  it  was  not  proposed  to  continue 
the  experiment. 

Another  matter  which  it  is  very  difficult  to  detenniue  by 
borings  is  what  effect  the  pressure  of  the  ground  may  have 
oil  the  works  which  it  is  proposed  to  construct  or  what  safe 
foundation  pressures  can  be  adopted.  We  have  recently  had 
an  important  discussion  in  this  Institution  on  earth  pressure, 
and  suggestions  were  made,  after  some  experiments  had  been 
carried  out,  that  the  old  formulae  for  earth  pressure  might 
with  advantage  be  revised.  The  experiments  referred  to 
were  not  on  a  large  enough  scale  to  enable  any  definite  con- 
clusion to  be  arrived  at,  but  discussion  showed  that  there  were 
different  views  on  the  best  metliod  of  calculating  the  pressure 
of  a  soft  material  of  a  more  or  less  uiiifonn  character.  When 
there  are  real  differences  of  opinion  on  theory,  and  when  there 
may  be  considerable  local  variation  in  the  character  of  the 
material  to  be  dealt  witli,  it  is  easy  to  imagine  the  difficulty 
ot  accurate  appreciation  of  the  strength  required  for  under- 
ground works,  when  the  only  data  afforded  hy  borings  arrive 
in  a  crushed-up  state  through  a  comparatively  small  tube 
Long  experience  in  such  cases  is  the  principal  base  to  work 
from,  but  even  then  considerable  latitude  is  left  to  the  personal 
factor  or  even  to  the  imagination  of  the  engineer. 

There  have  been  cases  where  boringsliave  been  very  carelessly 
a) id  inaccurately  made  and  wrongly  described,  and  there  is 
nothing  which  brings  more  trouble  in  its  train.  I  have  in  miiul 
borings  for  a  very  important  work,  made  by  the  client  and 
supplied  to  the  engineer,  where  the  information  supposed  to 
come  from  the  borings  proved  to  be  partly  of  an  imaginative 
cliaracLer.  Fortunately  such  cases  are  of  rare  occurrence,  as 
eugiiieeis  generally  have  borings  made  under  their  own  coii- 
i  rol,  and  recognise  the  necessity  of  liaviiig  a  thoroughly  reli- 
able assistant  continually  in  charge  of  the  work. 

In  some  cases  there  are  such  great  difficulties  in  putting 
down  borings  that  hope  of  information  from  this  course  imist 
be  abandoned.  We  can  sometimes  get  help  by  putting  them 
d own  outside  tlie  site,  and  geologists,  wlio  have  studied  the 
district,  can  give  great  assistance.  We  cannot,  however,  he 
cei'tuin.  It  was  mentioned  in  the  paper  read  here  on  the 
Assouan  Dam  that  it  was  not  possible  to  obtain  borings  where 


llic  liiu;  Mi«  (lum  crossed  t'lic  t li rva  suiiirnor  cluiiinelH  of 
1  lie  Nile,  on  t  lie  inlge  of  1  he  First  Cni  a raci ,  owin;^  to  t  lie  i  uhIi 
of  water.  II  was  asHiuiied  i  hai  in  I'lie  hcd  of  t  liese  ("mim('ln， 
wlii h  wore  very  tleej),  all  t  lie  soft  j^ranitc  liad  l>('(m  oroded 
unci  t  hat  t  he  river  was  (lowing  on  solid  rook.  Tliis  view 
Hcemed  reasoiial)le,  particularly  when  it  was  known  t  hat  t  lie 
sides  of  t  he  (； haii iiels,  as  Far  as  t  li(、y  could  l)e  exfuniiied,  were 
good  ^l  auile.  When  tlie  (； haiiiiels  were  closed  oil'  one  by  one,  by 
temporary  clams,  it  was,  however,  found  that  tliere  were  very 
great  depths  of  decomposed  granite  at  the  bottom  of  tlie 
channels.  The  cost  of  the  additional  excavation  find 
masonry  was  very  great,  but  fortunately,  owing  to  an  excep- 
tionally low  and  late  Nile  flood,  the  time  of  completion  of  the 
work  was  not  delayed. 

Another  case  I  might  mention  where  l)oriiigs  were  not 
possible  was  that  portion  of"  the  Rotlierliithe  Tuiuiel  under  ilie 
River  Thames.  The  line  of  tumiol  passed  in  front  of  the 
entrance  to  the  London  Docks  on  one  side  and  the  Sui  rey 
Commercial  Docks  on  the  other  side  of  the  i*ivei、  and  owing 
to  the  shipping  entering  and  leaving  the  docks  it  was  not 
possible  to  make  borings.  The  only  information  as  regards 
strata  in  the  river  length  given  to  those  tendering  for  the  work 
was  that  obtained  by  dredging  some  comparatively  shallow 
holes  in  the  river  bed  near  the  line  of  the  work.  There  is 
considerable  variation  in  the  bed  of  the  Thames,  even  in  com- 
paratively short  distances,  and  the  contractor,  as  a  prelimi- 
nary operation,  very  wisely  drove  a  small  pilot  tunnel  near 
the  top  of  the  large  tunnel  riglit  across  the  river  so  as  to 
obtain  information,  and  incidentally  it  was  also  useful  tor 
other  purposes. 

Ill  both  cases,  which  are  not  isolated  instances,  and  are 
only  mentioned  as  they  come  within  my  own  knowledge,  the 
estimates  of  cost  and  time  had  to  be  made  on  imperfect  iii  for- 
mation, but  the  best  which  could  be  obtained. 

I  might,  dilate  at  much  greater  length  over  the  pitfalls 
open  to  engineers  in  connection  with  the  want  of  knowledge 
of  what  is  below  the  surface  of  the  earth.  I  might,  for 
instance,  take  up  some  of  your  time  in  considering  mining  or 
oil  enterprises.  The  details  of  such  works  are,  however, 
beyond  niy  personal  knowledge,  but  those  who  are  connected 
with  them  know  well  how  often  disappointments  occur.  I 
have,  however,  probably  dealt  sufficiently  with  this  point  to 
show  how  far  removed  from  an  exact  science  are  those  works 
which  have,  in  whole  or  in  part,  to  be  carried  out  l)elow 
ground  level. 

Tliere  are  other  causes  which  j)rt  vent  engineers  from 
obtaining  exact  results,  and  the  war  of  the  elements  is  very 
real  to  them.  Many  an  engineer  who  has  been  carrying  out 
harbour  works  stands  helpless  and  dismayed  on  his  works 
when  an  exceptionally  heavy  storm  comes  at  a  specially 
critical  stage  of  construction,  and  when  the  ^vol■k  of  mouths 
may  have  vanished  in  a  few  hours.  It  is  no  consolation  to  him 
to  know  that  the  contractor  standing  beside  him  may  have 
to  bear  the  money  loss  occasioned  by  such  damage,  and  it  inay 
be  less  consolation  if  lie  knows  that  on  returning  from  their 
gloomy  inspection  he  and  the  contractor  will  be  closely 
examining  in  difTerent  offices  the  liability  clauses  of  the  con- 
tract to  make  sure  of  their  exact  meaning. 

Such  a  picture,  to  a  greater  or  less  degree,  is  not  uiiconi- 
moil  oil  works  of  this  class,  as  it  is  quite  evident  one  cannot 
anticipate  their  construction  without  the  occurrence  of  heavy 
gales,  and  cannot  expect  unfinished  work  to  be  in  a  conclition 
to  meet  such  storms  without  daniage.  It  is  luiiiecessary  to 
refer  to  damage  of  the  same  cause  to  flcatiiig  plant,  the  loss 
of  which  is  generally  a  very  serious  matter. 

II  is  not,  however,  only  unfinished  works  which  suller.  We 
can  probably  all  bring  to  mind  finished  works  of  the  same 
class  which  have  stood  for  years  and  have  eventually  been 
overcome  by  storms  of  exceptional  fury.  In  some  cases 
failures  of  sucli  completed  works  are  not  due  to  any  initial 
mistake  in  design,  but  are  owing  to  the  fad.  that  the  inevi- 
table ravages  of  storms  for  many  years  have  not  been  dealt 
with  as  they  occur,  and  that  in  fact  maintenance  works  have 
been  conspicuous  by  their  absence. 

Of  course,  harbour  works  are  not  the  only  ones  which 
have  to  lament  the  occurrence  of  exce])tional  storms  during 
construction.  They  often  cause  considerable  damage  to  in- 
completed steel  work,  such  as  bricl*j;es  and  roofs,  and  in  fact 
they  take  their  toll  from  time  to  time  from  all  works. 

The  effect  of  heavy  and  coutinuouy  rain  has  been  brought 
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before  us  not  so  long  ago  by  the  great  damage  done  in  Paris 
and  other  places  along  the  Seine.  Nearer  home,  there  are 
very  few  vears  when  engineers  and  others  have  not  to  lament 
destruction  by  floods  on  a  smaller  scale  in  the  Thames  Valley 
and  of  her  places,  a  subject  which  was  referred  to  by  Mr.  Ross 
in  his  address  last  vear.  It  is  in  tropical  countries,  however, 
that  tlie  greatest  havoc  is  caused  by  rain.  I  have  recently 
come  across  great  damage  to  railways  in  the  tropics  and 
extraordinary  and  destructive  floodings  in  the  iieiglibourliood 
of  Colombo. 

Even  in  countries  like  Upper  Egypt,  which  are  supposed 
to  be,  and  practically  are  rainless,  I  have  seen  very  long  lengths 
of  railway  banks  completely  washed  away  by  one  of  those 
rainstorms,  which  are  very  tew  and  far  between. 

Ill  some  countries  where  exceptional  cold  is  experienced, 
the  after  effects  of  continuous  frosts  have  to  be  fully  allowed 
for  in  engineering  works,  both  in  estimates  in  cost  and  time. 
When  I  was  engaged  on  the  construction  of  a  dock  in  Canada, 
many  years  ago,  great  efforts  were  made  in  the  early  winter 
to  get  the  dock  walls  up  to  such  a  level  as  would  prevent  them 
being  covered  by  the  material  from  the  slopes  at  the  back 
of  the  walls,  which  was  sure  to  come  away  in  the  spring. 
Although  it  was  thought  we  had  been  successful  in  raising 
the  walls  to  the  necessary  height,  it  was  not  until  June  in  the 
following  summer  that  we  succeeded  in  clearing  away  all  the 
material  which  covered  them.  Extremes  of  temperature 
also  often  caused  considerable  difficulty  as  regards  expansion 
and  contraction  in  engineering  works,  and  I  have  on  more 
than  one  occasion  experienced  some  unpleasant  results  there- 
from. * 

There  are  other  matters  affecting  not  only  the  estimates 
of  cost  and  time,  but  also  the  utility  of  engiueeriug  works, 
which  are  due  to  the  impossibility  of  being  able  to  arrive  at 
exact  conclusions  on  many  points  which  arise.  In  the  case, 
for  instance,  of  a  harbour  constructed  on  an  open  coast,  where 
it  is  often  necessary  to  enclose  a  large  area  of  the  sea,  there 
are  many  questions  the  solution  of  which  can  only  be  dealt 
with  as  the  work  proceeds.  It  may  be  quite  possible  defi- 
nitely to  design  the  character  of  the  works  enclosing  the  har- 
bour to  calculate  roughly  the  velocity  of  the  tidal 
water  entering  or  leaving  the  harbour  through  an  open- 
ing or  openings  of  certain  widths  ；  but  in  many  cases  it  is 
extremely  difficult  to  judge  what  currents  will  be  set  up 
outside  the  harbour  by  the  intrusion  into  the  sea  of  such 
works,  or  the  amount  of  deposit  which  may  be  expected  in  the 
harbour.  A  careful  survey  of  the  coast  and  sea  bed  for  a 
considerable  distance  on  each  side  of  the  proposed  works,  a 
study  of  all  existing  currents  and  tidal  effects  in  the  locality, 
the  collection  of  information  from  pilots  and  others  who  are 
accustomed  to  the  navigation  of  the  coast,  the  investigation 
of  what  has  happened  in  any  adjacent  harbour,  or  one  situated 
in  a  similar  position  are  all  of  great  help.  After  all  this  has 
been  done，  there  are,  however,  very  few  engineers  who,  when 
there  is  a  considerable  range  of  tide,  would  care  to  state  the 
character  or  velocity  of  new  currents  which  may  be  formed 
near  the  entrances,  or  the  amount  of  deposit  which  may  take 
place  in  the  harbour. 

Naturally,  it  is  advisable  to  keep  openings  as  small  as 
possible  consistent  with  safe  and  easy  navigation,  so  as  to 
reduce  wave  disturbance  in  the  liarbour,  and  an  engineer, 
therefore,  will  probably  not  fix  the  width  of  openings,  nor 
the  exact  position  of  the  entrance  works  until  information 
about  currents  has  developed  as  the  v/ork  proceeds. 

Again,  in  harbour  works  on  some  coasts  where  sandbanks 
vary  from  time  to  time,  few  engineers  find  that  works  can  be 
carried  out  exactly  as  originally  designed.  It  is  nearly 
always  found  that  as  the  works  proceed  very  considerable 
variations  occur  in  the  positions  of  shoals  and  channels,  which 
necessitate  modification  in  design. 

There  is,  again,  the  perennial  question  of  the  actual  stresses 
occurring  in  masonry  darns.  Some  time  ago  this  question 
was  fully  debated  before  the  Institution,  and  many  experi- 
ments ill  connection  therewith  on  many  materials,  except 
masonry  and  concrete,  have  been  made.  We  still,  however, 
know  verv  little  more  than  that  certain  dams  designed  on 
certain  definite  lines  liave  ])eeii  successful  and  t  hat  others  have 
failed. 

We  may  a^ain,  consider  the  question  ol'  the  iinprovdiiienl 
of  rivers,  and  the  inahy  intricate  questions  which  arise  in 


connection  therewith.  As  one  of  the  members  of  this  Insti- 
tution has  very  wisely  stated,  it  is  necessary  for  one  to  live 
for  years  with  a  river  before  all  its  idiosyncrasies  can  be 
mastered.  It  is,  no  doubt,  comparatively  easy  to  come  to  a 
conclusion  on  some  matters  which  may  obviously  require  to 
be  dealt  with,  but  dealing  with  an  important  river  as  a  whole 
on  a  large  scale  probably  requires  more  experience,  study, 
and  careful  survey  of  all  the  natural  features  than  any  other 
work  which  an  engineer  has  to  deal  with. 

{To  be  continued.) 


CONDENSING  APPARATUS, 

The  accompanying  illustration  shows  diagramatically  an 
arrangement  of  steam  condensing  plant,  the  invention  of 
Messrs.  Hick,  Hargreaves,  &  Co.,  Ltd.,  Solio  Ironworks, 
Bolton,  and  Mr.  James  Gunn,  of  the  type  in  which  the 
condenser  is  provided  with  a  common  outlet  for  the  water  of 
condensation  and  the  air  and  vapour,  and  from  which  common 
outlet  the  air  and' vapour  are  withdrawn  by  an  ejector  or  its 
equivalent,  and  the  water  of  condensation  is  withdrawn 
separately  by  a  water  pump,  the  main  object  of  the  arrange- 
ment being  to  provide  improved  means  for  ensuring  a  sufficient 
supply  of  cooled  water  of  condensation  for  condensing  the 
vapour  and  cooling  the  air.  In  the  arrangement  illustrated  a 
water  cooling  device  J  is  attached  to  the  inner  side  of  the 
inspection  door  H  of  the  condenser  so  as  to  lie  in  the  water 
chamber  of  the  latter,  at  or  near  the  inlet  B  of  the  circulating 
water,  and  one  end  thereof  is  connected  with  the  delivery  side 
G  of  a  water  extraction  pump  C  by  means  of  a  pipe  N，  and 
its  other  end  by  means  of  a  pipe  O  with  a  spraying  device  D 


Condensing  ArPABATus. 


which  is  fixed  in  the  upper  end  of  an  upwardly  ascending 
suction  pipe  E  through  which  the  air  and  vapour  pass  to  the 
])riniary  steam  or  water  ejector  F.  By  this  arrangement  the 
injection  water  is  caused  to  be  cooled  prior  to  its  being  fed  to 
the  spraying  device,  as  well  as  the  ascending  current  of  air 
and  vapour  passing  through  the  pipe  E，  and  a  large  with- 
drawal of  air  is  secured  by  means  of  a  primary  ejector  F，  the 
injection  water  from  the  spraying  device  being  thus  supplied 
as  a  column  of  cold  water  which  flows  back  to  the  suction  side 
of  the  water  extraction  pump  C  in  the  opposite  direction  to 
the  ascending  flow  of  vapour  and  air.  The  cooling  device  J 
is  of  tubular  form,  the  tube  being  coiled  or  otherwise  arranged, 
and  by  attaching  it  to  the  inspection  door  TI  provided  on  the 
end  cover  K  of  the  condenser  in  such  a  manner  as  to  project 
into  the  water  space  the  maximum  effect  of  cooling  from  the 
inflowing  column  of  water  to  the  condenser  is  obtained,  wiiile 
at  the  same  time  it  is  accessible  for  rapid  inspection  and 
cleaning.  It  will  be  seen  from  the  illustration  that  the  water 
of  condensation  together  with  tlie  vapour  and  air  is  drawn 
from  the  condenser  through  the  same  common  opening  or 
disci  large  branch  L,  and  tliat  the  branch  E  is  provided  thereon 
leading  uj)wardly  to  the  primary  ejector  F  actuated  by  water 
or  steam  for  the  withdrawal  of  vapour  and  air  and  a  ])ipe 
c'oiuieciion  IVl  leading  to  the  pump  C  for  the  withdrawal  of 
the  water  of  condensation. 
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EFFICIENCY  OF  PROPULSIVE  MACHINERY  AND  LATE 
DEVELOPMENTS  IN  NAVAL  ENGINEERING.* 

KV   I.llOU  r.-(  ()MMANM)KU  II.         DINC.K K,  U.S.N. 

f \  January.  1912,  Ciipt.  0.  W.  Dyson  im's('nt't、（l  u  piipt'i,  l"、f()iv 
I  he  KnuiiuHTs'  (Muh  of  Philadclphiii,  tMititlcd  "  Propulsive 
Mii('liim、iy  and  Oil  Fuel  in  the  U.S.  Navy,"  which  was  followed 
later  in  the  same  year  with  a  paper  entitled  "  Engineering  Pro- 
gress in  tlir  U.S.  Navy/'  mid  by  the  then  En*i;iiioci'-in-Clii('f, 
Rear-Adiuinil  H.  1.  Com\  before  the  Amrrican  Society  of  Naval 
Architects  and  Marine  Engineers  at  their  unmial  meeting  in  New 
York  City.  The  first  of  these  papers  contained  a  comparison  of 
the  performances  of  the  reciprocatin^i'-oiiniiiccl  vossol  "  Delaware  ，， 
uiul  the  Curtis  turbinc-cnigincd  vessel  "  North  Dakota,"'  while  the 
smmd  paper  contained  a  comparison  of  tlie  performance  of  the 
"Delaware"  and  the  Parsons  turbinc-ongined  vessel  "  Utah." 
In  both  of  these  comparisons  the  decided  superiority  in  economy 
of  the  reciprocating  engine  over  the  turbine  for  battle-ship  pro- 
piilsion  was  fully  demonstrated. 

That  this  a})paieiit  superiority  was  due  to  faulty  practice  in 
the  deyi»in  of  propellers  in  the  case  of  the  Parsons  turbine,  and  to 
both  turbiiios  and  propellers  in  the  case  of  the  Curtis  turbine, 
has  been  dcnioiistrated  by  the  trials  of  later  vessels,  in  which  the 


on  lour  shaffs.  The  "  New  York  ，，  and  "  T(^xas  "  un;  nUku  and 
liiivc  r(>('ipm('a<ting  eiij^iiu^H  on  two  .sliulls.  Tli<'  "  <>l<l;ilm"m  ，， 
iin(l  "  N(»va,(la  '，  ar"  ulso  sister  ships,  \  lie  first  having  rcciprocafjii^^ 
while  tlic  other  lius  ('mtis  f  urbini'S  with  cruising  t  iirliiiicK 
iiiul  reduction  ； ^vjir.  Both  vessels  have  two  shafts.  Tlie,  liitcHt 
vessel,  the  "  IViuisylvjuiia,"  is  ulwo  Httcd  with  Curl  is  iurbiiKiH 
and  with  cruising'  turbines  and  icduct ion  ^car,  hut  tlx-  power  is 
(lividod  among  four  .shafts. 

In  tracing  the  advance  in  economy  in  turbine  |>ro])ulsion, 
tliat  vessel  of  each  jmir  of  .siyter  ships  .showing  the-  better  trial 
performance  will  be  considered  in  order  to  eliniinatc  iavouritisiu 
of  one  typo  over  the  other,  and  with  this  obj (！ ct  in  view  tlic  follow- 
ing vessels  will  be  used  in  the  ai'guim'nt :  (1)  Rcciprocutin^ 
cngiiied  vessels  "  Delaware,"  "  Now  York,"  "  Okliihoiiia." 
(2)  Parsons-turbinc-engincd  vessels  "  Utah,"  "  Arkansas/'  (3) 
Curtis-turl)in(vc'ni>iiK*d  vessels  "  North  Dakota,"  "  Nevada/" 
" Poiinsylvaiiia/' 

In  order  to  furnish  a  proper  understanding  of  the  conditions 
of  operation  of  the  machinery,  the  characteristics  of  the  vessels' 
hulls,  their  machinery,  and  their  propellers  must  be  at  hand  for 
reference,  and  those  characteristics  are  given  in  Tables  I.  to  III. 
The  following  is  a  detailed  description  of  the  turbines  of  the 
" Nevada  ，，  and  "  Pennsylvania  " : ― 

U.S.S.  "  Nevada  "  Turbitfe  Data, 一 Tho  high-pressure  turbine 
has  five  wheels  and  two  drums,  the  5tli-stage  wheel  being  secured 


Table  I. ― Hull  Characteristics  of  Vesseh. 


Delaware. 

North 
Dakota. 

Utah. 

Arkansas. 

New  York. 

Oklahoma. 

Nevada. 

Pennsyl- 
vania. 

Draught  on  trial   

Displacenu'iit  on  trial,  tons   

Coefficient  of  fineness,  mid-section . . 

O  GO 个 1 

3  S  g  ，i  o  c> 

575  ft.  Oin. 

05ft.  2|m. 

28ft.  Oin. 
27,500 
().()170 
0.9840 

！二  ； 

, , • 寸' •。  ；r5 

turbine  "revolutions  have  been  very  considerably  reduced  ；  and 
in  the  cases  of  Curtis  turbines  the  turbine  design  has  been 
radically  changed  in  quite  a  number  of  particulars.  In  the  cases 
of  the  latest  two  tui'bine-eni>ined  vessels,  the  economy  has  been 
still  furtlicr  improved  by  fitting  cruising  turbines  driving  the 
main  shafting  through  mechanical  reduction  gear. 

Table  II. —— Mavli  hieri/  (nidn^^terixtics  of  lieciprocdfiny- 
en  (J in  td  Vessels. 


''Delaware." 

"Now  Yoik." 

Oklahoma." 

Engines ~ - 

Type   

Vertical,  inverted,  4-cylindf?r,  triple-expansion 

2 

2 

2 

Cylinder  diameter,  in. ― 

High  pressure    ... . 

39 

34.98 

Medium  pressure  . . 

57 

03 

5<J.() 

(•2)  7() 

(2)  83 

(2)  78-0 

4S 

48 

48 

Clearances      {total  per 

cent. ) 

Top  Bottom 

Top  Bottom 

Top  Bottom 

High-prussure  cylinder 

(H.P  )  

15.57  10.77 

14-20  13-04 

"••2'2G  <J-586 

Medmm-pressure 

cylinder  (M.P.)  

y.284  12-499 

Low-])rcssure  cylinder 



11.91    13. 04 

13-75  10-30 

8.9UU  12-400 

Ratio ~ - 

H.P.  ：  M.P  

2.22 

2 -01 

2.8it(l 

3-58 

3.47 

3-5()8 

H.P.  ：  L.P  

7-9-' 

(J.  0(5 

10-l:iO 

Valves ― 

'iypt^   

Piston  with  short,  straight  ports. 

1  H.P"  2  M.P., 

1  H.P.,  2  M.P" 

1  H.P.,  2  M.P., 

4  L.P. 

4  L.P. 

4  L.P. 

Since  the  trials  of  the  "  Dolawaie,"  "  North  Dakota,"  "  Utah," 
and  her  .sister  ship  "  Florida,"  the  following  vessels  have  been 
completed  and  tried  and  commissioned  :  "  Arkansas,"  "  Wyom- 
ing," " New  York/'  "  Texas,"  "  Oklahoma,"  "Nevada,"  and 
" JVnnsylvania."  Of  these  vessels  the  "  Arkansas "  and 
" Wyoming  ，，  arc  sister  ships,  and  arc  fitted  with  Parsons  turbines 


to  the  forward  drum,  the  steam  being  divided  after  leaving  the 
wheel  stages.  The  wheels  are  separated  from  each  other  by 
dia))hragin8  containing  the  steam  nozzles.  There  is  one  stage  on 
each  wheel  with  two  rows  of  buckets  each,  except  the  Ist-stage 
wheel  which  has  four  rows,  all  having  a  pitch  diameter  of  132in. 
The  forward  drum,  Gth  to  14th  stages,  inclusive,  has  nine  rows 
of  buckets  with  a  pitch  diameter  of  llDin.,  and  the  after  drum, 

Table  III. — Machi fieri/  Characteristics  of  Turbine- 
en  gin  ed  V  ess  els. 


Type  of  turbines 


Number  of  shafts  

Rotor  diaiuotrrs,  inches*— 

High- pressure   

Low-pressure  

High-pivssure  cruising . 

Intermediiite-in'essure 
cruising   

Low-pressure  cruising  . 

High-pressure  astern  . 

Nuiub;jr  of  stages ― 
High-pressure 


'Arkansas,' 
Utah'  and 
Florida 


Parsons 
reaction. 


71 
97 
71 


70 
71 


Low-piL'ti8iae  

Revolutions  por  minute 
Steam  pressure,  pounds 
square  inch  


. . (i  (91  rows] 

i  (39  rows: 
320 


1> 叫 


200 


"North 
Dakota. " 


Curtis, 
wheel 
stages  only. 
2 

144 


細 
250 


*  Nevada." 


" Penn- 
sylvania." 


C'Urtis,    i  Curtis, 
wheels  and  iwhucls  and 
drums.  drums. 
2 


132-138t 
120 
38-41 


132-120 
138 
30 


30 

137  -55 

84-108 

4  wheel 

5  wheel 

stages 

25  drum 

39  rows  on 

drums. 

38 

55  rows  on 

drums. 

210 

250 

250 

•Pai)or  presented  at  a  mooting  of  the  rhiladolphia  section  of  the  American 
Society  of  Mechanical  Engineers,  May  23i:d，  1916. 


*  All  pitch  diameters  except  in  second  column. 
15tli  to  30th  stao;('s  inclusive,  has  16  rows  of  buckets  with  a  pitch 
diameter  of  118!jin.  The  low-pressure  turbine  has  one  druiu  of 
38  stages  and  38  rows  of  buckets  for  ahead  conditions,  and  one 
wheel  and  one  drum  for  backing.  The  backing  wheel,  one  stage, 
has  four  r(>\v.s  of  buckets  with  a  pitch  diameter  of  137'55in.,  and 
the  drum,  nine  stagos,  has  11  rows  of  buckets  with  a  pitch  dia- 
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meter  of  120in.  The  backing  wheel  and  dnuu  are  separated  by 
a  diaphragm  containing  stoaiu  nozzles. 

" Pcnnsiilvania  ••  Turhwe  i>〃".一The  hi^h-prossure  ahead 
turbine  has  three  wliools  and  two  drums,  tho  3rd-stage  wlioel 
beiiifj  secured  to  the  forward  druin.  Tho  wheels  arc  separated 
{rum  each  other  by  di.'iphmums  containing  the  steam  nozzles. 
Thm>  is  one  stai;(、  on  each  wh*»e',  with  tliroo  rows  of  buckets 
(I3'2in.  P.D.),  except  the  l<t-stage  wheel  which  has  four  rows  of 
buckets.  The  forward  drum  has  18  rows  of  buckets  and  the 
after  drum  21  rows  of  buckets  (both  120in.  P.D.).  The  low- 
pressure  ahead  and  astern  turbine  has  two  drums.  The  forward 
drum  has  12  rows  of  buckets  for  ahead  conditions  (138in.  P.D.), 


Scale  ot  E  h  p  ( Tow  Pot>e  Morsepcwsr; 
Kit;.       Comparative  rKUFoiiMANt'Es  of  Naval  Vessels. 

and  tilt*  after  drum  13  rows  of  buda'ts  for  astern  condition's  (120iii 
丄). I).).  The  high- |)ms 纖' e  astern  turbine  has  three  wheels  ami 
one  (li'um  :  each  wheel  has  three  rows  of  buckets  except  the  first 
stage,  which  has  five  rows  (108in.  P.D.).  The  drum  has  17  rows 
of  buckets  (81  in.  P.D.).  The  hig]i-])rcssurc  cruising  turbine  has 
four  wheels,  two  rows  of  buckets  on  each,  except  the  first  has  three 
(•30in.  P.D.).  The  low-pressure  cruising  turbine  has  six  wheels, 
two  rows  of  buckets  on  each  (30in.  P.I).). 

The  cruisinff  turbines  for  the  "  Nevada  "  were  designed  to  give 
requisite  power  to  pass  steam  through  them  up  to  a  sj)eed  of  15 
knots.  Those  for  the  "  Pennsylvania  ，'  were  designed  to  pass 
steam  throiitili  tluiin  up  to  a  sp(，ed  of  12  knots.  They  wore,  how- 
ever, used  up  to  J 5  knots  by  jimking  use  of  special  by-passes.  In 
both  vessels  the  cruising  turbines  may  be  used  at  higher  speeds 
than  those  originally  desi^rncd  l>y  k('(*j)in*i  tlic  cruising  turbines 
in  operation  and  at  the  same  time  admitting  sonio  live  .stoaiii  ijito 
til''  main  liij^h-pmssiire  turhiuos. 

( I'ftnsoti  oj  Econonnail  Prr/o niKd urs .  —  1  he  ^'urvcs  in  Fi<;s. 
1  and  '1  have  hfcn  j)lott(>d  in  <ml<'r  tu  establish  a  deHiiito  basis  cf 
c()iiij>i]risoiJ  of  tlui  ('cononiical  pcrlornicUic'cs  of  tlu'  different 
vessels,  iind  it  is  f"'lii'v(>(l  thai  t lie  coinparison  tliu.s  made  is  very 
easily  ('umpivli(m(l('(l.  The  curves  arc  plotUxl  from  the  trial-tri]) 
(lata  of  tho  various  vessels,  which  arc  believed  to  be  reliable,  but 
which  cannot  he  taken  with  tin*  】'<'fi'i"m<>nt,  of  a  laboratory 
experiment. 

donstrfidioit  oj  (Jim  <、. ―  Kig.  I ,  lower  part,  gives  the  cli'octivc 
hor.s(!-pf)\v('r  uml  revolution  ciirvo  for  each  of  the  several  vessels. 
Fig,  1，  upper  ])art,  gives  the  cll'cctivc  liorsc-puwcr  and  indicated 


or  shaft  horse-power  curves  for  each  of  the  several  vessels.  As 
pk)tt(、d  they  are  really  curves  of  relative  propeller  efficiency,  and 
the  closer  the  curve  comes  to  the  horizontal  the  gmitci'  the  pro- 
\nA\vv  e fficioncy.  Tlie  curves  indicate  graphically  the  acneral 
improvcincDt  in  propeller  fU>sign  made  in  succeeding  vessels.  It 
wil!  he  s(>('n  that  curves  of  the  two  latest  vessels,  the  "  Oklahoma  " 
and  "  IVnnsylvania/'  run  fairly  close  together  up  to  an  effective 
liors(*-p()wer  of  12,000,  though  one  is  a  turbined  vessel  running 
at  181  rovs.  |)er  min.  and  the  other  a  reciprocating-engincd  vcsser 
running  at  118  revs,  per  min.  ；  but  above  this  point  the  recipro- 
cating engine  propellers  are  decidedly  superior. 

Fig.  2  gives  the  effective  horse-power  and  B.T.U.  utilised,  ob- 
tained by  plotting  the  value  of  W  H  +  (E.H.R)  where  W  total 
water  consumption  por  hour  at  point  where  the  effective  horse- 
j)o\v(T  (E.H.P.)  mentioned  is  used,  and  H  =  total  heat  of  lib.  of 
steam  at  boiler  less  feed  temperature.  These  curves  therefori* 
give  a  comparison  of  combined  engine  and  propeller  efficiency, 
eliminating  the  boilers.  Similar  curves  might  be  plotted  showing 
the  engine  efficiency  only.  But  as  the  type  of  machinery  affects 
the  】）ropellei*  efficiency,  it  is  a  better  comparison  to  have  the  com- 
bined efficiency  of  engines  and  propellers. 

In  plotting  these  curves  where  saturated  steam  is  used  the 
isteain  is  assumed  to  be  dry.  Where  superheated  steam  is  used 
the  temperature  of  steam  recorded  is  employed.  It  is  believed 
that  the  curves  are  truly  comparable  graphs  of  the  economical 
efficiency  of  the  machinery  of  the  different  vessels,  and  are  unique 
in  this  particular,  since  they  take  into  account  propulsive  work 
])orfornied  per  heat  unit  supplied  in  the  steam  to  the  engine. 
They  also  take  into  account  water  for  all  purposes,  except  for  the 
" North  Dakota  "  the  water  for  dynamos  is  excluded.  Any  other 
yossels  for  which  the  water  consumption^  steam  pressure,  feed 
temperature,  shaft  horse-power,  and  effective  horse-power  are 
known,  can  be  compared  in  the  same  way  and  the  relative 
efficiency  of  the  machinery  shown. 

The  disclosures  from  the  curves  of  the  B.T.U.  per  effective 
lioise-power  are  extremely  interesting.  The  "  New  York  "  here 
shows  the  best  performance,  and  this  represents  the  combination 
of  officicnt  i)ropellers,  good  reciprocating  engines,  and  the  use 
of  a  moderate  degree  of  su])erhf'at.  In  comparing  the  "  Dela- 
ware," "New  York,"  and  Oklahoma,"  we  find  their  propeller 
efficiencies  stand  in  the  following  order  :  (1)  "  Oklahoma/' 
(2)  "  New  York,"  (3)  "  Delaware/'  The  order  of  their  economical 
efficiencies  is:  (1)  "  New  York,"  (2)  "  Delaware,"  (3)  "  Okla- 
homa." Both  the  "  New  York  "  and  "  Delaware  "  have  super- 
heat ； the  "  Oklahoma  ，，  has  none.    The  relative  standing  of  the 
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Fig.  '2.~CnMl'AUATIVE  PERFORMANCES  OF  NAVAL  VKSSKLS. 

" New  York  ''  and  " 】）daw;ii,c  "  is  largely  accounted  for  by  the 
diftViviiccj  ill  prupoUer  efficiency.  The  "  Oklahoma  "  has  better 
])roj)eller  efficiency  and  fully  as  good,  if  not  better,  engines,  hence 
one  is  easily  led  to  the  conclusion  that  the  falling  oft  in  the 
economical  efficiency  of  the  "  Oklahoma  "  is  due  to  the  non-use 
of  HuptM-heat.  Similarly,  tlu'  ptn'formance  of  the  "  Nevada  "  and 
of  the  "  Pennsylvania  "  could  have  been  improved  iioarly  10  per 
cent .  by  using  >su|rt1i 《'； it.  ' 

The  "  Nevada  ''  and  the  "  Pennsylvania  "  arc  littud  with 
geared  cruising  turbines.  The  superior  economy  secured  by  these 
over  otlu'i'  turhint'  vessels  is  clearly  shown  by  the  curves.  Tho 
curviNs  also  indicate  that  the  Parsons  vessels  at  high  speeds  give; 
a])()ut  the  same  ccoiioniical  result  as  the  Curtis-turbincd 
" Nevadu  ''  and  "  IVmisylvania."  The  propeller  cfftciencics  of 
tlie  "  Nevada  "  uJid  "  A rkun.sas  "  ctre  about  the  same.  Huwovei'j 


November  17,  1916]  THE    MECHANICAL  ENGINEER, 


389 


within  the  rim^i ；，、  of  tli(、  intornHHUut-o-pn'ssuro  cruisinji"  i urhiiie 
Parsons  vossols  are  suporior.  wliilo  at  very  low  spoods  the  economy 
ill  the  turbine  vessels  is  about  the  sanio.  The  PcniKsylvania  ，， 
at  hii^h  power  shows  slightly  bettor  ocononiy  than  the  "  Nevada/ ' 
this  being  ex|)octod  since  it  is  a  later  and  somewhat  bettor  design, 
iuul  better  propdlm'  coiulitions  duo  to  the 丽、 of  four  screws 
nmninsi-  at  same  revolutions  are  obtainod.  At  low  power  the 
" Nevada  ''  gives  bettd*  economy  K^siilts.  Tho  curves  of  the 
Utah,"  "  Arkansas,"  "  Nevada,"  and  "  Peinisylvania  ，，  are 
really  a  series  of  curvt's,  as  tlu、v  juiup  from  one  ('unil>inati(>"  of 
turbines  tt>  another. 

In  plotting  the  curves,  that  for  each  condition  is  laid  down  and 
carried  uj)  to  the  point  where  the  next  combination  of  turbines 
conies  in.  Actually,  by  means  of  by-passing  steam,  the  results 
will  not  follow  the  separate  lines  ；  but,  as  the  limit  of  one  com- 
bination is  reached,  by-})assin*>  is  resorted  to  and  a  better  result 
secured  than  if  a  complete  shift  to  the  next  combination  were 
made. 

As  far  as  economy  at  the  different  speeds  is  concerned,  there 
is  not  much  choice  between  the  different  types  of  machinery  when 
they  have  proper  propeller  efficiency.  At  very  low  powers  the 
reciproca  ting  engine  is  about  as  economical  as  the  geared  cruising 
turbine,  both  of  these  being  more  economical  than  directly  con- 
nected cruising  turbines.  The  use  of  superheat  would  improve 
the  performance,  however,  especially  that  of  the  reciprocating 
engine  and  impulse  turbine. 

The  foregoing  indicates  that  when  all  advantages  of  design 
are  used,  about  the  same  economical  results  are  secured  with 
either  reciprocating  ensines.  Parsons  turbines,  or  Curtis  turbines, 
and  that  other  matters  besides  mere  economical  performances 
should  decide  the  choice  of  prime  mover  as  between  the  several 
types.  It  also  goes  to  show  that  when  the  losses  are  properly 
guarded  against  it  is  the  range  of  temperature  that  really  counts 
in  securing  efficient  propulsive  machinery.  Therefore,  the  most 
effective  measures  that  can  be  applied  are  those  which  increase 
the  range  of  temperature  that  can  be  used  and  those  which  con- 
serve the  use  of  the  heat  units  supplied.  Hence  we  have  reasons 
for  use  of  superheat,  the  employment  of  the  highest  possible 
vacuum  practicable,  the  best  possible  use  of  feed-heating 
apparatus,  and  economical  operation  of  auxiliaries. 

The  curves  of  the  destroyers  "  McDougal  ，，  and  "  Wadsworth  " 
have  also  been  plotted  (Fig.  2).  Owing  to  large  differences  in 
hulls  and  speeds,  the  destroyers  are  not  directly  comparable  with 
the  battle-ships,  but  they  are  comparable  with  each  other,  and 
the  curves  indicate  the  general  efficiency  of  the  propulsive 
machinery  of  representative  destroyers,  and  strikingly  show  the 
economical  advantage  secured  by  use  of  gearing. 

(To  be  continued.) 


THERMAL  REACTIONS  OF  CAST  IRON.* 

BY  PROF.  THOMAS  TURNER. 

Adopting  the  time-honoured  language  of  Lord  Macaulay,  it 
may  be  assumed  that  "  every  school  boy  knows  ，，  that  sub- 
stances when  heated  expand,  and  with  every  increment  of 
temperature  there  is  a  corresponding  increase  of  volume.  Con- 
versely, when  any  material  is  cooled  there  is  a  corresponding 
diminution  of  volume,  the  amount  of  such  contraction  per 
unit  of  temperature  depending  upon  the  inherent  properties 
of  the  material.  But  though  it  is  true  that  over  a  short  range 
of  temperature  the  change  of  volume  is  strictly  proportional 
to  the  change  of  temperature,  it  is  not  strictly  true  over  wide 
ranges  of  temperature.  Solids,  for  example,  have  a  higher 
rate  of  expansion  when  near  their  melting  points  than  at 
lower  temperatures.  Further,  in  very  many  instances,  accu- 
rate observations  show  that  there  are  distinct  irregularities, 
and  that  these  are  indications  of  important  physical,  allo- 
tropic,  or  chemical  changes  which  occur  at  certain  definite 
temperatures.  It  is  noteworthy  that  two  of  the  most  impor- 
tant substances  with  which  we  have  to  do,  namely,  water  and 
cast  iron,  show  remarkable  interruptions  in  their  rate  of  con- 
traction when  cooling ― in  fact  actual  and  marked  expansion 
takes  place.  The  profound  and  beneficial  influences  which 
result  in  the  climatic  conditions  of  our  globe,  from  the  expan- 
sion of  water  when  changing  to  ice,  are  well  known  to  all 
geographers.     The    inconveniences   which    accompany  such 

*  Paper  read  before  the  Cleveland  uieetinfi  of  the  American  Foundi-ymen's 
Association. 


a(lv;u";ig(>s  arc  known  lo  t  he  housclioldcr  and  t  lie  ("igiimcr. 
Tlie  expansion  of  cast,  iron  during,  and  shortly  al'tei*,  solidifi- 
cation has  I  he  great  advantage  of  rendering  the  metal 
specially  suitable  for  giving  a  perfect  reproduction  of  the 
desired  pattern.  Bui  this  advantage  is  accompanied  hy 
troubles  which  beset  the  fouiidryman,  and  which  often  lead 
to  the  production  of  castings  that  are  warped  or  bent,  or 
wliich  spontaneously  crack  cifter  being  allowed  to  cool. 

In  comparing  water  with  cast  iron,  a  marked  clifTerence  in 
constitution  is  observed.  To  the  chemist  water  is  a  compound, 
composed  of  oxygen  and  hydrogen,  yet  physically  it  is  all  one 
tiling  ；  one  "  component''  or  one  "  individual."  So  long  as  it 
is  liquid  it  is  one  "  phase.  '  When  water  passes  into  ice  we 
have  another  phase,  while  water  vapour  is  a  third  phase. 
With  the  gaseous  phase  we  are  not  interested  at  j)resent,  and 
it  introduces  the  further  variant  of  pressure.  Considering 
only  the  liquid  and  solid  phases,  if  these  be  mixed  together  in 
any  proportion  and  kept  at  exactly  0。  C.，  no  change  will 
occur  in  the  weight  of  ice  or  of  water.  But  if  the  temperature 
be  raised  and  sufficient  time  given,  the  whole  of  the  ice  will 
melt  ；  if  the  temperature  be  lowered,  and  sufficient  time  given, 
the  whole  of  tlie  water  will  freeze.  Hence  there  is  only  one 
temperature  at  which  the  two  phases  can  remain  in  equili- 
brium. With  a  falling  temperature,  no  matter  how  many 
phases  may  be  present,  only  one  phase  can  separate  at  one 
time. 

Cast  iron  is  not  an  element,  or  a  com  pound,  or  a  solution, 
but  a  heterogeneous  mixture,  including  a  number  of  "  indivi- 
duals " or  "  components."  The  elements  which  are  always 
present  are  carbon,  silicon,  sulphur,  phosphorus,  and  man- 
ganese. Variable  small  quantities  of  other  elements  are  also 
to  be  detected.  The  actual  substances  in  cast  iron  include 
iron  (or  ferrite),  carbon,  iron  carbide  (Fe^C),  iron  silicide 
(Fe^Si),  iron  sulphide  (FeS)，  iron  phosphide  (Fe^P),  and  man- 
ganese sulphide  (MnS).  There  are  mixtures  of  the'  foregoing, 
yielding  eutectics,  such  as  the  iron  carbide  eutectic  with  4'3 
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per  cent,  of  carbon,  the  iron-carbon-phosphorus  eutectic  with 
2  per  cent,  carbon  and  6'7  phosphorus.  There  is  also  pearlite 
with  0  9  per  cent,  carbon.  There  are  also  solid  solutions,  such 
as  silico-ferrite  which  has  the  same  crystalline  habit,  or  is 
isornor})hous  with  iron.  It  therefore  is  not  enough  merely  to 
know  the  ultimate  chemical  composition  of  our  cast  iron.  We 
must  know  in  what  form  the  elements  are  present,  and  how 
they  are  arranged.  Having  so  complex  a  structure  and  com- 
position in  the  solid  cast  iron,  the  question  naturally  arises ― 
Do  these  substances  exist  in  the  separate  state  from  the  begin- 
ning, or  is  there  a  definite  and  sequence  of  formation  ？  A 
generation  ago  no  satisfactory  answer  could  have  been  given 
to  such  an  enquiry.  The  use  of  the  microscope  and  the  pyro- 
meter, and  the  application  of  the  "  phase  rule,"  have  done 
much  to  make  clear  what  really  occurs.  When  cast  iron  com- 
mences to  solidify,  the  carbon,  silicon,  phosphorus,  and  other 
elements  are  in  a  state  of  solution.  Any  separation  which  occurs 
takes  place  afterwards  as  the  metal  cools.  It  takes  place  in  defi- 
nite order  and  at  definite  temperatures.  So  long  as  the  tem- 
perature is  falling,  and  sufficient  time  is  given  for  equilibrium 
to  be  attained,  only  one  phase  can  separate  out  at  a  time.  If 
there  is  a  fixed  temperature  at  any  point  during  the  process 
of  cooling,  then  two  substances  may  separate  out  together  and 
yield  a  eutectic.  In  no  case  can  more  than  two  phases  sepa- 
rate out  together.  It  has  been  found  that  the  condition 
stated  is  true  only  so  】cmg  as  sufficient  time  is  given  for  equili- 
brium to  be  attained.  In  a  large  casting,  which  is  cooled  very 
slowly,  we  approximate  to  equilibrium  conditions.  But  in 
many  cases  the  cooling  is  so  rapid  that  one  separation  is  not 
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completed  before  the  temperature  is  reached  at  which  another 
begins.  We  have  thus  an  overlapping  or  lag,  and  with 
extremely  rapid  cooling  changes  may  be  altogether  suppressed. 
In  such  cases  heat  which  would  otherwise  have  been  evolved 
is  retained  in  the  solid,  and  the  result  is  called  nietastable. 
Met ast able  solids  are  often  hard  and  brittle,  like  glass,  or 
white  cast  iron.  By  annealing  at  a  proper  temperature,  the 
heat  which  has  been  retained  iiiternallv  is  allowed  to  change 
its  form,  and  to  be  liberated  ；  the  condition  of  equilibrium 
is  attained,  and  the  solid  becomes  relatively  soft. 

Returning  now  to  the  subject  of  expansion  in  cast  iron, 
it  in  ay  be  noted  that  practical  men  were  convinced  tjiat  expan- 
sions occurred  long  before  there  were  any  scientific  observa- 
lions  to  support  that  view.  These  preliminary  observations 
did  not  carry  us  beyond  the  point  at  which  the  metal  became 
solid  in  the  mould.  Nor  was  attention  given  to  the  ii.fluence 
exerted  by  tlie  various  elements  which  are  present,  in  widely 
different  proportions,  in  different  samples  of  grey  cast,  iron. 
Really  accurate  and  useful  knowledge  on  this  branch  of  the 
subjert  may  be  said  to  coinnieiice  with  the  work  of  W.  J. 
Keep,  of  Detroit,  who  introduced  an  apparatus  for  automati- 
cal! v  recording-  the  changes  of  length  in  a  sand-cast  bar  from 
the  moment  it  begins  to  solidify  until  it  is  cold  in  tlie  mould. 
By  modifications  of  this  method,  and  with  tlie  addition  of  tem- 
perature measurements,  the  question  has  been  since  more  fully 
invest  located  in  my  laboratory.  The  observations  have  not  been 
confinecl  to  cast  iron,  but  have  been  extended  to  brass,  bronze, 
and  other  alloys. 

A  fundamental  experiment  hy  Mr.  Keep  calls  for  special 
mention.  A  mimher  of  similar  bars  were  poured  from  the 
same  ladle,  side  hy  side,  at  t  he  same  time.  From  one  of  these 
an  autographic  record  of  changes  of  length  was  obtained. 
The  others  were  quenched,  one  at  a  time,  at  regular  intervals 
rlurincr  cooling.  The  quenched  bars  were  afterwards  analysed. 
The  results  are  represented  in  Fig.  1.  Tli©  metal  was  a  grey 
phosphoric  cast  iron,  containing  3*85  per  cent,  silicon.  It 
showed  three  distinct  expansions,  which  reached  their  respec- 
tive maxima  at  about  4  min"  8  min.,  and  14  min.  after 
casting.  It  was  not  until  about  20  min.  after  pouring  that 
regular  contraction  commenced.  The  combined  carbon  had 
fallen  duriiior  these  expansions  from  0*60  to  0  06  per  cent,  in 
the  chilled  bars.  Mr.  Keep  s  work  was  of  importance  not  only 
because  it  showed  the  nature  and  sequence  of  the  expansions 
which  take  place,  but  also  on  account  of  its  suggestiveiiess  for 
further  enquiry. 

The  questions  which  naturally  arose  were  those  of  dealinp- 
with  tlie  cause  or  causes  of  the  expansions,  the  thermal 
fhaiiges  which  occurred,  and  the  changes  in  structure  and  pro- 
pert'ies  which  resulted  therefrom.  In  the  investigations  which 
ensued  I  was  fortunate  in  having  the  assistance  of  Dr.  O.  F. 
TTudson.  Among  the  facts  ascertained  were  the  followine^  ： 
fl)  That  most  metals  and  a  number  of  alloys  give  a  regular 
contraction  in  the  cast  bar  ；  (2)  that  witli  white  cast  iron,  free 
from  phosphorus,  there  is  only  one  small  expansion,  and  one 
temperature  arrest,  which  occurs  at  pbout  G70°  C.  ；  (3) 
lliat  with  erey  cast  iron,  free  from  phosphorus,  there  are  two 
well-marked  expansions,  and  two  distinct  temnerature  arrests, 
wliicli    occur    at   about    1'135。   and    695""   C.，   respectively ; 

tliat  with  increase  of  silicon  these  arrest  Doints  occur  at 
H(j"lier  temneraturas,  and  nearer  together.  In  other  words. 
Ihoii^h  both  are  raised,  the  lower,  or  pearlite  point,  is  raised 
'"ore  than  the  upper,  or  iroi)  carbide  eutectic  point :  (5)  that 
llie  addition  of  a  small  ouantitv  of  manganese,  together  with 
j^ilicon,  dirninislies  the  rise  in  the  pearlite  point,  and  leads  to 
a  more  co'nplete  decomposition  of  the  pearlite  carbide,  in 
other  words  to  the  production  of  fine-e:rairied  ^anhite 
from  the  combined  carbon  ；  (6)  that  in  prey  irons  containing 
phosphorus  there  is  an  additional  or  third  arrest,  which  occurs 
？ it  a  temperature  between  those  given,  or  at  about  900。  C. 
A  tvpical  expansion  curve  and  the  corresponding:  temperature 
curvf*  for  grev  nliosnhoric  iron  is  p-iven  in  Fio^.  2. 

There  are  doubtless  other  volume  chane^es  besides  those 
tliat  have  been  mentioned.  These  include  what  occurs  when 
?iilicoTi  dissolves  in  iron  to  yield  the  solid  solution  known  as 
silico-ferrite.  The  separation  of  rnanj'aiiese  sulT)hide,  and  iron 
snh)liido.  duririf;  tlie  oooline^  of  cost  iron,  doubtless  also  pro- 
(hices  volume  changes,  tlionf^h  such  changes  are  believed  to  he 
rplaiivelv  nnimportanl.  The  most  important  of  the  conclu- 
sions which  were  derived  from  the  experiments  conducted  at 


Time    each  division  equals  live  seconds. 

Fig.  2.— Expansion  and  Temperature  Curvfs  for  Grey  Phosphoric  Iron. 

solid  at  such  temperatures,  the  importance  of  the  strains  which 
are  thus  set  up  will  be  readily  appreciated. 

The  arrests  in  the  rate  of  cooling  of  a  hot  body  are 
obviously  due  to  evolutions  of  heat  at  a  given  temperature  or 
temperatures.  These  evolutions  during  cooling  are  merely  the 
converse  of  heat  absorptions  during  heating.  A  body  which 
cools  down  ill  this  irregular  manner  does  not  heat  up  uni- 
formly. In  practice  it  is  much  more  easy  to  detect  arrests 
during  the  cooling  of  a  casting  than  while  heating  up  in  the 
cupola.  But  there  can  be  no  doubt  that  the  one  is  the 
converse  of  the  other.  If  cast  iron  is  chilled  and  the  trans- 
formations are  suppressed,  heat  is  stored  up  in  the  solid. 
Hence  it  would  save  fuel  in  rem  el  ting  if  the  iron  were  chilled 
as  it  comes  from,  the  furnace,  instead  of  being  cast  in  sand 
in  the  usual  manner.  The  absence  of  sand  on  the  surface  is 
another  incidental  advantage.  On  the  other  hand  the  iron- 
founder  cannot  judge  of  the  character  of  the  iron  by  fracture 
if  it  has  been  so  chilled.  It  is  also  held,  though  I  know  not 
upon  what  scientific  evidence,  that  metal  which  has  been 
chilled  retains  some  of  its  acquired  hardness  when  renielted. 
It  would  scarcely  be  anticipated  that  such  a  result  would 
follow,  but  if  would  be  rash  to  contradict  the  opinion  of  a 
I)raciical  man  without  the  su])])ort  of  a  series  of  very  carefully 
conducted  tests. 


the  University  of  Birmingham  have  since  been  confirmed  by 
other  investigations,  employing  various  forms  of  apparatus. 
Special  mention  should  be  made  of  tlie  careful  work  of  Prof. 
W'list,  of  Aachen,  and  the  practical  applications  by  Messer- 
schinitt.  More  recently  Mr.  Heggie,  of  Birmingham,  who  is 
a  founch-y  】nanager  of  considerable  experience,  has  conducted 
a  number  of  tests.  The  object  was  to  ascertain  whether  in 
actual  practice,  with  varying  thicknesses  of  castings,  the  expan- 
sions followed  in  the  same  order  as  in  my  earlier  experiments. 
The  tests  were  made  with  a  rectangular  casting  of  special 
pattern.  It  was  a  frame,  made  witlilhin  ends,  and  with  one 
side  mucli  thicker  than  the  other.  It  was  cast  in  sand  in  the 
ordinary  way,  but  arrangements  were  made  for  recording  the 
changes  of  length  of  the  two  sides  during  cooling.  It  was 
found,  as  niight  be  anticipated,  that  the  expansions  in  the  thin 
bar  were  similar  to  and  occurred  in  the  same  order  as  in  the 
thick  bar.  But  since  the  thin  bar  cooled  more  rapidly,  its 
second  expansion  occurred  while  the  thick  bar  was  contracting 
af"r  its  first  expansion.  Hence  while  one  side  of  the  frame 
was  expanding  the  other  was  contracting,  and  internal  strains 
were  set  up  in  the  casting.  Positive  and  negative  effects 
followed,  until  at  length  the  thin  side  was  uniformly  contract- 
ing, after  its  third  expansion,  while  the  thick"  side  was 
markedly  expanding  at  about  700。.  As  the  metal  is  quite 
r 
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An  evohU ion  of  lioal  \vlii<'h  causes  an  ari'est  in  t ho  I'ate  of 
rooliui;"  may  he  due  to  a  c'haii»>e  in  st at o,  as  when  a  liipuil  is 
oonverteil  to  a  solid,  ami  parts  with  its  lalent  heat  of  fusion. 
It.  may  arise  from  an  allot ropic  or  polymorphic  change,  such 
as  those  which  occur  in  pure  iron,  in  iron  sulphide,  and  many 
other  sul)st aiices.  Thirdly,  it  may  be  due-  to  the  splitting  up 
of  ii  ooinbiiKition,  the  formation  of  which  necessitated  the 
absorption  of  heat.  To  this  last  class  most  of  the  changes 
which  000 ur  in  cast  iron  belong. 

Wit  li  carbon  iron  unites  to  form  carbides  which  are 
definite  cheinical  cotnjxnnids.  Of  these  Fe.,C  was  first  isolated 
by  Abel  and  is  well  known  :  Fe^C  is  also  accepted,  while  the 
existence  of  Fe^C  and  FeO  is  also  suggested.  Within  the  range 
of  ordinary  furnace  tern])er;itures  only  Fe.'C  need  be  considered. 
Tt  is  formed  by  the  direct  in i ion  of  carbon  ami  iron,  with 
absorption  of  heat.  Tt  is  more  stable  as  the  temperat'iu'e  rises. 
Hence  at  temperatures  well  above  the  melting  point'  of  cast 
iron  it  shows  no  tendency  to  decompose.  But  as  the  tein pera- 
tiire  falls  the  carbide  tends  to  decompose  into  iron  and  carbon. 
Hence  irons  which  are  rich  in  carbon  often  yield  graphite  in 
the  form  of  "  kish  "  when  allowed  to  remain  fluid  just  above 
their  melting  point.  When  only  iron  and  carbon  are  present 
4*25  per  cent,  of  carbon  is  retained  in  solution,  and  this 
solidifies  as  an  iron,  iron- carbide  eutectic  at  about  1,130°  C. 
If  the  temperature  falls  rapidly  the  carbide  may  not  have 
time  to  decompose,  and  white  iron  results.  If,  however,  the 
cast  iron  is  kept  for  a  lengthened  period  at,  or  above,  1，000。 
C.y  tiie  carbide  decomposes  and  graphite  is  produced.  The 
resultant  is  a  grey  iron,  which  may  still  contain  carbide  equal 
to  0  09  per  cent,  of  carbon.  This  residue  may  almost  com- 
pletely decompose,  with  further  evolution  of  heat,  at  about 
700。  C.  One  hundred  volumes  of  carbide,  completely 
decomposed  into  iron  and  graphite,  expand  to  113  volumes. 
The  presence  of  silicon  lowers  the  solubility  of  carbon ,  hence 
the  total  carbon  is  lower,  and  the  formation  of  graphite  is 
facilitated.  The  complete  decomposition  of  the  carbide  is 
assisted  by  the  presence  of  a  small  quantity  of  manganese. 
These  facts  will  explain  the  two  temperature  arrests,  and  the 
two  expansions  observed  with  non-phosphoric  grey  cast  irons. 

Iron  and  phosphorus  unite  to  form  several  definite  phos- 
phides, but  only  FegP  will  be  here  mentioned.  The  phosphide 
becomes  more  stable  as  the  temperature  rises,  hence  steel  can- 
not be  dephosphorised  if  the  temperature  is  too  high.  The 
iron,  iion-phosphide  eutectic,  which  corresponds  with  tlie  iron 
carbide  eutectic,  contains  10*2  per  cent,  of  phosphorus  and 
melts  at  980°  C,  In  grey  cast  iron  this  binary  eutectic 
combines  with  carbon  to  form  a  ternary  eutectic,  containing 
about  2  per  cent,  of  carbon,  6'7  per  cent,  of  phosphorus,  and 
91.3  per  cent,  of  iron.  The  triple  eutectic  solidifies  at  about 
943°  C.,  and  is  the  last  portion  of  the  casting  to  become 
solid.  If  the  iron  is  very  grey,  the  triple  eutectic  parts  with 
its  carbon,  yielding  graphite  and  the  binary  eutectic.  The 
latter  exists  in  the  form  of  cells  of  irregular  shape'  which  are 
easily  recognised  under  the  microscope.  These  facts  account 
for  the  evolution  of  heat,  and  the  expansion,  which  takes 
place  with  ordinary  grey  cast  iron,  at  or  somewhat  above  900° 
C. 

While  the  three  thermal  reactions,  just  described,  are  un- 
doubtedly the  most  important  of  those  which  occur  during 
the  heating  or  cooling  of  cast  iron,  there  are  others  which  are 
worthy  of  further  investigation.  We  have  for  example  the 
formation  of  silico-ferrite,  and  of  silico-graphite,  which  appear 
to  be  of  importance  but  of  which  little  is  known.  There  are 
also  the  reactions  of  manganese  and  those  of  sulphur,  both  of 
which  would  doubtless  repay  further  study.  Though  our  know- 
ledge of  the  subject  has  almost  im measurably  increased  during 
a  generation,  there  are  still  untrodden  fields  for  those  who 
follow. 


The  Worlds  Production  of  Petroleum. ― The  production  of 

crude  petroleum  throughout  the  world  last  year  was  426,892,673 
barrels.  This  beats  the  record  output  of  1914  by  7  per  cent. 
The  greater  part  of  the  increase  was  contributed  by  the  United 
States  and  Mexico,  although  Russia,  Argentina,  and  Japan 
also  recorded  small  advances.  Last  year's  output  of  the  six 
principal  petroleum-producing  countries  was  :  United  States, 
281,104,100  barrels  ；  Russia  68,548,062  barrels  ；  Mexico, 
32,310,508  barrels  ；  Dutch  East  Indies,  12,386,808  barrels  ； 
Roumania,  12,029,913  barrels  ；  and  India  (including  British 
Borneo),  7,400,000  barrels. 


HEATING  AND  VENTILATING  PRIVATE  DWELLING-HOUSES. 

I  \  a  |)ii|>(M'  on  1  his  sul>j<M*l-,  ic^ad  Ik* IOi  c;  { Socifrly  oi' 
Hlngineers  on  November  (>t h,  M r.  V.  T.  Alfred  I lanssoii, 
A.M.Inst'.C  E.，  stated  tliat  in  England  丄 r)、0("),()()0  por 
aniiutn  was  spent  on  heating  private  d wollint^-lioiiHes  l)y  ineaiis 
of  open  fires.  Large  volumes  of  cold  air  were  drawn  through 
tlie  rooms,  which  were,  as  a  rule,  heated  only  to  a  few  degrees 
above  the  outside  air.  During  cold  weather  the  results  wnio 
not  only  ui'com forlable,  but  were  a  positive  clanger  to  healtJi, 
as  could  be  proved  by  the  great  rise  in  the  rate  of  mortality 
every  time  the  temperature  of  tlie  external  air  fell  below  ATi' 
Fall.  The  present  system  of  heating  and  veniilaljii^  was 
therefore  expensive,  inefficient,  and  unsanitary.  It  was 
commonly  believed  that  cold  air  improved  our  hoaltJi 
and  that  it,  enabled  j)eople  to  resist  ('liills.  This  was 
perfectlv  true  in  the  case  of  those  who  took  active  exercise  in 
the  open  air,  but  was  far  from  being  true  in  the  case  of  tliose 
who  sat  or  stood  in  cold,  draughty  rooms,  where  the  fresli  air 
cii  rulated  mainly  about  their  feet.  Tiierefore,  altlmugh 
vitiated  air  was  very  unsanitary,  it  must  be  maintained  that 
cold  air  was  still  more  unsanitary. 

Effective  ventilation  did  not  only  consist  of  admitting  an 
ample  volume  of  fresh  air  to  our  dwellint^  rooms,  but  in 
admitting  it  in  such  a  manner  tliat  it  entered  at  the  breathing 
level,  and  tlmt  it  thoroughly  displaced  the  vitiated  air 
throughout  tlie  whole  room.  This  could  not  be  done  unless 
the  incoming  a i r  liad  approximately  tlie  same  temperature  as 
the  air  in  the  room.  If  it  was  colder  it  would  sink  to  the 
floor  level  ；  if  it  was  warmer  it  would  rise  to  tlie  ceiling,  and 
in  either  case  it  would  fail  to  reach  the  lungs  of  the  occupants. 
Air  did  not  move  without  being  acted  upon  by  a  difference  of 
pressure  due  to  a  difference  of  temperature  or  the  action  of  a 
fan  or  the  like.  The  former  was  inadmissible  for  effective  venti- 
lation, therefore  the  latter  became  indispensable.  In  England, 
according  to  statistics  for  the  last  64  years,  there  was  a  mild 
season  from  June  to  September  inclusive,  witii  an  average 
temperature  of  60-2°  Fah.,  and  a  cold  season  from  October  to 
May  with  an  average  temperature  of  44"2°  Fall.,  when  artifR-ial 
heat  was  required  for  maintaining  our  dwelling-bouses  at  an 
average  of  55。  Fah.  To  lieat  the  volume  of  22,000  cub.  ft.  of 
air  per  liou r  required  for  an  ordinary  middle-class  house,  in  a 
good  heating  apparatus,  from  44*2°  Fah.  to  55°  Fall,  required 
a  little  over  a  ton  of  coal  per  annum.  A  house  could  be 
thoroughly  ventilated  with  warm  air  at  a  cost  of  about  £3.  8s. 
per  an  nil  m,  taking  coal  at  30s.  per  ton  and  electric  power  at 
Id.  per  Board  of  Trade  unit.  The  heating  value  of  ordinary 
town  gas  at  3s.  per  1,000  cubic  feet  corresponded  to  tfiat  of 
coal  at  £8.  16s.  Id.  per  ton,  and  gas  was,  therefore,  too  expen- 
sive at  present  to  be  used  for  general  heating.  Tf，  however, 
the  price  could  be  lowered  to  compete  with  coal,  considerable 
domestic,  sanitary,  and  commercial  advantages  would  result. 

Various  experiments  were  given  which  showed  that  the 
present  low  efficiency  of  our  heating  system  was  clue  in  the 
first  instance  to  the  incomplete  combustion  in  an  open  fire- 
place and  to  the  small  amount  of  heat  radiated  into  the 
room  ；  but  it  was  also  due  to  the  large  amount  of  heat  which 
escaped  by  conduction  through  the  thin  walls,  floors,  roofs, 
windows,  and  doors  of  our  houses.  Allowing  for  these  losses, 
the  cost  of  heating  an  ordinary  niidrlle-class  house  to  55°  Fah. 
by  means  of  open  fires  was  prohibitive,  as  it  required  32 i  tons 
of  coal  per  anuum  for  an  average  winter.  By  means  of  a 
well-regulated  economical  heating  apparatus  this  expenditure 
could  be  reduced  to  8A  tons  of  coal  per  aiiimm,  and  if  proper 
steps  were  taken  to  prevent  tlic  excessive  heat  losses  by  protect- 
ing tlie  walls,  floors,  ceilings,  and  roof  with  some  cheap  and 
officieut  non-couductor  and  by  using  double  winduws,  the  total 
cost  for  heating  the  house  and  the  incoming  air  might  be 
reduced  to  less  than  three  tons  of  coal  pev  annum.  Tlie 
insulating  material  recommended  as  being  cheap,  a  good  non- 
conductor, proof  against  moisture,  vermin,  fire,  and  sound  was 
the  so-called  'slag- wool.  One  inch  thickness  of  slag-wool  would 
retain  as  much  heat  as  an  extra  tliickness  of  12in.  of  brickwork. 
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A  NEW  LOCK  NUT  WITHOUT  WASHERS. 

、Ve  are  indebted  to  the  "  Iron  Age  "  for  the  following  par- 
ticulars of  a  lock  nut  in  which  the  dead  and  not  the  moving 
member  is  locked,  and  which  has  been  developed  by  the  Western 
Screw  and  Look  Nut  Co"  342,  Mills  Building,  San  Francisco, 
Cal.  With  tHis  nut  no  washers  are  required  and  the  nut 
can  be  locked  at  any  point  on  the  bolt,  an  arrangement  which 
"lakes  it  possible  to  take  care  of  oscillating  or  pulsating  move- 
ments. The  bolt  and  nut  can  be  used  over  and  over  several 
times,  it  is  explained,  without  damaging  the  threads.  It  is 
possible  also  to  fit  a  United  States  standard  nut  tightly  on  a 
bolt  having  a  V-tliread,  and  it  is  also  possible  to  make  a  nut 
tight  on  a  loose  fit  bolt.  The  lock  nut  consists  of  two  members. 
The  lower  one,  which  is  the  nut  proper,  is  similar  in  form  to 
a  regular  hexagon  nut  and  has  four  flexible  finger  members 
projecting  from  its  upper  surface.    When  the  upper  or  locking 


NEW  PATENTS. 

Specifications  of  the  following  arc  now  published,  and  we  shall 
?>e  pleased,  to  forward  copies  poH  free  on  receipt  of  Sd,  Address 
"Mechanical  Engineer,''  53,  New  Bailey  Street,  Manchester, 
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A  New  Lock  Nut  without  Washers. 

member  is  screwed  down,  these  fingers  are  compressed  and  the 
iiut  is  frozen,  as  it  is  expressed,  to  the  bolt.  The  locking 
action  is  secured  by  turning  the  locking  member  firmly. 
When  locked  in  place  this  member  is  counted  on  to  help  carry 
the  load.  One  of  the  features  of  the  lower  member  is  a 
number  of  threads  which  provide  capacity  to  carry  the  load. 
The  nut  is  released  with  an  ordinary  wrench,  and  when  the 
locking  member  is  released  it  will  of  course  move  as  one  of 
the  ordinary  type.  A  recent  test  of  the  holding  power  of  one 
of  these  nuts  was  made  by  bolting  two  pieces  of  |in.  by  l^in. 
bar  steel  together  with  a  |in.  lock  nut  and  on©  of  the  ordi- 
nary type  placed  6in.  apart.  The  steel  bars  were  suspended 
on  heavy  springs  and  an  air  hammer  delivered  500  blows  per 
minute  with  a  force  of  251bs.  midway  between  the  two  bolts. 
It  is  stated  that  the  ordinary  nut  was  jarred  off  in  a  short 
time,  thus  leaving  the  strain  on  the  other  bolt.  After  nine 
hours  of  continuous  jarring  at  this  rate  the  lock  nut  was  still 
gripping  firmly. 


METAL  QUOTATIONS. 

TUESDAY,  NOVEMBER  14th. 

Aluminium  ingot    —    per  cwt. 

,,         wire,  according  to  sizes,  &c;  from  ―  ，， 

,,         sheets       ,,  ,,    一  ,， 

Antimony    £95/—/—  per  ton. 

Brass,  rolled   1/4 J  per  lb. 

，， tubes  (brazed)    1/6|-  ,， 

,，       ，, (solid  drawn)    1/4^  " 

，，       "    wire    1/3|  ，， 

Copper,  Standard    £128/10/-  per  ton. 

Iron,  Cleveland    87/6  ，， 

" Scotch    ―  " 

Lead,  English   £32/5/-  ,, 

，， Foreign  (soft)   £30/-/-  ，， 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

„  "       "         medium    3/6  to  6/-  " 

，，  ，，       ，，         large    7/6  to  14/— ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    34^d.  per  oz. 

Spelter  (American)     £54/-/-  per  ton. 

Tin,  block    £187/15/-  per  ton. 

Tin  plates,  I.C   32/—  poi-  box. 

Zinc  sheets    £75  per  ton. 


Gas  producers. 


MECHANICAL,  1913. 

Cousin.  28440. 

1915. 


Chucks.    Mottershead,  and  John  Hamilton  &  Sons,  Ltd.,  13274. 
Lathes.    Marks.    13659. ' 
Swing  bridges.    Strauss.  14785. 

Rock  drills.  Kimber.  14809.  ' 
Drain  cocks  or  valves  for  steam  cylinders.  Barclay.  14842. 
Destructor  furnaces.    Marks.  14850. 

Carburetters  for  internal-combustion  engines.    Gornall.  14861. 
Throttle    valves   for    internal-combustion    engines.  Rutherford 
14914. 

Internal  combustion     engines.      Packard     Motor-Car  Company. 
1.5070. 

Carburetters  for  internal-combustion  engines.    Abell.  15071. 
Fluid-pressure  engine.    Werts.  15074. 

Process  and  apparatus  for  converting  heavy  netroleum  oils  into 

light  oils.    Tnimhle.    15084.  ' 
Rolling  mills  and  bars  produced  thereby.    Samuel    Fox    &  Co., 

Thickett,  and  Hawksworth.    15141. ' 
Melting  furnaces.    lonides.  15322. 

Transmitting  power  by  fluid  wave  transmission.  Coustantinesco 

and  Haddon.  15398. 
Mechanical  lubricating  apparatus.    Thomas.  15401. 
Self-propelled  vehicles.    Watney.  15980. 

Locomotives  and  railway  motor-cars.  Baguley  Cars,  Ltd  and 
Baguley.  16030. 

Motor  tractors.  Omnitractor  Syndicate,  Ltd.,  and  Smith.  16101. 
Liquid-fuel  supply  arrangements  of  internal-combustion  engines. 

Higginson  &  Arundel.  16396. 
Exhaust  silencers  for  intern a,l-onmbustion  engines.  Walker.  16494. 
Carburetters  for  iiitenial-combiistion  engines.    Griffin.  16922. 
Pipe  couplings.    Watson.  17387. 

Power  hammers.    Pickersgillj  Pickersgill,  &  Pickersgill.  17877. 
Drum  brakes.     Hutchinson.  18096. 

1916. 

Means  for  improving  the  output  of  power  from  screw  propellers. 

Glissenti,  A.   257.  ' 
Furnace  bridges  of  steam  boilers.    Neil.,  J.  554. 
Apparatus  for  finishing  metal  section  bars  by  Diishing  through 

dies.    Hayes,  J.    1100.  ' 
Apparatus  for  the  production  of  gas.    Tullyj  C.  B.  1318. 
Machines  for  cutting  metal  bars  and  tubes.    Lumsdon^  T.  1790. 
Grinding  machines.    Bright,  F.  E.  3995. 
Apparatus  for  loading  coal  into  vessels.    Instone,  S.  4282. 
Vaporisers  for  internal-combustion  engines.     Clarke,  T.  W.  H. 

663(3.  * 
Diaphragm  pinups.    Mollei^  V.  7765. 
Kailvvay  rail  joints.    Harris,  O.  8295. 

Valve  controlling  gear  for    fluid  pressure    engines.     Blaylock^  J. 

8975.  -  ' 

Means  for  producing  andil^le  signals  on  trains.    Bidclle，  W.  H. 

12015. 

ELECTRICAL,  1915. 

Transformers.    Thordarsoii.  13586. 

Systems  of  electric  ship  propnlsioii.  British  Thomson  Houston 
Company.  15008. 

Resistance  thermometers.  Cutler-Hammer  Manufacturing  Com- 
pany. 15124. 

Alternating  current  motors.  British  Thomson  Houston  Company. 
15186.  ' 

Automatic  and  semi  automatic  telephone  systems.  Relay  Auto- 
matic Telephone  Company,  and  Aitken.  1/5287. 

System  of  electric  welding.    Wilson.  17834. 

1916. 

Electi  ical  relay  systems.    Siemens       Halske  Akt.-Ges.  869. 
Electric  supply  meters.    Land  is  and  Gyr  Soc.  Anon.  2600. 
Sparking  plugs  for  internal-combustion  engines.     Austin,  A.  T. 
3062. 

Switch-operating  meclian.ism  for  use   with    electric  transformer 

sta  rters.    Bari'aclongh,  W.  9139. 
Time  limit  electric   relays.     British   Westiuglioiise  Electric  and 

M a n u fa ct u ring  Com p a. ny .  9826. 
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FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2). 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 


HEAD  OFFICE : 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112，  QUEEN  VICTORIA  ST.,  LONDON.  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 


Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 

The  "perfect"  VISE 


， YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
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The  Metric  System. 

In  the  chaotic  upheaval  of  our  social  habits  and  customs  and 
clamour  for  reforms  after  the  war,  it  is  but  natural  that  the 
voice  of  the  metric  enthusiast  should  be  heard.  It  is  a  subject 
on  which  much  has  already  been  said,  and  the  arguments  are 
not  all  on  one  side.  At  a  cursory  glance  our  system  of  weights 
and  measures,  with  its  absolute  want  of  relationship  between 
;>tandards  of  length,  capacity,  and  weight,  seems  stupid  in 
the  extreme.  On  the  other  hand,  the  metre  and  its  division 
into  hundredths  and  thousandths,  with  the  cubic  decimetre 
or  litre  as  a  standard  of  capacity,  and  the  weight  of  a  litre 
of  water  as  a  standard  of  weight,  with  multiplications  and 
divisions  or  transformations  effected  by  the  mere  shifting  of  a 
clecinial  point,  seems  simplicity  itself.  A  closer  investigation, 
however,  of  our  relatively  incommensurate  units  shows  them 
to  possess  advantages  in  commercial  dealings  that  the  metric 
system  of  sub- division  does  not  pos.^ess.  The  fact  that  the  ton 
contains  20  cwts.  and  the  sovereign  20s. ，  that  the  foot  contains 
12in.  and  the  shilling  12d.,  is  a  great  help  to  mental  com- 
putation ill  trade  transactions,  which  does  not  need  dilating 
upon.  Five  pounds  per  ton  is  5s.  per  cwt.  Six  shillings  a 
dozen  means  6d  each.  So  many  shillings  a  foot  means  so 
many  pence  per  inch.  Again,  the  natural  descending  ratios 
of  fractional  parts  of  half,  quarter,  eighth,  A'c"  each  being 
half  of  its  predecessor,  seems  to  lend  itself  much  better  in 
many  ways  to  the  human  mind,  and  is  adopted  even  in  coun- 
tries where  the  metric  system  is  in  vogue.  As  regards  the 
simplicity  of  the  metric  system,  especially  where  conversions 
of  dimension  and  weight  are  involved,  there  can  be  no  ques- 
tion. Chemists  long  ago  recognised  this,  and  lience  the 
metric  system  in  chemical  quantities  and  calculations  is  uni- 
versal. It  has  required  no  Act  of  Parliament  to  bring  this 
about.  The  system  has  been  adopted  purely  on  its  merits, 
and  if  we  were  all  chemists  the  question  of  metric  reform 
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would  not  be  a  burning  oue.  It  happens,  however,  that  the 
majority  of  the  world  s  work,  where  measurement  is  required, 
is  done  by  engineers,  and  it  fiirtlier  happens  that  the  system 
of  screw  threads,  which  practically  decides  standards  in  many 
other  directions,  has  been  worked  out  on  the  basis  of  the  inch 
with  its  sub-divisions  of  half,  quarter,  eighth,  &c.，  and  lias 
become  woven  into  our  workshop  practice.  To  root  this  out  to 
meet  the  wants  of  metric  or  decimal  enthusiasts  would  create 
enormous  confusion  without  any  corresponding  advantage. 
The  matter  is  one  that  has  been  discussed  not  only  here  but 
in  America,  where  the  Government  some  years  ago  were  on 
the  point  of  passing  an  Act  to  make  the  metric  system  com- 
pulsory, when  it  was  barred  by  the  action  of  the  engineers. 
The  advocates  of  "  metric  reform  ，，  are,  however,  active  in 
America,  as  they  are  here,  and  an  enquiry  which  the  Phila- 
delphia Bourse  is  conducting  amongst  manufacturers,  with  a 
view  to  obtaining  their  opinion,  has  elicited  a  reply  from  Mr. 
Coleman  Sellers,  jim.,  tlie  head  of  tlie  well-known  firm  of 
Win.  Sellers  &  Co"  which  we  taike  the  liberty  of  reproducing 
from  an  American  contemporary,  as  it  sums  up  the  pros  and 
cons  both  of  the  metric  and  the  British  system  impartially , 
and  especially  their  bearing  on  engineering  practice.  The 
following  is  the  extract  referred  to: ― 

" I  would  certainly  recommend  exporters  to  make  any  use 
of  the  metric  system  that  will  facilitate  their  foreign  business, 
such  as  expressing  weights  and  dimensions  in  tlie  units  used 
by  the  purcliaser,  if  he  so  desires.  The  Bourse  is  to  be  com- 
mended  for  putting  the  necessary  information  before  manu- 
factnrers  and  exporters,  but  I  should  be  very  sorry  to  see  it 
lend  itself  to  any  propaganda  designed  to  force  tlie  use  of  the 
metric  system  on  the  whole  country  by  act  of  Congress. 

" The  French  units  have  been  legalised  by  our  Govern- 
ment and  arm  rate  standards  have  been  prepared  for  distribu- 
tion. This,  I  think,  is  as  far  as  the  Government  should  go. 
I  am  perfectly  willing  that  any  one  shall  make  what  use  of  the 
metric  system  lie  deems  desirable,  but  I  object  seriously  to 
any  attempt  to  force  the  extension  of  the  system  by  legal 
enactment.  The  advocates  of  this  course  are  no  doubt  abso- 
lutely sincere  in  their  belief,  but  tliey  approach  the  subject 
too  mucli  from  a  scientific  point  of  view  and  do  not  ^ive  due 
consideration  to  the  practical  side.  If  the  system  is  really 
better  than  ours,  it  will  in  time  supplant  It  without  the 
violent  disturbance  which  would  follow  an  enforced  use. 

" Our  own  foreign  business  is  chiefly  confined  to  machine 
tools  or  other  machinery  for  working  metals,  and  the  metric 
system  is  only  involved  to  the  extent  tliat  we  occasionally  are 
reqiured  to  furnish  the  principal  screws  with  metric  threads 
or  to  arrange  a  machine  to  cut  metric  threads  :  that  is,  threads 
in  which  the  lead  or  pitch  is  expressed  in  millimetres  instead 
of  in  inches  or  fractions  of  an  incli.  Even  this  requirement  is 
not  universal.  We  are  now  building  inachines  for  Russia  ("a 
metric  country)  which  are  required  to  cut  incli  threads.  It 
really  makes  no  difference  to  the  buyer  of  a  maclnne  whether 
the  inch  or  the  milli metre  has  been  the  unit  of  Tneasnrement 
used  in  constructing  it. 

" As  to  the  use  of  the  system  in  our  own  establishment,  I 
may  say  tliat  when  we  began  the  manufacturing  of  the  GifFord 
injector  about  1860  we  followed  tlie  drawings  of  the  French 
inventor,  using  his  units,  and  all  our  gauges  and  tools  were 
made  accordingly,  with  the  single  exception  that  the  threads 
for  the  pipe  connections  conform  to  the  Anierican  standard. 
We  liave  continued  to  use  the  metric  units  in  this  department 
since  it  started,  with  entire  satisfaction,  but  with  no  desire  to 
extend  it  to  the  rest  of  our  estahlislnnent. 

" To  change  a  m ami factu ring  plant  sucli  as  ours  from  one 
system  to  the  otlier  is  not  so  simple  a  matter  as  merely  sub- 
stituting a  rule  differently  graduated,  but  it  involves  a  large 
investment  in  tools  and  fixtures  and  an  interference  with 
established  standards  which  it  is  practically  impossible  to 
change.  This  difficulty  is  very  real,  as  is  illustrated  by  the 
fact  that  even  in  France  the  metric  system  is  not  used  to  tlie 
entire  exclusion  of  other  standards ;  and  in  other  countries, 
Russia  for  example,  the  English  system  of  tlireads  still  gene- 
rally prevails.   The  matter  of  thread  standards  is  in  a  chaotic 


state  in  the  metre-using  countries,  and  they  have  not  yet 
agreed  to  conform  with  a  universal  standard  of  diameters, 
pitches,  and  forms  of  thread,  although  numerous  efforts  have 
been  made  to  bring  tins  about.  In  fact,  the  subject  is  in  the 
same  confusion  that  existed  in  England  before  Sir  Joseph 
AVlaitworth  introduced  liis  system  of  screw  threads,  which  was 
suggested  by  the  late  William  Sellers  and  officially  approved 
by  the  Franklin  Institute." 


COAL  SUPPLIES  FOR  POWER  STATIONS. 

In  his  presidential  address,  recently  delivered  before  the 
Mancliester  Local  Section  of  the  Institution  of  Electrical 
Engineers,  Mr.  A.  E.  McKenzie  referred  to  the  linking  up 
of  power  stations,  and  remarked  tliat  several  municipalities 
had  already  proved  the  great  financial  saving  that  could  be 
effected  by  iuter-connectiiig,  especially  in  the  lowering  of 
fuel  costs  and  the  reduction  in  the  quantity  of  stand-by 
plant  necessary  under  such  schemes.  Turning  to  the  question  of 
fuel,  the  author  remarked  that  great  difficulty  had  been  expe- 
rienced by  both  gas  and  electricity  supply  undertakings 
during  the  past  year  in  obtaining  their  necessary  supplies  of 
fuel  even  where  it  could  be  proved  that  practically  the 
whole  output  was  for  war  work.  Very  meagre  assistance 
had  been  obtained  from  the  Government.  The  Act  for 
limiting  prices  at  the  pit  had  been  of  little  real  value  to 
many,  and  they  heard  in  many  quarters  of  colliery  companies 
evading  its  provisions.  There  was  no  doubt  tliat  additional 
legislation  was  required  to  enable  electricity  stations  to 
obtain  coal  in  sufficient  quantities  for  their  needs  and 
at  reasonable  prices.  The  fuel  procurable  to-day  was 
inferior  to  that  obtained  before  the  war  from  the 
same  pits,  because  of  the  greater  percentage  of  the  dirt 
content.  Indeed,  a  large  proportion  of  the  total  fuel  now 
offered  was  until  recent  years  unsaleable.  During  the  late 
coal  strike  more  than  one  large  electricity  undertaking  was 
only  enabled  to  keep  running  by  burning  fuel  which  had  been 
thrown  on  the  rubbish  tip  in  the  preceding  years.  The 
present  high  prices  of  fuel  had  caused  colliery  managers  to 
recognise  more  fully  the  very  great  waste  that  undoubtedly 
had  taken  place  at  many  pits.  As  much  as  from  10  per  cent, 
to  15  per  cent,  of  the  total  output  from  some  mines  had  in 
the  past  been  left  in  the  mines,  as  being  too  small  to  warrant 
raising  to  the  surface.  Government  control  should  in  future 
obviate  that  wastage  of  our  great  national  asset.  The  high 
prices  now  obtaining  for  all  classes  of  fuel  undoubtedly  called 
for  the  more  efficient  management  of  boiler- houses.  The 
indippensability  of  the  analytical  cTiemists  in  electri- 
city undertakings  of  any  magnitude  was  not  yet  suffi- 
ciently recognised.  Only  by  regular  testing  could  one 
ensure  getting  fuel  of  anything  approaching  constant 
quality  from  most  collieries,  and  the  knowledge  that 
such  tests  were  made  was  usually  sufficient  to  make  contrac- 
tors careful  in  sending  supplies  to  works  where  that  practice 
was  followed.  Nor  should  the  cliemist/s  effort's  be  confined 
to  raw  fuel  tests.  He  should  be  responsible  for  the  correct 
treatment  of  the  feed  water  and  for  seeing  tViat  scale  and 
corrosion  in  the  boilers  were  prevented,  and  the  like.  The 
large  power  station  of  the  future  would,  lie  observed,  proba- 
bly have  a  proportion  of  boilers  gas-fired,  the  proportion 
being  based  upon  the  load  factor  in  such  manner  tliat,  the 
extra  capital  incurred  by  the  installation  of  by-product 
recovery  plants  wouM  be  remtinerative,  and  the  by-products 
of  the  hulk  of  the  fuel  used  recovered.  Gas-firing  was  not— 
could  not  be ― a  means  of  direct  saving  of  fuel.  The  two- 
sta^e  process  of  conversion  of  coal  to  gas  and  gas  to  steam 
nmst  necessarily  involve  heat  inefficiencies  exceeding  those  in 
the  direct  conversion  of  coal  to  steam.  Skilled  analysis  and 
extensive  experience  tended  to  show,  however,  that  with  im- 
proved producers  the  aggregate  value  of  by-products  recover- 
aWe  from  coal  bv  cor.version  to  gas  equalled  or  exceeded  tlie 
original  coal  value,  and  when  extra  capital  and  labour 
charges  were  taken  into  account  the  procedure  led  to  a  sub- 
stantial rebate  on  fuel  costs.  There  were  isolated  cases  on 
record,  in  the  davs  when  slack  could  be  boug^ht  at  6s.  or  7s. 
a  ton,  where  larjre  boiler  installations  were  fired  throughout 
the  year  substantiallv  for  nothing,  and  as  the  value  of  tlie 
various  hy-prodncts  'fluctuated  largely  in  sympathy  with 
coal  values  one  miglit  expect  a  net  saving  bv  the  system  of 
between  4s.  and  7s.  per  ton  of  coal  consumed. 
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VAPORISER  FOR  INTERNAL-COMBUSTION  ENGINES. 

The  accompanying  sectional  view  shows  a  design  of  vaporiser 
for  internal-combustion  entwines,  the  invention  of  Mr.  R.  1) 
Robinson,  259,  Branstone  Road,  Burtoii-oii-Trent.  Referrintj; 
•to  the  cut,  A  is  the  vaporiser  t'haniher,  which  is  in  the  form 
of  a  tube,  and  B  is  the  jacket  which  surrounds  the  vaporiser 
tube,  so  as  to  form  an  annular  space  C  between  thein,  the 
jacket  being  fitted  with  end  plates  D，  held  together  by  bolts. 
Openings  are  provided  in  the  end  plates  for  the  insertion  of 
the  two  ends  of  the  vaporiser  tube,  metal  packing  rings  being 
provided  for  making  a  tight  joint.  The  vaporiser  is  attached 
to  the  induction  pipe  and  to  the  carburetter,  respectively,  by 
means  of  the  studs  shown.  II  is  the  inlet  for  the  exhaust 
gases  to  the  space  C，  and  F  is  the  outlet  for  the  gases  there- 
from.   J  is  a  hollow  body  of  tubular  shape,  closed  at  the  two 


Vapobiser  for  Ixtkrnal-combustion  Engines. 


ends,,  and  is  in  communication  by  the  connections  K  and  L 
with  the  annular  space  C,  so  that  a  portion  of  the  exhaust 
gases  which  enter  the  chamber  flow  through  the  hollow  body 
before  passing  to  the  outlet  F.  The  device  operates  as  fol- 
lows : The  carburetted  mixture  from  the  carburetter  is 
drawn  into  the  induction  pipe  of  the  motor  by  the  suction 
action  of  the  latter  through  the  vaporiser  pipe  or  chamber  A 
in  the  direction  of  the  arrows,  the  exliaust  gases  at  the  same 
time  flowing  through  the  inlet  pipe  H  into  the  annular  cham- 
ber C，  and  thence  through  the  outlet  F，  a  portion  of  the  gases 
passing  through  the  hollow  body  J.  It  is,  therefore,  obvious 
that  the  carburetted  mixture  in  its  passage  through  the 
vaporising  chamber  A  comes  into  coutact  with  the  hollow 
body  which  has  reached  a  considerable  temperature  through 
the  medium  of  the  exhaust  gases,  so  that  the  volatile  portion 
of  the  carburetted  mixture  is  completely  vaporised  before 
passing  into  the  induction  pipe.  The  vaporiser  described  is 
particularly  suitable  for  vaporising  petroleum,  although  it  is 
also  applicable  for  the  vaporisation  of  lighter  hydrocarbons ；. 


THE  PREVENTION  OF  CRANE  ACCIDENTS, 

BY  F.  H.  ELAM. 

In  spite  of  the  fact  that  engineers  and  niaiiufacturers  have 
devoted  their  best  efforts  for  years  to  the  design  aud  con- 
struction of  cranes  that  will  efficiently  and  safely  perform 
the  work  for  which  they  are  intended,  there  is  still  a  large 
element  of  danger  in  the  daily  operation  of  this  kind  of 
equipment.  Even  the  manager  of  a  new  plant,  equipped  with 
the  latest  type  of  cranes,  is  not  relieved  from  troubles  due  to 
accidents,  for  although  the  equipment  is  perfect  in  every 
respect,  there  is  still  an  opportunity  for  man  failure.  The 
human  machines  that  operate  and  repair  this  up-to-date 
equipment  are  uot  standard  and  never  will  be.  Guards  will 
be  removed  during  repairs  and  not  replaced,  or  safety  devices 
will  not  be  used  according  to  instructions,  and  these  and 
other  failures  and  omissions  will  cause  workmen  to  be  injured 
and  possibly  killed.  The  plant  manager  will  have  to  call 
upon  his  resources  of  fortitude  and  patience  to  keep  from 
losing  faith  in  the  efficacy  of  safety  endeavour.    As  in  other 

•  Paper  presented  at  fifth  annual  safety  congress  of  tbe  National  Safety  Council, 
Detroit,  U.S.A.,  October  17th  to  20th,  1916. 


e([uii)iiienl,  every  niovablo  part  on  a  cruiie  sliould  be  guarded, 
li*  some  part  that  seems  to  be  protected  by  its  inacccHsihilily 
is  k'fi  unguarded  the  foreman  is  iikely  a  I  any  time  to  have 
cause  t  licit  will  warrant  his  subscribing  to  the  theory  of  the 
late  Air.  Darwin  when  some  、voikman  proceeds  to  qualify, 
both  physically  and  iiieiitally,  as  a  missing  link  by  climbing 
to  t  hat  |)articular  place  and  satisfies  his  curiosity  to  see  if 
the  thing  really  moves,  with  results  that  arc  usually  painful 
to  himself  and  to  his  employer. 

A  reference  would  not  have  been  made  to  this  type  of 
workman  if  it  was  not  a  fact  that  it  is  such  workmen  wlio 
resist  all  efTorts  to  provide  for  their  safety  by  refusing  to 
follow  safety  instructions,  by  removing  guards,  and  even 
destroying  them.  There  seems  to  be  a  disposition  to  ignore 
or  overlook  this  situation  and  to  continually  lay  stress  upon 
the  duties  of  the  employer.  The  employer  has  a  duty  to 
perform  regarding  safety  that  only  he  can  discharge,  and  it 
is  firmly  believed  that  he  is  perfomiing  with  far  more  earnest- 
ness and  sincerity  than  the  rank  aud  file  of  his  employes  are 
performing  and  discharging  their  duty  regarding  safety  for 
their  neighbours  and  themselves.  The  employer  is  decidedly 
at  a  disadvantage  in  dealing  with  this  situation,  because  the 
workmen  are  usually  not  recognised  as  being  unduly  careless 
until  an  accident  has  occurred.  The  damage  has  then  been 
done,  and  it  is  too  late  to  do  anything  except  patch  him  up 
and  pay  the  costs. 

The  trolley  is  the  seat  of  the  vitals  of  a  crane,  and  should 
be  so  constructed  and  guarded  that  loose  or  broken  parts 
cannot  drop  through,  endangering  the  men  below,  and  that 
men  cannot  be  injured  by  the  moving  parts.  The  various 
parts  of  the  trolley  should  be  easy  of  access  for  repairing  and 
cleaning. 

Brake  maguet  plungers  and  counterweights  seem  to  have 
an  uncanny  faculty  of  becoming  iinattached  and  falling  at 
the  exact  moment  that  a  workman  is  in  the  proper  position 
to  receive  them  on  his  head,  and  should,  therefore,  be  securely 
fastened  or  guarded.  Two-member  hinged  guards  should  be 
used  wherever  possible  for  gears,  and  should  be  securely 
fastened  to  the  trolley  frame.  Main  and  auxiliary  hoists 
should  be  equipped  with  effective  limit  switches,  which  should 
be  kept  in  perfect  repair.  Cables  should  .  be  used  as  the 
hoisting  agents,  and  the  use  of  the  chain  should  be  dis- 
couraged, as  cable  has  many  times  the  safety  factor  that  chain 
has，  besides  being  cheaper.  Bridge  and  trolley  wheels  should 
be  guarded  by  stii'rup- type  sweep  guards.  The  use  of  wire 
brushes  for  this  purpose  should  be  prohibited,  for  the  reason 
that  if  adjustment  is  not  perfect,  the  brush  is  likely  to  clamp 
a  hand  or  foot  to  the  runway  rail  instead  of  pushing  it  away. 

Crane  walks  should  be  substantially  built  and  should  be 
above  the  bridge  drive  shaft  if  possible.  If  this  is  not  pos- 
sible, tlie  shaft,  motor,  gears,  &c.，  should  be  safely  guarded. 
The  walk  decking  preferably  should  be  of  chequered  steel 
plating.  Railings  should  be  substantial  and  of  proper  height 
with  a  toeboai'd  to  prevent  tools  of  repairmen  and  other 
objects  from  falling. 

Crane  cabs  or  cages  should  be  coniniodious  and  equipped 
with  proper  railings,  toeboards,  enclosed  resistances,  switches 
that  can  be  quickly  cut-out,  and  that  can  be  locked  while 
repairs  are  being  made.  All  controller  levers,  counterweights, 
&c'.，  should  be  securely  fastened  to  prevent  parts  from  becom- 
ing loose  and  falling;. 

A  craneman  should  never  be  allowed  to  operate  a  crane 
until  he  lias  passed  a  satisfactory  physical  examination,  and 
is  known  to  be  free  from  physical  defects,  and  is  not  addicted 
to  the  use  of  drugs  or  alcoholic  liquors.  He  should  be 
thoroughly  acquainted  with  every  detail  of  the  crane  equip- 
ment', and  understand  the  proper  uses  of  same.  Craiiemen 
should  never  attempt  to  make  adjustments  of  any  kind  while 
the  crane  is  in  motion,  A  craneman,  in  violation  of  this  rule, 
was  running  a  crane  equipped  with  a  sandbox.  The  sand 
was  not  running  as  freely  as  he  desired,  and  he  reached  up 
while  the  crane  was  in  motion  to  shake  the  discharge  pipe, 
and  the  bridge  wheel  ran  on  the  projecting  end  of  a  finger 
of  his  glove  and  before  he  could  jerk  his  hand  away  the  wheel 
crushed  off  the  end  of  several  fingers. 

Repairing  or  oili'ig  i^hoiild  not  be  allowed  whiJe  cranes 
are  in  operation.  "Workmen  performing  these  operations 
should  place  their  lock  on  the  cui>out  switch  to  eusure  their 
safety  aud  the  safety  of  others,  and  the  lock  should  remain 
there  until  the  work  is  completed.    An  instance  may  be  cited 
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wherein  a  repair  gang  was  working  on  a  crane  trolley,  but 
had  not  locked  the  cut-out  switch.  Before  the  repairs  were 
completed  a  hurrv-up  call  came  to  repair  a  crane  that  had 
broken  down  "while  pouring  a  heat,  and  the  gang  quit  work 
on  the  first  crane  to  go  to  the  second  one,  leaving  a  gear  from 
the  trolley  lying  on  top  of  the  girder.  The  men  lei't  no  sign 
or  other  notice  that  the  job  was  uncompleted.  Before  the 
repair  gang  returned,  the  crane  was  needed  and  a  craiiernan 
was  ordered  into  the  cab,  and  he  started  to  move  the  crane 
trolley,  with  the  result  that  the  gear  lying  on  the  girder  was 
brushed  off,  and  fell  on  the  head  of  a  workman  below. 

It  is  interesting  to  know  that  such  accidents  seldom  result 
from  a  single  cause,  but  are  usually  the  result  of  a  train  of 
failures  to  do  the  proper  thing.  Cranes  should  be  inspected 
daily  by  someone  who  is  assigned  regularly  to  that  work,  and 
a  craneman  should  no  more  think  of  starting  on  the  work 
of  his  turn  without  giving  his  crane  an  inspection  than  a 
locomotive  engineer  would  think  of  starting  on  a  run  without 
inspecting  his  locomotive. 

In  making  repairs  to  cranes,  repair  men  frequently,  in 
carrying  repair  parts  to  the  crane,  travel  along  the  crane 
runways.  This  practice  should  be  discouraged,  if  possible, 
and  other  means  or  routes  should  be  taken,  as  this  is  one  of 
the  points  where  serious  accidents  frequently  occur.  If  this 
practice  cannot  be  obviated,  every  precaution  possible  to 
prevent  an  accident  should  be  taken,  and  sufficient  warning 
or  notice  to  all  the  crane  operators  on  the  runways  should  be 
given. 

It  is  frequently  necessary  for  workmen  to  be  on  portions 
of  crane  runways  while  installing  equipment  iii  a  shop. 
When  this  occurs  the  portion  of  the  runway  in  use  should  be 
protected  by  clamps  attached  to  the  runways  that  will 
prevent  cranes  from  running  to  that  position,  and  constant 
vigilance  by  foreman  and  safety  ir.en  should  be  exercised  to 
see  that  such  precautions  are  maintained  at  all  times. 

In  installing  a  set  of  swing  girders  in  a  certain  shop,  it 
was  found  necessary  to  attach  shafting  to  the  bottom  of  the 
girders  supporting  the  crane  runway.  The  work  was  being 
done  after  the  regular  work  hours  in  that  department,  and 
all  parties  had  been  notified  every  time  the  work  was  under- 
taken and  clamps  had  been  attached  to  crane  runway  rails. 
The  work  was  nearly  finished,  and  on  the  last  evening  the 
erecting  men  concluded  that  they  would  not  take  the  trouble 
to  put  on  the  clamp  stops  as  things  seemed  quiet  in  the  shop. 

The  foreman  in  the  shop  had  occasion  to  move  a  casting 
and  ordered  a  man  up  into  a  crane  wlio  was  not  regularly 
employed  in  that  portion  of  the  shop,  and  he  knew  nothing 
of  the  work  that  was  being  clone  on  the  crane  runway.  The 
crane  was  started,  and,  as  there  was  no  warning  signals,  the 
crane  operator  did  not  observe  the  workmen  on  the  opposite 
runway  from  the  cab,  and,  thers  being  no  stops  on  the  rail, 
he  ran  into  the  men  before  they  could  get  out  of  the  way  or 
before  he  could  stop  the  crane,  killing  one  man  and  seriously 
injuring  another. 

All  chains  used  in  connection  with  cranes  should  be  care- 
fully adapted  to  the  need  of  the  service  that  they  are  to  be 
used  in,  ami  should  be  made  of  the  best  grade  of  iron  ohl'aii]- 
able.  Most  shops  are  short  on  crane  service,  and  to  overcome 
lliis  shortage  heavier  loads  are  haiidled  tliaii  should  be.  To 
do  this  longer  chains  are  constantly  beiii^  slipped  into  service 
})y  the  shop  foreman,  witli  the  result  that  workmen  are  in 
constant  danger  of  an  accident  due  to  a  failure  of  one  of  the 
strained  links.  Most  chains  are  made  of  lighter  material 
than  should  be  allowed  for  the  loads  that  are  to  be  handled. 
For  these  reasons  if  careful  attention  is  paid  to  the  lengtli 
of  tli3  cliaiiis,  and  if  they  are  kept  as  short  as  possible,  a 
safety  feature  is  established  that  is  not,  always  recognised . 
An  easy  way  to  deterinijie  wliethor  chains  are  strong  enough 
for  the  service  required  is  to  anneal  the  chains.  If  after  an- 
iiealiiig  the  chain  links  continue  to  hold  their  original 
colli  our  or  shape  in  service  it  is  certain  that  the  chain 
is  strong  enough.  If  the  links  become  elongated,  and  the 
chain  as  a  result  becomes  ropy  or  stiff,  tlie  chain  is  not  as 
s"'o"g  as  it  should  be.  Tliis  test  is  the  only  reason  for  an- 
nealing chains.  Most  crane  sling  and  hook  chains  in  foundry 
service  are  made  of 艮 in.  stock  which  is  a  handy  size  to  grasp 
and  is  easily  handled  by  the  cliaiiiinaii. 

When  a  chain  couies  from  the  rn aker  ilio  links  have  a 
property  or  c|ualit y  that  has  been  imparted  to  the  metal  in 
the  manufacture  that  seems  to  be  what  may  be  termed  a 


temper,  although  the  carbon  contents  of  the  iron  or  steel  is 
so  low  that  it  is  negligible.  When  a  link  of  this  new  chain 
breaks,  it  snaps  without  warning,  and  with  a  crystalline  frac- 
ture which  shows  that  it  has  hardness.  Take  two  pieces  of 
new  chain  and  anneal  one,  then  pull  both  on  the  testing 
machine,  and  the  annealed  piece  will  show  far  more  eloiiga- , 
tion，  and  will  break  with  a  fibrous  fracture,  giving  visible 
warning  before  breaking;  the  unanuealed  piece  of  chain  will 
show  tensile  strength  of  several  hundred  pounds  over  the 
annealed  piece,  but  will  break  "witli  very  little  elongation  and 
without  warning.  This  extra  strength  is  a  false  element  and 
is  the  cause  of  many  accidents. 

It  is  the  opinion  of  the  writer  that,  annealing  does  not 
correct  defects  in  chains,  unless  they  have  been  subjected  to 
overheating,  and  that  seldom  occurs  in  foundry  practice. 
Annealing  does  not  mend  or  cause  the  minute  separations 
that  follow  overloading  to  reunite,  and  the  annealing  of  a 
chain  would  never  be  attempted  if  it  ^was  not  for  the  fact 
that  aiiuealiiig-  removes  this  false  element  of  strength,  due 
to  hardness,  and  reveals  the  fact  that  light  weight  chains  are 
being  used  in  such  a  way  that  foremen  aud  men  cannot  over- 
look the  evidence. 

The  use  of  chains  is  always  attended  with  danger  on 
accouiit  of  the  links  parting  without  notice,  pinching  the 
hands  and  fingers  of  chainmen,  and  causing  other  injuries. 
The  person  who  finds  a  way  to  use  cable  for  sling"  material 
will  be  a  public  benefactor.  To  prevent  an  injury  to  the 
hands  of  chainmen  the  use  of  leather  mitts  should  be 
encouraged,  as  the  mitts  prevent  the  fingers  from  getting  into 
the  links,  and  allows  the  hand  to  be  withdrawn  if  the  mitt  is 
caught  at  any  time. 

As  has  been  previously  stated,  there  is  a  tendency  to 
handle  excessive  loads,  and  care  and  constant  supervision  are 
necessary  to  prevent  this  practice.  If  there  is  any  uniformity 
of  the  materials  to  be  handled,  this  simplifies  the  matter 
greatly.  Chainmen  should  be  instructed  never  to  lift  a  mis- 
cellaneous load ― such  as  different  sized  flasks ― if  it  can  be 
avoided,  and  the  craneman  should  be  instructed  to  refuse  to 
move  a  load  that  he  considers  dangerous.  This  rule  may 
cause  some  friction,  but  it  is  better  to  be  safe  than  sorry,  as 
the  slogan  goes. 

A  proper  method  of  communication  between  chainmen 
and  cranenien  is  one  of  the  essentials  in  crane  operation.  If 
chaiinnen  work  in  pairs  there  should  be  a  senior  chainman, 
who  should  give  all  signals,  and  the  craneman  should  take 
signals  from  him  only.  Many  shops  provide'  whistles  for  the 
chaiiunan  to  give  signals  with,  but  signals  given  manually 
are  preferable,  especially  if  more  than  one  crane  is  in  opera- 
tion in  a  shop  at  a  time,  as  there  is  less  likelihood  of  a 
wrong  signal  being  given  or  of  the  signal  being  misunderstood. 

Some  cranemen  seem  to  be  unfortunate  in  that  they  have 
more  accidents  than  their  fellow-workmen.  A  record  of  acci- 
dents under  each  craneman,  when  analysed,  will  often  reveal 
where  the  cause  of  this  seeming  misfortune  lies,  and  it  will 
usually  be  demonstrated  that  the  unfortunate  craneman  is 
an  inefficient  one.  To  obtain  efficient  crane  service,  it  is 
necessary  tliat  ca-reful  attention  to  all  the  details  of  crane 
operation  be  given,  and  cranemen,  chaintiien,  and  others 
must  follow  without  deviation  the  rules  that  are  adopted  for 
their  guidance  and  government,  if  accidents  are  to  be 
prevented.  ， 


Preparation  of  Bituminous  Coal  in  Illinois.— An  extensive 
study  of  the  methods  employed  in  the  preparation  of  bitumi- 
nous coal  at  Illinois  mines  has  been  made  by  the  Engineering 
Experiment  Station  of  the  University  of  Illinois.  The  data 
and  information  whicli  have  required  several  years  to  compile 
have  been  tal);ilated  and  analysed  by  Prof.  E.  A.  Holbrook, 
and  are  now  publislied  as  Bulletin  88  of  tlie  Engineering 
Experiment  Station.  The  results  are  sub-divided  into  (a) 
evolution  of  present  preparation  practice, .  (h)  standard  types 
of  tipples  or  preparation  plants,  (c)  impurities  and  breakage 
of  coal,  making  preparation  necessary,  (d)  sizing  and  sizes  of 
Illinois  coal.  A  record  is  presented  of  the  yearly  production 
of  the  different  sizes  of  coal  in  Illinois  over  a  period  of  35 
years,  agreements  between  operators  and  miners  as  affecting 
preparation  are  discussed,  ami  I'equii'eipent.s  for  standardisa- 
tion are  studied.  Copies  of  the  bulletin \iiay  be  obtained  upon 
application  to  W.  F,  M.  Goss，  director,  Urbana,  Illinois. 
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LOCOMOTIVE  FIREBOX  EFFICIENCY.* 

ItY  J.  T.  ANTHONY. 

OliDiNARiiA'  in  speaking  of  locomotive  boiler  efficiency,  we 
iiave  ill  mind  the  overall  efficiency  of  the  entire  boiler.  This 
depends  on  the  rates  of  the  heat  coiitaiiuHl  in  t'lie  steam  geue- 
rated  to  total  heat  in  the  coal  as  fired.  Such  a  definition  makes 
no  distinction  between  the  heating  surface  efficiency  and 
t'uniaoe  efficiency,  nor  does  it  locate  the  did'erent  heat  losses 
and  charge  them  to  their  true  sources. 

In  order  to  make  an  intelligent  study  of  the  locomotive 
boiler,  with  a  view  to  possible  improvement,  it  is  necessary 
that  we  consider  separately  the  functions  of  the  furnace  and 
the  heating  surfaces.  Primarily,  it  is  the  function  of  the 
furnace  to  liberate  the  heat  contained  in  the  coal  and  make  it 
available  for  absorption.  Furnace  efficiency  then  would  be  the 
ratio  of  the  heat  liberated  to  heat  contained  in  the  coal.  It 
is  the  function  of  the  heating  surfaces  to  take  up  the  heat  so 
liberated  and  convert  the  water  into  steam  ；  the  efficiency  of 
the  heating  surfaces  being  measiired  by  the  ratio  of  tlie  heat 
absorbed  to  the  heat  available  for  absorption,  though  we  might 
say  in  passing  that  this  is  not  the  true  heating  surface 
efficiency  since  part  of  the  heat  liberated  in  the  furnace  is  not 
available  for  absorption  by  the  heating  surfaces. 

Firebox  efficiency  "  is  a  term  more  difficult  to  define  ; 
for  the  firebox  performs  not  only  the  functions  of  the  furnace 
in  liberating  heat,  but  it  also  contains  part  of  the  heating 
surfaces  and  absorbs  a  material  portion  of  the  heat  liberated. 
It  is  easier  to  determine  the  efficiency  of  the  furnace  and 
grates  than  it  is  to  determine  the  efficiency  of  the  firebox 
iieating  surfaces.  However,  it  is  the  main  function  of  the  fire- 
box to  liberate  the  heat  contained  in  the  coal  ；  and,  as  will  be 
shown  later,  the  efficiency  with  which  it  does  this  will  have  a 
very  material  effect  upon  the  efficiency  of  the  firebox  heating 
surfaces. 

The  chart,  Fig.  1，  shows  in  a  general  way  distribution  of 
the  heat  losses  on  a  modern  locomotive  equipped  with  brick 
arch  and  superheater,  and  burning  a  high  volatile  coal,  under 
hand- fired  conditions.  The  figures  at  the  left  show  the  per- 
centage of  the  heat  lost  or  absorbed  ；  while  those  at  the  bottom 
sliow  the  pounds  of  coal  fired  per  square  foot  of  grate  surface 
per  hour.  It  will  be  noted  that  as  the  rate  of  combustion 
increases,  the  heat  losses  increase. 

Losses  due  directly  to  the  furnace  can  be  su nniiarised  as 
follows  ：  First,  incomplete  combustion  and  the  formation  of 
carbon  monoxide  :  second,  sparks  and  cinders  ；  third,  combusti- 
ble in  asli  ；  and  fourth,  radiation  and  unaccounted  for.  It  is 
very  clear  that  the  losses  due  to  incomplete  combustion,  sparks 
and  cinders,  and  combustible  in  ash  can  be  charged  directly 
to  the  furnace,  as  Ihey  represent  a  part  of  the  heat  in  the  coal 
that  is  not  liberated  by  the  furnace. 

It  is  possible  that  a  large  proportion  of  the  lieat  loss  due 
to  radiation  and  Luiaccounted  for  can  also  be  directly  attri- 
buted to  the  furnace.  Radiation  losses  from  a  well-lagged 
boiler  shell  are  not  great.  The  radiation  losses  from  tlie  fuel 
bed  through  the  grates  into  the  ash  pan  are  difficult  to  deter- 
mine. It  is  possible,  however,  tliat  owing  to  the  interference 
of  the  grates  and  to  the  inrush  of  cold  air  through  the  grates, 
this  loss  also  is  small.  The  unaccounted-for  losses  are  those 
due  to  the  escape  of  unburned  hydro-carbon  gases  which  are 
not  detected  by  the  ordinary  gas  analysis  ；  and  to  possible 
errors  that  do  not  account  for  all  the  losses  due  to  incomplete 
combustion,  sparks,  cinders,  &c\ 

If  we  ignore  the  losses  due  to  radiation,  the  sum  of  the 
losses  enumerated  will  represent  the  total  heat  loss  due  to 
the  furnace  ；  and  tlie  furnace  efficiency  line,  as  indicated  in 
Fig.  1，  will  run  from  about  95  down  to  60  per  cent,  at  the 
highest  rate  of  combustion.  In  other  words,  in  burning  301bs. 
of  coal  per  square  foot  of  grate  per  hour,  the  furnace  will 
liberate  95  per  cent,  of  the  heat  contained  in  the  coal  ；  while 
when  burning  coal  at  the  rate  of  ISOlbs.  of  coal  per  square 
foot  of  grate  per  hour,  the  furnace  will  liberate  only  60  per 
cent,  of  the  heat  contained  in  the  coal. 

Tlie  boiler  efficiency  line,  shown  as  running  from  80 
down  to  40  per  rent.,  represents  the  amount  of  heat 
absorbed  by  the  boiler  and  contained    in   the  steam.  The 

*  Paper  read  before  the  Eichmond  ( U.S.A. )  Railway  Club,  Oetober  】6fcli,  1916. 


space  between  furnace  ofTiciency  and  boiler  eflicienry  linos 
represeiiis  i  lie  t'ront-eiKl  heat  loss  t  hat  is  partly  ('liarg(:fil>le 
to  the  heal ing  surfaces  (1  hese  Iowhos  l)eiii<(  due  io  heat  in 
the  dry  fi-oiit-end  gases)  ；  to  moist ure  in  the  air  ami  coal, 
and  to  inoistiue  formed  by  buniiii^  liydrogeii  contained  in 
the  coal. 

Since  we  are  at  present  concerned  with  the  question  of  fur- 
nace efHciency,  we  shall  briefly  study  the  diflereiit  heat  losses 
that  determine  it.  The  heat  losses  under  incomplete  combus- 
tion, allowing  the  formation  of  carbon  monoxide,  range  from 
zero  at  low  rates  of  combustion  to  8  per  cent,  at  the  rate  of 
ISOlbs.  per  square  foot  of  grate.  Of  course  it  is  understood 
tlial  this  is  an  average,  for  there  is  a  wide  variation  in  losses 
due  to  this  source.  Primarily,  we  might  say  that  the 
formation  of  carbon  monoxide  is  due  to  the  absence  of  suffi- 
cient air  or  oxygen  above  the  fire,  or  to  imperfect  mixing  of 
the  gases  in  the  combustion  chamber  space.  The  amount  of 
air  supplied  per  pound  of  coal,  other  things  being  equal  will 
vary  witli  the  thickness  of  the  fuel  bed  ；  and  as  this  tliickr'ess 
increases  with  the  rate  of  combustion,  it  follows  that  the  air 
supply  will  be  reduced  as  the  rate  of  firing  is  increased,  and 
the  chance  for  the  formation  of  CO  will  be  increased  propor- 
tionately. 

The  method  of  firing  also  has  an  important  bearing  on 
this.  With  a  liglit,  level  fire  and  coal  of  a  uniform  size,  the 
air  distiibiitiou  through  the  fuel  bed  will  be  uniform,  and 
there  will  be  a  better  chance  for  every  particle  of  combustible 
coming  in  contact  with  the  required  amount  of  oxygen,  result- 
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ing  in  complete  combustion.  If  we  have  the  conditions  of  a 
heavy  bank  of  green  coal  under  the  door  and  a  hole  in  the 
front  of  the  lire  and  no  arch,  it  is  readily  seen  that  incomplete 
combustion  and  the  formation  of  CO  is  permitted.  A  bank 
of  green  coal  under  the  door  results  in  a  large  volume  of 
hydrocarbon  gases  being  distilled  oft",  while  the  air  supply 
through  that  portion  of  the  fire  is  reduced.  Without  the 
baffling  or  mixing  furnished  by  the  arch,  tlie  tendency  is  for 
tliese  gases  to  pass  up  along  the  crown  sheet  and  into  the  top 
flues,  for  the  most  part  unburned.  A  front  end  gas 
analysis  under  these  conditions  would  show  a  large  excess  of 
oxygen,  due  to  the  large  volume  of  air  rushing  tlirough  the 
hole  ill  the  fire  ；  and  at  the  same  time  would  probably  show  a 
higli  CO  content,  due  to  incomplete  combustion  of  the  hydro- 
carbon gases  and  the  incomplete  burning  of  the  CO  formed  in 
the  fuel  bed. 

It  is  probable  tliat  air  entering  throii gli  the  grates  and 
coming  in  contact  with  the  glowing  coals  at  the  bottom  of 
tlie  fuel  bed,  first  forms  carbon  dioxide  ；  which,  on  passing  up 
through  the  fuel  bed,  is  reduced  to  carbon  monoxide  by  com- 
ing in  contact  with  other  particles  of  the  glowing  carbon. 
This  carbon  monoxide  issues  from  the  top  of  the  fuel  bed  as 
a  gas  ；  which  can  be  completely  burned  to  carbon  dioxide,  if 
brought  in  contact  with  the  necessary  amount  of  oxygen  and 
given  time  to  mix  and  buni  before  entering  the  flues.  The 
liydrocarbon  gases  driven  off  from  green  coals  thrown  on  the 
fire  consist  (as  ib.e  iianie  indicates)  of  carbon  and  hydrogen. 
The  hydrogen  lias  a  greater  affinity  for  oxygen  than  carbon  : 
and  breaks  away  from  the  carbon  a ncl  combines  with  the 
oxygen  to  form  steam.  If  there  is  ample  oxygen  present,  the 
carbon  will  also  combine  with  it  and  will  be  completely  burned 
to  carbon  dioxide.    If  the  oxygen  supply  is  insufficient,  it  will 
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be  incompletely  burned  to  carbon  monoxide  :  or  else  will  be 
thrown  down  as  solid  particles  of  carbon  which  float  in  the 
flame,  giving  it  its  bright  colour — and  eventually  escape  at 
the  front  end,  causing  smoke,  or  will  be  deposited  in  the  flues 
as  soot. 

Bituminous  coal  contains  from  25  per  cent,  to  50  per  cent, 
volatile  matter,  which  burns  above  the  fuel  bed  as  a  gas.  In 
addition,  it  would  seem  that  a  large  portion  of  the  fixed  car- 
bon on  the  grate  is-  first  coiiij)letely  burned  to  carbon  dioxide 
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Fig.  2. 

and  then  reduced  to  carbon  monoxide ― which  leaves  the  fuel 
bed  as  a  gas,  and  can  be  burned  completely,  if  mixed  with 
sufficient  oxygen.  It  is  evident,  therefore,  that  a  large  part 
of  the  fuel  burns  in  the  form  of  gas  ；  and  in  order  to  burn  it 
completely,  it  is  necessary  to  make  proper  provisions ― the 
chief  of  which  are  efficient  mixing  and  ample  combustion 
chamber  space. 

When  different  gases  are  brought  together  in  a  vessel,  they 
wiii  mix  evenly  and  uniformly  by  diiJusiou  ；  but  the  condi- 
tions that  prevail  in  a  firebox  do  uot  permit  of  such  action 
taking  place  there,  to  any  large  extent.  The  time  the  particle 
of  gas  remains  in  the  ordinary  locomotive  firebox  will  vary 
from  one-quarter  to  one-tenth  of  a  second,  depending  on  the 
amount  of  coal  being  burned,  the  volume  of  gases  being  driven 
off,  and  on  the  volume  of  the  firebox.  When  we  remember 
that  there  may  be  eight  or  nine  different  gases  issuing  from 
the  fuel  bed,  and  consider  the  volume  of  the  firebox  (which 
may  be  300  cub.  ft"  more  or  less ― generally  less),  and  the 
length  of  time  available  for  mixing,  it  becomes  very  evident 
that  we  cannot  safely  depend  upon  gases  to  mix  by  diffusion; 
and  it  is  necessary  to  mix  them  by  some  artificial  means ^ sucli 
as  an  arch. 

Spark  and  cinder  losses  will  vary  with  the  nature  of  the 
coal  and  with  the  draught.  A  run- of-mine  coal  containing  a 
large  amount  of  slack  will  produce  more  sparks  and  cinders, 
under  the  same  conditions,  than  will  a  lump  coal  free  from 
slack.  The  】arge  increase  in  sparks  and  cinders  as  the  rate  of 
firing  increases  is  due  principally  to  the  increase  in  the 
draught.  At  low  rates  of  combustion,  the  draught  is  low 
and  velocity  of  the  gases  in  theii"  travel  from  the 
fuel  bed  to  the  flues  is  relatively  low.  As  the 
rate  of  combustion  increases,  the  draught  increases 
and  the  velocity  of  gases  increases.  The  velocities 
of  the  gases  passing  tlirougli  the  locomotive  firebox  will  range 
from  100ft.  to  30ft.  per  second ― or  as  much  as  200  miles  per 
hour.  We  can  easily  imagine  the  effect  of  such  a  cyclone  upon 
the  fine  particles  of  coal ;  and  it  is  not  difficult  to  under- 
stand why  such  a  large  percentage  of  the  coal  is  picked  up  by 
this  fierce  draught  and  swept  out  of  the  firebox  througli  the 
flues,  unburned. 

The  loss  due  to  combustible  in  ash  is  small,  and  decreases 
a-i  the  rate  of  combustion  increases.    This  is  due  to  the  in- 
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creased  draught  oftei'mg  more  resistance  to  the  small  particles 
of  fuel  falling  through  the  grates.  This  loss  cannot  be  en- 
tirely eliminated,  but  can  be  reduced  to  a  minimum  by  mak- 
ing the  air  openings  througli  the  grates  of  a  size  suitable  to 
the  ])hysical  characteristics  of  the  coal  to  be  burned. 

We  have  seen  from  the  above  that  in  order  to  get  high 
furnace  efficiency  it  is  necessary  to  have  grate  area  large 
enough  to  keep  the  rate  of  combustion  low  ；  to  have  a  uniform 
and  ample  air  supply  ；  to  have  efficient  baffling  and  gas  mix- 
ing devices  ；  and  to  provide  combustion  chambers  of  ample 
proportions.  Any  increase  in  grate  area  which  enables  us 
to  carry  lighter  fires  and  thereby  enables  us  to  get  a  uniform 
air  supply,  will  be  partly  neutralised  if  insufficient  air  open- 
ings are  provided  through  the  ash  pan  and  grates.  Some 
roads  have  adopted  a  standard  of  14  per  cent,  air  openings 
through  the  ash  pan ― that  is，  ash  pan  air  openings  are  14 
per  cent,  of  the  grate  area.  This  amount  of  opening  is 
probably  sufficient  at  low  rates  of  combustion  ；  but  at  high 
rates,  draught  gauges  indicate  almost  lin.  of  vacuum  in  ash 
pans  with  this  amount  of  air  opening.  It  would  seem,  there- 
fore, that  in  order  to  get  atmospheric  pressure  in  the  ash 
pan  (which  is  desirable),  the  air  opening  in  ash  pan  should 
be  increased  to  probably  20  per  cent,  of  the  grate  area ― par- 
ticularly on  locomotives  that  are  forced  to  their  capacity. 

Let  us  now  see  what  effect  the  above-named  factors  have 
upon  the  effectiveness  of  the  firebox  heating  surfaces.  These 
heating  surfaces  receive  their  heat  by  radiation  and  by  con- 
vection, the  latter  playing  but  a  small  part.  By  "radiation," 
we  understand  that  the  heat  travels  directly  from  the  radiat- 
ing surfaces  to  the  heating  surfaces,  without  the  aid  of  any 
material  agency  ；  that  is,  the  heat  travels  by  rays  just  as  light 
does,  and  will  travel  through  a  vacuum  in  the  same  manner  as 
light.  By  "convection,"  we  are  to  understand  that  the  heat 
is  conveyed  by  means  of  some  material  agency,  such  as  air 
or  the  gases  of  combustion.  The  amount  of  heat  radiated 
to  tlie  firebox  heating  surfaces  depends  upon  the  difference 
in  temperature  between  the  radiating  surfaces  and  the  firebox 
heating  surfaces  ；  and  upon  the  area  or  extent  of  the 
radiating  surfaces.  In  a  locomotive  firebox  these  radiating 
surfaces  consist  of  the  grate,  when  covered  with  live  coals,  the 
luminous  flames,  and  the  hot  brick-work  which  it  may  con- 
tain. 

According  to  a  well-known  law,  a  hot  body  (such  as  a  fuel 
bed)  entirely  surrounded  by  a  black  body  (such  as  the  firebox 
soot  covered  sheets)  will  radiate  a  certain  amount  of  heat  per 
unit  of  time  per  square  foot  of  radiating  surface,  the  amount 
so  radiated  being  equal  to  a  constant  times  the  difference  be- 
tween the  fourth  powers  of  the  temperatures  of  the  radiating 
surfaces 


tures  are  absolute,  that  is，  temperatures  equal  to  the  ordi- 
nary temperatures^  as  read  on  the  Fahrenheit  scale,  plus 
460。.  In  studying  the  action  of  gases  under  temperature 
scientists  have  discovered  that  there  is  a  constant  relation 
between  the  temperatures  and  the  volumes.  From  this,  they 
evolved  the  theory  that  if  we  cool  a  gas  to  a  sufficiently  low 
temperature  the  volume  would  entirely  disappear,  or  become 
zero.  This  theoretical  temperature  was  called  the  "  absolute  " 
temperature.  It  is  equal  to  492"  below  freezing,  on  the 
Fahrenheit  scale,  or  4^0°  below  zero.    It  is  hardly  necessary 
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i o  say  that  1  his  absolute  ionporat \iro  lias  never  been 
reached. 

By  using  as  tlie  temperature  of  the  firebox  sheets  400" 
Fall.,  or  8(30。  absolute,  the  chart  in  Fij>*.  2  has  been  plotted 
to  show  the  B.T.U.  nidi;ded  per  minute  per  square  foot 
of  radiating  surface  at-  different  temperatures  of  the  fuel  bed. 
At  an  absolute  teinperature  of  2,100''  each  square  foot  of 
fuel  bed  radiates  500  B.T.U.  ])er  minute.  By  increasing  it 
to  3,000"  absolute  we  get  more  than  four  times  as  thucU  radia- 
tion. It  is  evident  from  this  that  a  small  increase  in  firebox 
temperature  will  have  a  marked  effect  upon  the  am ount  of 
heat  radiated  and  upon  the  evaporation,  and  while  a  reduc- 
tion in  the  temperature  of  the  firebox  heating  surfaces  will 
also  increase  the  amount  of  heat  radiated  it  does  so  to  a 
very  iinxcli  smaller  extent,  and  the  opportunity  for  increasing 
I  lie  firebox  evaporation  by  reducing  the  temperature  of  the 
heating  surfaces  is  very  small.  The  principal  means  of 
increasing  firebox  evaporation  is  by  increasing  the  tempera- 
ture of  the  radiating  surfaces,  or  by  increasing  their  area. 
From  this  it  follows  that  increasing  firebox  heating  surfaces 
without  increasing  heat-radiating  surfaces  will  have  little 
effect  upon  the  firebox  evaporation. 

Flame  radiates  heat  ；  and  it  would  be  a  logical  supposition 
that  increasing  the  mass  of  flame  in  the  firebox  would  increase 
the  amount  of  radiant  heat  given  off.  Such  seems  to  be  the 
case.  Increasing  firebox  heating  surfaces  generally  increases 
firebox  volume.  This  can  be  accomplished  by  increasing  the 
depth  or  width  of  the  firebox,  or  by  adding  combustion  cham- 
bers. The  amount  of  flames  in  a  firebox  will  depend  primarily 
upon  the  amount  of  combustible  gas  being  driven  off,  the  air 
supply,  and  the  volume  of  the  firebox.  If  the  amount  of  gas 
being  burned  is  sufficient  to  complstely  fill  the  firebox  with 
flame,  the  effective  flame-radiating  surfaces  will  practically 
equal  the  exposed  heating  surfaces  of  the  firebox.  In  other 
words,  when  the  firebox  is  completely  filled  with  flame  the 
flame-radiating  surfaces  can  be  couside^'ed  as  an  envelope  or 
film,  virtually  in  contact  with  the  firebox  heating  surfaces 
at  all  points.  If  these  conditions  are  fulfilled  it  follows  that 
the  area  of  tlie  flame-radiating  surfaces  will  equal  the  area 
of  the  firebox  heating  surfaces. 

As  we  have  seen,  increasing  the  heating  surfaces  increases 
the  volume,  and  if  this  added  volume  is  filled  with  flame 
the  increase  in  radiating  surfaces  is  proportionate  to  the 
increase  in  heating  surfaces.  If  the  additional  volume  so 
gained  ie  not  filled  with  flame,  there  will  be  little  or  no 
increase  in  firebox  evaporation ― though,  of  course,  any 
increase  in  volume  promotes  combustion  of  the  gases  and 
adds  to  the  efficiency  of  the  firebox.  The  effect  of  the  heat 
radiated  by  flames  on  firebox  evaporation  is  graphically 
shown  by  the  chart  in  Fig.  3.  In  this  test  the  same  boiler 
was  tried  out  with  fuel  oil,  high  volatile  coal,  and  low  vola- 
tile coal,  and  an  accurate  determination  was  made  of  the 
amount  of  steam  evaporated  by  the  firebox  heating  surfaces, 
and  the  tube-beating  surfaces,  in  each  case. 

In  order  to  make  these  different  fuels  strictly  comparable 
the  data  have  been  plotted  on  the  basis  of  millions  of  B.T.U. 
fired  per  hour,  and  the  equivalent  evaporation  figured  in 
pounds  per  hourpermillion  B.T.U.  contained  in  the  fuel.  It  will 
be  noticed  that  the  fuel  oil  gives  a  very  much  higher  firebox 
evaporation  per  heat  unit  contained  than  do  the  high  volatile 
or  low  volatile  coals.  The  high  volatile  coal  ranks  second, 
while  tlie  low  volatile  coal  is  last.  In  the  case  of  the  oil,  the 
heat  was  radiated  from  the  flames  and  the  brickwork  in  pan. 
With  the  high  volatile  coal,  the  heat  was  radiated  from  the 
fuel  bed  and  from  the  long  flames.  With  the  low  volatile 
coal,  the  heat  was  radiated  from  the  fuel  bed  and  the  flames, 
which  were  shorter  and  more  limited  in  extent.  The  higher 
evaporation  obtained  with  the  oil  may  also  be  partly  ex- 
plained on  the  score  of  higher  temperatures,  and  the  efficient 
burning  of  the  oil,  resulting  in  small  heat  losses,  and  tlie 
utilisation  of  practically  all  the  lieat  contained  in  the  oil 
for  evaporative  purposes.  Wlien  using  coal,  the  heat  losses 
are  considerably  higher,  and  this  would,  of  course,  tend  to 
reduce  the  number  of  heat  units  available  in  the  firebox  for 
producing  steam. 

The  curves  in  Fig.  4  show  tlie  equivalent  evaporation  per 
hour  from  the  firebox  heating  surfaces,  tube  heating  surfaces, 
and  total  boiler  heating  surfacea,  as  the  rate  of  combustion 
increases  from  301bs.  to  1501bs.  of  coal  per  square  foot  of 
grate  per  hour.    This  boiler  bad  58  sq.  ft.  of  grate,  175  sq.  ft. 


of  exposed  firehox  heatiiiq'  surfaces,  and  2,800  8q.  ft.  of  iube- 
lieating  surfaces.  It  will  be  noted  that  at,  the  low  ralo  of 
30 lbs.  of  coal  per  square  foot  per  hour  fi  rebox  evaporation 
was  50  per  cent,  of  the  total,  while  at  the  higher  rates  it  was 
less  than  30  per  cent.  Tins  is  due  to  the  fact  that  firebox 
temperature  increases  slowly  as  the  rate  of  combustion 
increases  ；  and,  finally  reaches  a  point  where  any  furilier 
increase  in  the  amount  of  coal  fired  would  cause  a  reduction 
in  temperature  due  to  the  inability  of  the  furnace  to  burn  it, 
and  a  consequent  reduction  in  firebox  evaporation.  The 
fuel  bed  radiating  surfaces  remain  constant,  but  as  the  rate 
of  combustion  increases  the  mass  of  flames  increases,  up  to 
a  certain  point.  Wlien  the  firebox  is  completely  filled  with 
flame,  it  is  obvious  that  no  further  increase  in  evaporation 
can  be  obtained  from  this  source. 

Tube  evaporation  depends  upon  the  weight,  temperature, 
and  density  of  the  gases  passing  through.  As  the  rate  of 
combustion  increases,  the  temperature  increases  slightly,  with 
a  consequent  decrease  in  density,  and  the  weight  increases 
almost  in  proportion  to  the  increase  in  the  amount  of  coal 
fired.  That  the  tube  evaporation  is  not  exactly  proportion- 
ate to  the  amount  of  coal  fired  is  due  to  the  fact  that  as  the 
rate  of  combustion  increases,  the  air  supply  per  pound  of 
coal  decreases,  resulting  in  decrease  in  the  weight  of  the 
gases  evolved  per  pound  of  coal. 

Heat  losses  increase  rapidly  at  the  higher  rates  ；  and  the 
amount  of  coal  fired  to  the  amount   of   coal   burned  varies 
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quite  widely.  At  the  rate  of  1201bs.  of  coal  per  hour,  the 
curve  indicates  that  the  firebox  had  an  equivalent  evapora- 
tion of  14，5001bs.  of  water  per  hour.  If  we  assume  that  the 
average  temperature  of  the  fuel  bed  at  this  rate  of  combus- 
tion is  2,140°  Fall,  or  2,600°  absolute  (which  is  about  as  high 
as  we  can  expect  under  average  conditions),  about  1,200 
B.T.U.  will  be  radiated  per  minute  from  each  square  foot 
of  the  radiating  surfaces. 

In  a  given  case  the  grate  area  was  58  sq.  ft.,  covered 
with  incandescent  fuel,  to  which  should  be  added  Ihe  flame- 
radiating  surfaces.  The  exposed  firebox  heating  surface  was 
about  175  sq.  ft"  and,  as  the  firebox  was  not  equipped 
with  an  arcli  or  baffle  of  any  sort,  it  was  not  completely  filled 
with  flame.  It  was  assumed  that  this  flame-radiating  surface 
was  75  per  cent,  of  the  exposed  firebox  heating  surface,  or 
130  sq.  ft.  This,  added  to  the  58  sq.  ft.  of  grate  area,  gives 
188  sq.  ft.  of  radiating  surface,  which  is  radiating  1,200  heat 
units  per  minute,  or,  the  total  amount  of  heat  radiated  per 
hour  will  be  more  than  13:;-  million  B.T.U.,  which  is  sufficient 
to  give  an  equivalent  evaporation  of  14,0001bs.  of  water. 
This  leaves  a  difference  of  about  50Clbs.  of  water,  which 
can  be  ascribed  to  heat  taken  up  by  convection,  or  by  the 
actual  contact  of  the  hot  gas  with  the  firebox  heating  sur- 
faces. This  may  seem  to  be  an  abnormally  small  amount  of 
heat  to  be  taken  up  by  convection,  but  it  should  be  remem- 
bered that  in  order  to  get  the  heat  fiom  the  gases  into  the 
heating  surfaces  it  is  absolutely  necessary  to  bring  the  mole- 
cules of  hot  gas  into  actual  contact  vith  the  heating  sur- 
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faces  ；  and  to  do  this,  it  is  necessary  to  break  up  the  gas 
into  small  streams,  completely  surrounding  these  small 
streams  witli  cooler  heating  surfaces. 

The  above  conditions  are  not  fulfilled  in  tlie  locomotive 
firebox.  The  cross-section  area  of  the  firebox  and  gas  stream 
is  so  great,  and  its  length  is  so  short  compared  to  the  actual 
firebox  heating  surfaces,  that  the  amount  of  heat  taken  up 
by  convection  becomes  almost  negligible.  The  fact  that  gases 
in  the  firebox  are  high  in  temperature  lias  but  little  value, 
for  the  high  temperature  is  of  no  benefit  unless  the  gases 
can  be  brought  into  actual  contact  with  the  heating  surfaces. 

It  is  evident  from  the  foregoing  that  the  factors  which 
tend  to  increase  the  effectiveness  of  the  firebox  as  a  heat 
liberator  also  increases  its  effectiveness  as  a  heat  absorber. 
Increasing  tlie  grate  area  and  reducing  the  rate  of  combus- 
tion reduces  the  cinder  losses  and  makes  it  possible  to  carry 
a  lighter  fire,  thereby  securing  a  more  innform  air  supply  and 
better  combustion.  At  the  same  time,  an  increase  in.  the 
grate  area  increases  the  radiating  surface  and  thereby  in- 
creases the  firebox  evaporation.  Increasing  the  firebox 
volume  by  adding  a  combustion  chamber  promotes  .  the 
combustion  of  the  gases  and  reduces  the  heat  losses  due  to 
carbon  monoxide  and  the  escape  of  iin burned  hydrocarbon 
gases.  If,  in  addition,  the  combustion  chamber  is  filled  with 
flame,  the  radiating  surface  is  increased  correspondingly,  and 
ihe  firebox  evaporation  also  increases. 

The  addition  of  a  bridge  wall  or  arch  tends  to  reduce 
the  heat  losses  due  to  cinders,  unburned  hydrocarbon  gases, 
and  the  formation  of  carbon  monoxide.  At  the  same  time 
it  increases  the  heat- radiating  surfaces,  and,  by  compelling 
all  the  flames  and  gases  to  pass  back  and  over  the  arch, 
tends  to  completely  fill  the  firebox  with  flames,  thereby  still 
further  increasing  the  radiating  surface  and  the  firebox 
evaporation.  The  installation  of  this  refractory  brick-work 
in  the  form  of  a  wall  or  arch  also  tends  to  hold  tlie  firebox 
temperatures  at  a  more  uniform  level,  and  reduces  troubles 
brought  about  by  the  sudden  contraction  of  firebox  sheets 
when  fire  is  dropped  and  temperatures  are  suddenly  reduced. 

Some  progress  has  been  made  along  these  lines  in  recent 
years,  but  it  is  possible  that  future  progress  will  depend  upon 
the  use  of  still  larger  fireboxes,  larger  grates,  increased  fire- 
box volume  and  longer  combustion  chambers. 


ECONOMY  OF  COAL  IN  POWER  PRODUCTION.* 

BY  C.  E.  STROMEYER,  M.INST.C.E. 

The  present  war,  with  its  accompanying  liigh  prices  and  the 
possibility  of  a  trade  war  after  the  conclusion  of  peace,  has 
naturally  directed  attention  to  many  economic  questions, 
including  boilers,  and  though,  in  last  year's  memorandum,  I 
made  a  few  remarks  about  their  economic  working,  the 
present  occasion  seems  an  opportune  one  for  re-examining 
this  question  from  a  national  point  of  view. 

Discussions  about  the  difference  between  English  and 
German  economic  systems  of  working  factories  have  revealed 
that  abroad  a  much  greater  harmony  existed  between  the 
State  and  manufacturers  than  liere,  and,  as  a  consequence, 
German  works  liave  adopted  systems  wliich  commended  them- 
selves because  of  their  leading  to  national  economy,  whereas 
here  botli  our  laws  and  our  customs  seem  to  force  individual 
works  to  think  more  of  themselves  tlian  of  the  country's 
welfare.  Here  we  need  only  concern  ourselves  with  the  fuel 
question,  which  is  briefly  as  follows  :  Our  manufacturers  have 
been  spoilt  by  the  ease  with  which  they  could  obtain  the 
very  best  coal  in  the  world.  Wlien  new  labour-saving  appli- 
ances were  invented  which,  while  increasing  the  output,  also 
increased  the  power  required  to  drive  them,  the  manufac- 
1  urers  filled  their  works  with  tliern  and  overworked  their 
l)oilers,  and  as  this  could  only  be  done  with  the  best  of  coal, 
slack  was  for  long  periods  a  drug  in  the  market  and  at  one 
time  sold  for  5s.  or  Gs.  a  ton  at  the  pit's  mouth  ；  for  at  that 
time  none  of  our  works  could  burn  it  economically. 

Constant  improvements  in  meclianical  stokers  liave 
effected  a  change,  but  no  overworked  boiler  can  burn  dirty 
coal,  no  matter  whether  it  be  fed  by  hand  or  by  mechanical 
means,  and  slowly  but  surely  colliery  owners  found  that  it 

*  From  the  nirniorandum  by  the  Chief  Engineer  of  the  Manchester  Steam  UBcrs' 
Association  for  the  year  1915. 


did  not  pay  to  bring  inferior  qualities  of  coal  to  the  sur- 
face. As  most  coal  seams  consist  of  several  \ciy  ers,  of  which 
some  are  rich  and  others  poor,  the  poorer  layers  of  worked 
seams  are  often  left  underground  and  buried  for  ever,  because 
to  mix  them  with  the  richer  ones  would  disproportionately 
lower  their  value. 

According  to  recent  statements  by  coal  experts  this 
wasted  coal  amounts  to  25  per  cent,  of  our  output.  This 
national  waste  is  due  largely  to  our  almost  universal  prac- 
tice of  overworking  boilers.  Bunker  coal  for  steamers  must, 
of  course,  be  as  free  as  possible  from  mineral  matter,  and  ex- 
port coal  has  also  to  be  reasonably  pure,  but  there  is  no  reason, 
except  want  of  boiler  power  in  our  factories,  why  inferior 
coal  should  not  be  burnt  wherever  it  can  be  got.  It  is  done  on 
the  Continent,  because  first-class  coal  cannot  be  obtained,  but 
there  the  works  provide  themselves  with  ample  boiler  power, 
and  on  the  whole  they  obtain  a  higher  efficiency  than  we 
can  hope  for  with  our  superior  coal  but  hard-worked  boilers. 

Somewhat  similar  remarks  might  be  made  about  the 
burning  of  coke.  It  is  a  by-product  of  the  gas  works  of 
towns  and  might:  with  gas  be  a  valuable  by-product  of  works 
which  would  make  it  their  business  to  produce  sulphate  of 
ammonia  and  the  volatile  oils  of  distillation.  Coke  ought, 
therefore,  to  be  a  cheap  fuel.  At  present,  however,  its  pro- 
duction is  limited,  and  those  consumers  who  are  compelled 
to  use  it  as  a  fuel  can  be  made  to  pay  so  heavy  a  price  for 
it,  that  the  profits  can  be  used  for  relieving  the  rates.  Steam 
users  naturally  do  not  like  coke,  partly  on  account  of  its 
relatively  high  price  and  partly  because  it  would  require 
larger  boilers  than  the  present  ones  in  which  to  burn  it 
with  as  good  effect  as  the  best  coal.  Thus,  here  again,  our 
habit  of  getting  the  highest  possible  duty  out  of  our 
boilers  may  be  looked  upon  as  being  one  of  the  causes,  though 
perhaps  only  a  secondary  one,  which  hamper  our  coal-tar 
industry. 

Our  present  practice  may  possibly  be  more  profitable  to 
the  individual  factories  and  collieries  than  to  those  of  the 
(.continent,  though  this  is  a  moot  point,  but  there  can  be  no 
doubt  that  this  practice  is  very  wasteful  of  our  national  coal 
resources,  and  it  is  to  be  hoped  that  after  the  war  encourage- 
ment will  be  held  out  to  those  who,  without  loss  to  them- 
selves, will  assist  at  national  economy. 

Take  the  simple  case  of  a  shipowner  who  has  to  decide 
for  what  speed  a  ship,  which  he  contemplates  ordering, 
should  be  designed.  He  knows  that  with  a  low  speed  his 
ship  cannot  command  paying  freights,  and,  going  to  the  other 
extreme,  he  also  knows  that  if  he  fills  his  ship  with  engines 
and  boilers,  there  will  be  no  room  for  cargo,  and  his  coal  bill 
will  be  far  in  excess  of  his  earnings.  He  will,  therefore,  have 
to  decide  on  a  medium  speed  which  here  may  be  assumed 
to  be  10  or  11  knots.  With  the  faster  ship  he  will  be  able 
to  make  10  per  cent,  more  voyages  than  with  a  slower  one, 
but  his  annual  coal  bill  will  be  increased  20  per  cent,  and 
his  carrying  capacity  slightly  decreased,  on  account  of  the 
extra  20  per  cent,  of  engine,  boiler,  and  bunker  capacity. 
Leaning  on  past  experiences  he  may  be  able  to  say 
to  himself  that  his  prospective  earnings  would  be  about 
the  same,  no  matter  whether  he  were  to  -  decide 
on  the  10  or  the  ll-knot  boat.  At  this  point  national 
econoTTiic  considerations  ought  to  influence  him,  and  he  ought 
to  say  to  himself  ：  The  ll-knot  boat  will  carry  10  per  cent, 
more  cargo  than  the  lO-krot  boat,  but  it  will  burn  20  per 
cent,  more  coal.  My  profit  will  be  ihe  same  with  either 
speed  ；  therefore,  in  order  to  assist  my  country  in  saving 
coal,  I  will  decide  to  have  the  slower  boat. 

The  factory  owner  is  faced  with  other,  but  similar,  pro- 
blems, and  will  find  that  he  too  can  make  selections  amongst 
a  number  of  alternatives  of  which  he  should  choose  the  one 
which,  while  it  does  not  affect  his  profits,  will  be  of  economic 
advantage  to  the  nation.  It  will  be  my  endeavour  to  review 
these  several  alternatives. 

The  cost  of  fuel  depends,  of  course,  on  the  cost  of  labour, 
and  tliat  depends  on  the  average  cost  of  living.  This  will 
necessarily  be  increased  after  the  war  on  account  of  the 
heavy  taxation  to  which  we  as  a  nation  will  be  subjected  ; 
but  it  is  impossible  to  make  even  the  vaguest  guess  as  to  tlie 
extent  to  which  future  prices  of  fuel  will  be  affected  by  the 
increased  cost  of  living.  For  convenience  of  illustrating  the 
subject  a  pre-war  price  of  12s.  6d.  per  ton  will  therefore  be 
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used  as  ； I  basis  of  1  ho  |)ros(Mil  ('； ilculn.i ion.  We  may  assuiiio 
t  hai  1  iic  coal  foiisiimplioii  for  a.  Ii rst. -class  inodeni  steam 
engine  can  l)e  rod  need  nearly  down  to  111).  oF  coal  per  iiuli- 
cated  horse-power,  or  nearly  4  tons  per  year  continuous 
workino".  In  most  Factories  only  ahoui  ono-l  liii'd  of  t  he  「ull  tiino 
is  worked,  whereas  the  interesl  on  capital  is  a  continuous 
charge,  and  the  total  cost,  including  wear  and  tear,  was  i»i 
one  modern  factory  found  to  be  £12  per  indicated  liorsc- 
power  per  aiuumi,  at  a  time  when  the  cosL  of  fuel  was 
】2s.  Gd.  ])er  ton.  Had  the  factory  been  working  night,  and 
clay  t  he  cost  would  have  been  £6  per  indicated  horse-power 
})er  aiuunn. 

This  compares  very  unfavourably  with  3r)s.  to  50s.  per 
electric  horse- power,  which  is  approximately  the  cost  of 
contiiuious-])ower  production  in  some  parts  of  Sweden,  Nor- 
way, and  on  the  slopes  of  the  Alps.  These  districts  aire 
rapidly  realising  that  they  can  control  enormous  powers, 
and  when  these  have  been  harnessed  tliey  are  sure  to  attract 
to  themselves  many  of  our  industries.  After  the  war  wages 
in  this  country  are  likely  to  rise,  and  the  disproportion  is 
likely  to  be  increased. 

Then  also,  as  America  ia  not  going  to  burden  herself  with 
additional  taxes,  the  cost  of  living  will  not  be  increased  in 
that  country.  But  tlie  most  threatening  possibility  is  that 
Prussia,  true  to  her  national  traditions,  not  to  be  saddled 
with  a  national  debt  (her  present  one  of  600  millions  being 
merely  an  industrial  one  created  when  the  State  acquired 
all  the  railways),  may  repudiate  all  her  internal  war  loarfe, 
aud  after  a  few  years  of  severe  personal  hardships,  the  taxa- 
tion in  Prussia,  and  consequently  the  average  cost  of  living 
and  with  it  Llie  price  of  labour  aud  of  coal,  will  be  as  low  as 
before  the  war. 

We  may  therefore  expect  that  some  time  after  the  war 
our  cost  of  creating  power  for  industrial  purposes  will  be 
greater  than  in  other  countries,  so  that  even  without  con- 
sidering tile  question  of  economising  our  national  coal 
resources,  it  will  be  necessary  for  individual  works  to  prac- 
tise extreme  economy  as  regards  coal  consumption. 

In  order  to  be  able  to  reach  a  reliable  starting  point  as  to 
possible  fuel  economies,  a  table  of  engine  performances  is 
given  in  the  memorandum  which  is  not  here  reproduced. 
The  deductions  which  can  be  drawn  from  that  part  of  the 
table  dealing  with  cotton  spinning  mills  are,  roughly  speak- 
ing, that  compound  engines  using  steam  of  lOOlbs.  pressure 
consume  about  3'Olbs.  of  coal  per  indicated  horse-power.  For 
high-pressure  compound  engines,  the  net  consumption  is  about 
2'151bs.  of  coal  per  indicated  horse-power,  and  for  triple- 
expansion  high-pressure  engines  it  is  about  l*651bs.  of  coal 
per  indicated  horse-power.  These  results  are  neither  as  good 
as  the  results  promised  by  engine  builders  nor  as  those 
attained  during  trials.  This  is  but  natural  and  should  not  be 
allowed  to  influence  intending  purchasers,  for  it  must  be 
remembered  that  a  factory  engine  stands  idle  for  two-thirds 
of  its  time  and  that  the  raising  of  steam  and  the  banking 
up  of  fires  costs  much  fuel,  say  0'3】b.  per  indicated  horse- 
power. If  we  make  this  further  deduction  we  arrive  at  the 
following  average  net  consumptions  per  indicated  horse- 
powers under  ordinary  working  conditions,  wlucli  are,  of 
course,  never  as  favourable,  as  trial  coTiditioiis,  at  which  the 
makers  attend  and  try  to  minimise  all  losses. 

Old  compound  engines  working  with  about'  lOOlba. 
pressure  consume  about  2'701bs. 

High-pressure    conipouiul    enj^ines    consume'  about 
l-851bs. 

High-pressure   compound   engines   with  superheated 
steam  consume  about  r451bs. 

Triple-expansion  engines  consume  about  l"331bs. 

The  figures  given  in  the  table  show  that  as  a  rule  only 
about  lib.  or  2 lbs.  of  coal  per  indicated  horse-power,  or,  say, 
£1  to  £3  per  annum  is  likely  to  be  saved  by  modernising  an 
old  power  plant.  Tf,  in  addition,  arrangements  were  to  be 
jjiacle,  by  providing  airiple  boiler  power,  for  burning  cheaper 
quality  of  coal,  a  very  great  monetary  saving  might  be 
efTected,  but  unless  collieries  will  provide  inferior  fuel  to 
individual  works,  this  desirable  policy  can  only  be  carried 
out  by  large  combinations  of  power  producers. 

The  Newcastle  Electric  Supply  Company  has  in  a  way 
shown  what  can  be  done  in  this  direction,  and  their  work 
has  also  revealed  the  difficulties  which  would  have  to  be  over- 
come in  other  districts  than  their  own  before  success  can 


ohiaiiKul.    Tlieir  loadiii*^  soouih  to  have  heeii  to  pro- 

vide trunk  wires  whidi  would  do  for  jxjwor  what  railways  do 
for  goods.  Tliey  pmvkle  collieries  and  ironworks  with  out- 
lets for  any  power  wliicli  may  l)e  produced  from  tlioir  wasto 
coal  and  f  rom  the  waste  heat  of  their  furnaces,  and  I  liey 
I'lnis  provide  1  lie  means  for  the  sale  of  tliis  power  wliich 
would  otherwise  be  wasted.  This  company  has  in  sorrr; 
respects  l)eeu  favoured  by  local  (conditions,  l)ut  it  had  also  to 
contend  with  serious  difficulties  which  are  even  more  serious 
in  other  districts.  It  had  the  advantage  of  j)rornises  from 
all  the  large  works  on  the  Tyne  to  buy  power  from  1  hern,  and 
its  first  power  stations  could  therefore  be  designed  to  work 
with  large  units  and  with  a  minimum  of  cost.  Subsequently 
the  North- eastern  Railway  Com])any  agreed  to  purchase  all 
its  power  for  local  traffic.  On  the  other  hand,  the  Board 
of  Trade  limit  on  the  voltage  in  the  trunk  wires  made  thes(5 
connecting  links  very  expensive,  and  as  nearly  every  old 
power  station  had  its  own  voltage  and  its  own  frequency  of 
phase,  practically  every  amalgamation  necessitated  the  erec- 
tion of  entirely  new  installations.  An  iijitial  difficulty,  wliicli 
has,  however,  been  nearly  overcome,  was  that  the  numerous 
Corporations  had  the  right  to  exclude  outsiders  from  supply- 
ing their  little  districts  with  power.  Eut  they  have  seen  the 
advantage  of  adapting  their  voltages  aud  frequencies  of 
phase  to  those  of  the  company,  and  now  they  buy  their  elec- 
tric power  from  it  for  the  purpose  of  distributing  it  amongst 
their  customers. 

As  far  as  can  be  ascertained,  the  charge  per  unit  of  elec- 
tricity, if  used  all  the  year  round  without  a  break,  has  been 
reduced  to  about  £4.  10s.  per  electric  horse-power.  For 
8-lioiu'Iy  supply  the  charge  would,  of  course,  be  much 
heavier,  possibly  as  heavy  as  the  cost  of  individual  power 
production  by  a  modern  steam  engine.  One  reason  why 
power  can  be  produced  thus  cheaply,  is  that  the  company 
with  its  network  of  transmitting  wires  can  deal  with 
collieries  on  the  following  lines  :  Each  colliery  can  bring  or 
brings  to  bank  some  very  dirty  coal  or  shale,  which  is  abso- 
lutely unsaleable.  Of  this  fuel  about  25  per  cent,  can  be 
burnt  in  the  colliery  boilers,  but  the  remainder  is  thrown 
on  waste  heaps  and  is  occasionally  burnt  there.  Now  the 
company,  by  installing  a  power  station  with  ample  boiler 
power  close  to  the  collieries,  could  consume  all  this  appa- 
rently valueless  fuel  and  produce  four  times  as  much  power 
as  was  needed  by  the  colliery.  The  colliery  buys  its  quarter 
share  and  the  rest  is  carried  away  in  the  trunk  wires.  Iron- 
works are  utilised  in  the  same  way.  The  heat  wasted  by  the 
gases  which  escape  from  blast  and  other  furnaces  is  far  in 
excess  of  the  power  requirements  and  was  largely  wasted, 
because  without  a  trunk  system  to  carry  away  the  surplus 
power  it  could  not  be  used.  Now  all  this  waste  power  is 
bought  at  a  cheap  rate  and  distributed. 

In  other  industrial  districts  the  conditions  for  conveying 
and  selling  power  are  rather  unfavourable.  The  numerous 
Corporations  still  exclude  outside  producers  from  within 
their  boundaries,  nor  will  they  buy  from  outsiders,  and  they 
have  not  the  necessary  powers  for  building  power  stations 
outside  their  own  districts  and  thus  utilising  the  waste  fuel 
of  collieries.  To  produce  cheap  power  from  fuel  which  has 
had  to  be  carted  to  their  own  works  is  out  of  the  question. 
They  also  have  not  the  necessary  powers  for  supplying  out- 
siders and  are  therefore  in  the  most  unfavourable  position 
for  acting  as  power  brokers  or  intermediary  for  the  buying 
and  selling  of  power.  What  makes  matters  worse  is  that 
nearly  every  Corporation  has  its  own  particular  voltage  and 
phase,  so  that  it  could  not,  even  if  it  would,  buy  and  sell 
power  from  and  to  others.  The  Board  of  Trade  may  justly 
bo  blamed  for  this  unsatisfactory  condition  of  things,  for 
instead  of  fixing  on  comparatively  low  limits  for  voltages 
in  trunk  lines  and  encouraging  a  multiplicity  of  systems,  they 
might  easily  have  encouraged  uniform  systems  and  step  by 
step  tliey  could  have  learned  to  tolerate  liighex'  and  higher 
voltages. 

This  condition  of  things  is  not  likely  to  change  until  fac- 
tory owners  karn  that,  with  a  proper  system,  they  could 
easily  be  supplied  with  power  at  a  cheaper  rate  than  that  at 
which  they  can, produce  it.  They  will  then  insist  on  being 
supplied  at  as  low  a  rate  as  is  to  be  found  in  other  districts, 
and  Corporations  and  other  power  pioducers  will  then  be 
forced  to  standardise  their  systems  and  connect  up  trunk 
lines  for  the  conveyance  of  power. 
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Another  means  of  distributing  power  and  economising 
our  coal  resources  is  to  convert  coal  into  gas,  distribute  it  in 
pipes,  and  sell  the  by-products,  thus  encouraging  agriculture 
and  the  coal  tar  industry.  In  a  certain  sense  our  Corpora- 
tions work  on  these  lines,  and  even  produce  a  third  by- 
product—coke. The  production  and  sale  of  coke  might  be 
encouraged  more  than  it  is,  because  it  is  a  smokeless  fuel, 
but  here  again  we  find  the  same  conflicts  as  in  the  electrical 
field :  Corporation  gas  is  too  costly  for  cheap  heating  and 
power  production,  aud  producers  of  power  gas  are  practically 
prohibited  from  introducing  their  pipes  into  towns. 

It  might  be  possible  to  combine  the  gas  and  electricity 
systems,  then  gas  and  its  by-products  could  be  produced  from 
waste  coal,  and  this  gas  could  used  in  internal-combus- 
tion engines,  to  produce  electricity.  Unfortunately,  how- 
ever,  the  gas  engine  is  not  as  reliable  as  might  be  wished, 
aud  it  is  also  disliked  because  of  the  irregularities  of  its 
revolutions  which  cause  flickering  of  lights  and  troubles  in 
spinning  mills.  We  have  therefore  to  wait,  but  possibly  not 
for  long,  for  the  perfection  of  the  internal-combustion  tur- 
bine. 

At  present  the  steam  turbine  seems  to  combine  the 
greatest  number  of  advantages  ；  not  only  is  its  running  very 
steady,  but  the  new  designs  are  reported  to  be  very  economi- 
cal. The  most  interesting  novelty  is  probably  the  Lund- 
holm  turbine  which  consists  of  two  discs  and  blades  revolving 
in  opposite  directions.  As  there  is  no  difference  of  expan- 
sion of  the  two  discs  there  is  every  prospect  that  the  clear- 
ances of  the  blades  can  now  be  reduced  to  a  minimum,  and 
that  this  very  serious  source  of  loss  will  be  materially 
reduced. 

The  fuel  economy  question  may  therefore  be  briefly 
summarised  by  saying  that  hardly  any  improvement  is  likely 
to  be  effected  in  the  economic  working  of  boilers  for,  as  is 
well  known,  there  is  only  a  margin  of  about  20  per  cent,  to 
25  per  cent,  to  play  with.  Considerable  pecuniary  saving 
might  often  be  effected  by  increasing  the  number  of  boilers, 
so  as  to  be  able  to  burn  a  poor  and  relatively  cheap  fuel  if 
tins  can  be  got.  For  instance,  if,  when  best  coal  costs  20s., 
dirty  coal  of,  say,  75  per  cent,  li eating  value  were  obtainable 
for,  say,  6s.  per  ton,  the  coal  bill  would  be  reduced  to  one- 
half,  but  only  if  the  local  colliery  can  bring  this  dirty  coal 
to  bank,  and  if  the  boilers  are  large  enough  to  burn  it. 

Our  chief  hopes  will  therefore  have  to  be  centred  on  en- 
gine improvements,  for  here  large  savings  might  be  possible, 
because  at  present  about  eight  units  are  thrown  away  for 
every  one  doing  useful  work.  Imprcvements  have  been  and 
still  are  being  effected  by  inventors,  and  research  workers 
have  little  scope  for  their  activity.  Research  workers  have 
already  indicated  very  clearly  that  the  internal-combustion 
engine  can  attain  a  much  higher  efficiency  than  the  steam 
engine,  but  the  high  cost  of  tlie  fuel,  either  oil  or  gas,  nearly 
balances  this  advantage,  and  const  ant  engine  troubles  and 
repairs  are  both  annoying  and  costly.  Research  workers 
have  also  shown  that  the  turbine  should  be  much  more  effi- 
cient than  the  reciprocating  engine,  but  it  is  only  compara- 
tively recently  that  the  efficiency  of  the  steam  turbine  has 
equalled  and  slightly  surpassed  that  of  its  older  rival,  and 
we  look  to  inventors,  rather  than  researchers,  to  reduce  the 
remaining  losses  to  a  minimum,  for  the  most  convenient  form 
of  extracting  power  from  coal  is  still  the  old  method  of  burn- 
ing it  under  a  boiler.  Central  power  stations  are  not  limited 
ill  their  choice  to  the  steam  engine  for  power  production,  and 
in  view  of  the  very  high  theoretical  efficiency  of  internal- 
combustion  engines  they  very  likely  hope  to  see  the  internal- 
comhustion  turbine  brought  to  perfection. 

From  a  national  economic  point  of  view  the  combination 
of  the  intern al-combiTst ion  engine  with  electric  distribution 
of  power  would  ^eem  an  ideal  one.  Our  collieries  would  then 
h(t  encouraged  to  mine  even  our  dirtiest  coal.  This  coal 
would  produce  by-products  for  farmers  and  for  the  coal  tar 
industries  and  supply  the  engines  with  suitable  gas,  and  our 
factories  would  receive  their  power  at  a  lower  cost  than  they 
could  produce  it. 


British  Locomotive  Exports. ― Exports  of  locomotives  from 
tlie  United  Kingdom  continue  to  decline.  The  value  of  the 
engines  shipped  in  October  was  £99,910,  as  compared  with 
£148,901  in  October,  1915，  and  £368,540  in  October,  1914. 


APPLIANCES  FOR  HANDLING  MATERIAL  AT  PORTS.* 

BY  SIR  JOHN  PURSER  GRIFFITif,  M.A.I.,  M.INST.C.E. 

{Concluded  from  page  371.) 

Casual  Labour  and  U nder-em ployment  rn  Po7*ts, ― Those 
of  us  who  are  acquainted  with  the  working  of  large  ports  are 
familiar  with  the  meaning  of  casual  labour  and  under-employ- 
nient  as  associated  with  the  handling  of  cargoes  entering  and 
leaving  our  ports.  There  is,  of  course,  under-employment  in 
almost  every  trade,  represented  by  a  fringe  of  hangers-on, 
who  are  employed  temporarily  to  meet  emergencies.  But  in 
no  branch  of  trade  has  it  assumed  such  large  proportions  as 
in  the  shipping  industries.  The  fluctuations  in  discharging 
and  loading  of  ships  in  our  ports  are  due  to  various  causes, 
such  as  tides,  weather,  and  trade  conditions.  The  docker  may 
earn  large  wages  when  work  is  brisk,  and  a  certain  proportion 
of  the  dock  labourers  mav  have  constant  employment  ；  but 
still  a  very  large  percentage  of  the  dock  labourers  come  under 
the  class  of  casual  labour,  and  within  that  class  there  are  dis- 
tinct divisions  or  grades  corresponding  to  varying  grades  of 
poverty.  Even  amongst  casual  labour  earnings  are  often 
large,  but  this  is  followed  almost  invariably  by  periods  in 
which  the  man  does  not  earn  what  can,  by  the  utmost  stretch 
of  imagination,  be  called  a  living  wage. 

Have  you  ever  witnessed  the  scenes  associated  with  the 
engagement  of  the  casual  dock  labourer  ？  Early  in  the  morn- 
ing men  may  be  seen  making  their  way  to  the  docks.  Most 
are  badly  clothed,  and  many  obviously  ill-fed.  On  arrival  at 
the  docks  they  collect  in  groups  at  the  recognised  centres  of 
engagement,  or  "  stands,"  as  they  are  called.  On  the  appear- 
ance of  the  foreman,  whose  duty  it  is  to  engage  men  for  his 
employer,  they  line  up,  and  the  foreman  selects  his  men. 
The  selection  is  first  made  from  old  acquaintances,  whose 
powers  are  known,  or  for  whom  he  has  some  special  leaning ― 
sometimes  for  good  reasons,  sometimes  for  bad.  It  has  been 
said  that  "  round  eacli  foreman  there  is  a  body  of  men  whose 
chance  of  employment,  like  the  atmosphere  round  the  earth, 
^ows  thinner  and  thinner,  until  it  diminishes  to  the  vanish- 
ing-point at  which  a  man  cannot  subsist  at  all.  There  will 
be  a  nucleus  of  men  in  practically  permanent  employment  ； 
others  further  down  the  foreman's  list  who  will  average  three 
or  four  days  a  week  ；  and  there  will  be  some  who  will  only 
pick  up  a  scrap  of  work  now  and  again.  This  is  the  daily 
agony  or  fate  of  a  man  who,  from  age  or  some  other  cause, 
has  lost  firm  hold  of  employment." 

The  sad  story  of  the  docker's  life  is  told  in  Reports  of 
Royal  Commissions,  books,  pamphlets,  and  magazine  articles 
devoted  to  the  subject.  To  those  interested  in  it,  I  would 
commend  a  little  book,  published  durinsf  the  current  year, 
entitled  "  Casual  Labour  at  the  Docks,"  by  Mr.  H.  A,  Mess, 
B.A.  It  describes  the  metliods  of  engagement  of  the  dockers  ； 
discusses  the  consequence  of  irregular  earnings  ；  tells  how 
dock  labourers  are  recruited  ；  refers  to  past  attempts  at 
reform,  and  malces  sugecestioiis  for  the  future.  The  writer 
says  :  "  The  problem  of  dock  labour  is  that  of  chronic  over- 
supply  of  labour  offering  itself  in  response  to  demands  which 
are  irregular  as  to  time,  and  fluctuate  in  volume."  No  sug- 
gestion is  made  in  this  little  book  that  advantage  should  be 
taken  of  modern  machinerv  and  appliances  to  amend  this 
state  of  affairs  ;  and  vet  this  is,  I  believe,  a  direction  in  which, 
we  sliould  look  for  relief. 

These  labour  problems  have  occupied  the  attention  of 
many  thoughtful  minds.  Much  has  been  attempted  to  miti- 
gate  the 】ot  of  the  casual  docker,  with  a  certain  amount  of 
success  where  employers  and  workmen  have  co-operated. 
This  combination  is,  unfortunately,  too  rare,  and  mutual  sus- 
picion lias  barred  ■progress.  May  we  not  hope  and  work  for 
the  day  when  employers  will  see  that  Hberality  towards  their 
workmen  will  pay  better  than  the  old  method  of  trying  to 
get  the  1  armrest  amount  of  work  for  the  smallest  possible  wage, 
and  when  wor"kmen  will  see  and  acknowledge  that  low  output 
will  necessarily  result  in  low  wages  ？ 

Mr.  Winslow  Taylor,  an  American  engineer,  in  his  book, 
" The  Principles  of  Scientific  Management/'  writes  as 
follows :  {( The  great  maiority  of  worlcmen  still  believe  that 
if  they  were  to  work  at  their  best  speed  they  would  be  doing 

•  The James  Forrest "  Lecture,  1916,  delivered  before  the  Institution  of  Civil 
Engineers. 
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a  greal  injustice  to  the  whole  t r itle  by  throwing  a  lot  of  men 
out  of  work,  and  yet  the  history  of  the  development  of  each 
trade  shows  that  cacli  improvement ,  wliot lier  it  be  the  inven- 
tion of  a  new  machine,  or  the  int  I'ocluciioii  of  a  better 
method,  which  results  iti  iiK'reasing  the  productive  capacity 
of  the  men  in  the  trade  and  cheapening  the  costs,  instead  of 
throwing  】nen  out  of  work,  makes  in  the  end  work  for  more 
men.  The  workmen  of  almost  every  trade  have  before  them 
an  object-lesson  of  this  kind,  and  yet  because  they  are  igno- 
rant of  the  history  of  their  own  trade  even,  they  still  firmly 
believe,  as  their  fathers  did  before  them,  that  it  is  against 
their  best  interests  for  each  man  to  turn  out  each  day  as 
much  work  as  possible.  Under  this  fallacious  idea  a  large 
proportion  of  the  workmen  of  both  countries  (America  and 
England)  each  day  deliberately  work  slowly,  so  as  to  curtail 
the  output.  Almost  every  labour  union  lias  made,  or  is  con- 
templating making,  rules  which  have  for  their  object  curtail- 
ing the  output  of  their  members  ；  and  those  men  who  have 
the  greatest  influence  with  the  working  people,  the  labour 
leaders,  as  well  as  many  people  with  philanthropic  feelings, 
who  are  helping  them,  are  daily  spreading  this  fallacy,  and 
at  the  same  time  telling  them  that  they  are  overworked.  As 
engineers  and  managers,  we  are  more  intimately  acquainted 
with  these  facts  than  any  other  class  in  the  community,  and 
are  therefore  best  fitted  to  lead  in  a  movement  to  combat 
this  fallacious  idea,  by  educating  not  only  the  workmen,  but 
the  whole  of  the  country,  as  to  the  true  facts." 

The  solution  generally  accepted  by  those  who  have 
devoted  attention  to  this  difficult  problem  is  to  form  a  staff 
of  permanent  labourers  in  each  port,  and  reduce  the  casual 
element  gradually.  I  can  only  refer  you  to  what  lias  been 
clone  in  the  Port  of  Liverpool  and  by  the  London  Port 
Authority  in  this  direction.  It  is  only  a  beginning,  but  seems 
to  show  that  the  proposition  is  not  impossible  or  Utopian. 
Where  it  has  so  far  failed  it  has  been  due  to  lack  of  co-opera- 
tion amongst  the  employers,  and  to  the  ingrained  suspicion  of 
the  men  with  regard  to  any  proposal  for  the  abolition  of 
casual  labour. 

Many  employers  view  with  disfavour  any  proposal  to 
abolish  the  largfe  reservoir  of  under- employed  labour,  which 
at  present  is  allowed  to  accumulate  in  order  to  meet  the 
widely  fluctuating  demands.  The  dockers  also  look  with 
suspicion  on  proposals  to  reduce  casual  labour.  They  think 
that  permanent  employment  means  smaller  wages,  and  reduc- 
tion of  the  number  of  men  employed.  There  is  a  certain 
f'sj)rif  de  corps  wlich  makes  men  shrink  from  doing  anything 
which  they  imagine  will  throw  other  men  out  of  work,  even 
if  it  might  possibly  be  to  their  own  advantage. 

The  permanent  staff  of  workmen  should  be  well  paid  and 
work  for  a  reasonable  number  of  hours.  They  might  be 
divided  into  shifts,  if  found  desirable,  Such  a  well-paid  per- 
manent staff  would  be  well  nourished,  and  capable  of  a 
reasonable  amount  of  overtime  in  cases  of  emergency.  Now, 
with  such  an  effective  staff,  supplemented  and  equipped  with 
appliances  for  handling-  raw  material  and  merchandise,  we 
have  a  most  elastic  and  efficient  combination.  By  this  means 
we  shall  move  towards  Mr.  Harold  Cox's  ideal  ：  "  And  by 
a  more  extended  use  of  machinery  and  a  more  scientific  use 
of  human  muscles,  we  can  secure  on  the  one  hand  a  greater 
output  of  work  with  a  diminished  cost  of  production  ；  and 
on  the  other,  higher  wages  for  the  worker  with  less  physical 
exertion.  Those  afe  the  ideals  for  the  industrial  develop- 
ment of  the  future.  At  present  their  realisation  is  obstructed 
by  class  suspicion  resulting  in  class  warfare/' 

It  has  been  estimated  that  on  the  average  about  30,000 
men  daily  seek  for  work  at  the  docks  and  wharves  of  the 
Port  of  London,  and  that  about  20,000  men  obtain  it.  In 
otlier  words,  10,000  men  on  an  average  seek  for  work  and  do 
not  find  it.  We  may  safely  conclude  that  similar  conditions 
are  met  with  in  other  large  ports.  It  is  the  fluctuating 
demand  for  dock  】aboui'  that  has  led  to  the  high  rate  of 
wages  demanded  by  the  men,  and  to  the  bitter  strikes  with 
which  some  of  us  are  familiar.  It  is  the  high  rate  paid  to  the 
casual  labourer  which  lures  men  to  the  docks,  and  is  con- 
stantly filling  up  the  ranks  of  tlie  under-employed.  They 
overlook  the  fact  that  the  high  hour-rate  is  only  paid  for  tlie 
actual  time  worked,  and  they  do  not  take  into  account  the 
hours  of  waiting  and  of  unemployment  for  which  no  payment 
is  received.  Casual  labour  has  been  described  as  a  subtle 
form  of  sweating. 


Kiii^iiioers  know  t hat,  even  when  idle,  m;i(,liii，ery  rcquin's 
Will  ('111  ul  (！ a  re,  yet  when  ilie  complex:  human  iiiacliine  i.s  out  of 
work,  it,  is  oI'Icmi  allowed  to  leinain  neglected  and  uncarcd  for. 
Jl,  will  probably  ))e  said  that,  our  pom'  law  relief  in  inlcndrjfl 
t  o  meet  such  cl inutilities  ；  that  tlic  Education  (Provision  <)「 
Meals)  Act,  i 9()G,  was  specially  ])assed  to  guard  the  children 
from  the  evil  efTects  of  their  parents'  uiider-eniployrrieiil .  Is 
it  not  our  experience  that  tin  e  costly  inelliods  oi'  relief 
scarcely  touch  the  problems  of  poverty  to  which  we  have 
referred ？ 

You  may  naturally  ask,  What  has  led  me  to  in  I  roduce 
such  social  problems  as  "  The  James  Forrest  Lecture "  1 
My  anywer  is,  "  Nothing  but  a  sense  of  the  gravity  of  the 
"sues  involved.''  We  have  by  the  continuance  of  casual 
labour  in  our  docks  maintained  an  army  of  uiicler-eniployed, 
under-clotlied,  under-fed,  aiid  badly  housed  men,  with  tlieii* 
dependent  families.  We  have  thereby  fomented  discontent, 
and  trained  up  a  population  demoralised  by  poverty,  poor- 
law  relief,  and  so-called  charity,  and  constituting,  in  】iiy 
oj)iiiioii,  a  national  danger.  During  the  last  few  years  、ve 
have  ill  Dublin  been  face  to  face  with  labour  trouble.  Lar- 
kiiiism  has  been  a  familiar  phrase.  The  employers  and  the 
employed  have  been  in  a  chronic  state  of  war.  The  Citizen 
Army,  organised  as  an  armed  force  from  the  membership  of 
the  Irish  Transport  Union,  has  been  a  standing  menace,  and 
the  Government  looked  on  it  with  apathy  and  indifference. 
When  the  Irish  rebellion  of  1916  broke  out  in  Dublin  on 
Easter  Monday,  James  Connolly,  the  leader  of  the  Irisli 
Transport  Union,  and  the  successor  of  James  Larkin,  sup- 
ported by  the  Citizen  Army,  was  the  driving  force  of  the  out- 
break. I  ,bave  no  doubt  in  my  mind  that  causes  which  lead 
Hien  to  combine  in  the  manner  in  which  the  members  of  the 
Irisli  Transport  Union  combined  are  a  clanger  to  the  State. 
Those  causes  in  Dublin  were  the  casual  labour  of  our  dockers, 
with  its  accompanying  poverty  and  miserable  housing. 

My  desire  is  that  we  as  engineers  may  be  able  to  assist  in 
finding  a  solution  of  this  pressing  problem  of  casual  labour. 
The  development  of  appliances  for  handling  raw  materials 
(iiid  niercliandise  must,  I  believe,  prove  a  potent  factor  to  this 
end,  bringing  increased  permanent  work,  increased  pay, 
shorter  hours,  and  better  homes  to  the  labourers  in  our  ports. 
My  experience  shows  that  the  position  of  an  engineer  fre- 
quently affords  opportunities  for  influencing  both  emplovers 
and  employed,  and  of  mitigating  the  suspicion  so  frequently 
existing  between  them.  For  this  reason  there  would  appear 
to  be  reasonable  hope  that  our  influence  may  be  helpful  in 
promoting  tlie  use  of  appliances  for  handling  raw  materials 
and  merchandise.  If  this  end  is  attained,  we  shall,  I  believe, 
furtlier  the  objects  for  which  this  Institution  was  founded, 
as  defined  in  our  charter,  by  directing  the  great  sources  of 
power  ill  Nature  for  the  use  and  convenience  of  man. 


REFRACTORY  MATERIALS. 

Discussion  by  the  Faraday  Society. 
(( ' ON  I  in  ucd  j ro ///  pofjt  379). 
The  Texture  of  Firebricks, 
by  dr.  j.  av.  mellor. 
The  requirements  from  firebricks  varies  so  widely  in  different 
furnaces,  or  in  particular  parts  oi  the  same  furnace,  that  the 
ideal  brickwork  can  be  defined  only  in  abstract  terms,  and 
this  the  more  because  some  properties  of  firebricks  are  anta- 
gonistic in  the  'sense  that  some  characteristics  could  be  highly 
developed  only  at  the  expense  of  others.  For  example,  resis- 
tance to  crushing  strains  and  resistance  to  abrupt  changes  of 
temperature  are  antagonistic  in  that  the  one  can  only  be 
accentuated  at  the  expense  of  the  other.  Texture  is  on©  of 
the  most  important  qualities  of  a  firebrick,  since,  assuming 
that  tlie  chemical  composition  and  refractoriness  are  other- 
wise satisfactory,  the  life  and  character  of  the  firebrick  are 
largely  determined  by  its  texture.  The'  texture  of  a  refrac- 
tory may  vary  from  that  of  the  light  porous  bodies  used  in 
making  bricks  for  insulating  boilers,  &c.，  to  non-porous  or 
vitreous  bodies  used  in  making  crucibles,  acid-resisting  bricks 
for  acid  towers,  &c.，  with  quite  a  number  of  intermediate 
types.  It  will  be  most  profitable  to  review  a  few  broad  prin- 
ciples in  order  tliat  the  importance  of  the  variations  in  the 
texture  of  firebricks  can  be  understood. 

The  more  important  mineral  constituents  of  clays  are  the 
granular   felspathic    or    micaceous    fluxes,   granules  of  clay 
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proper,  and  quartz  grains.  Virtually  all  fire  clays  may  be 
considered  to  have  been  made  by  Nature  by  mixing  these 
three  components  with  often  deleterious  impurities  :  schorl, 
pyrites,  siderite,  &c.  The  osmose  process  of  clay  purification 
is  one  means  of  removing  these  impurities  from  clays,  but 
before  proceeding  to  that  elaboration,  slipping  and  lawning 
the  weathered  clay  should  be  tried.  The  latter  can  be  made 
to  do  much  of  the  work  claimed  as  the  peculiar  merit  of  the 
osmose  process.  Either  process  of  preparation  considerably 
improves  most  fire  clays,  but  of  course  it  runs  up  the  cost. 

When  the  clay  is  burnt  in  the  kilns,  the  fluxes  begin  to 
melt  at  about  900。  or  1，000。，  and  to  attack  the  surfaces  of 
the  clays  and  quartz  grains.  At  a  still  higher  temperature 
the  granules  of  clay  and  quartz  in  contact  also  begin  to'  react, 
so  that  clay  is  a  high  temperature  flux  for  quartz  (or  silica), 
and  quartz  (or  silica)  is  a  high  temperature  flux  for  clay. 
With  silica  and  ganister  bricks,  either  clay  or  lime,  or  both, 
are  the  fluxes.  The  fluxing  action,  of  course,  is  necessary  to 
bind  the  brick  into  a  compact  whole,  to  give  it  a  high  crush- 
ing and  tensile  strength,  and  the  power  of  resisting  abrasion 
and  attack  by  flue  dust,  slags,  &c.  This  fluxing  or  vitrification 
is  a  time  reaction ― it  is  relatively  slow  at  low  temperatures 
and  fast  at  liig-h  temperatures  ；  a  long  protracted  fire  at  a  low 
temperature  can  produce  virtually  the  same  contraction  as  a 
shorter  fire  at  a  higher  temperature. 

Size  of  Grain, ― There  is  an  enormous  increase  in  the 
number  of  granules  in  a  given  mass  of  clay  as  the  dimensions 
of  the  particles  are  reduced.  If  the  grains  of  a  clay  were  all 
a  millimetre  in  diameter  there  would  be  about  720  grains  per 
gram,  and  if  the  grains  were  O'OOOl  mm.  in  diameter,  the 
number  would  increase  to  720,000,000,000,000  grains  per 
gram.  Of  course,  clay  grains  are  not  spherical,  and  they  are 
not  all  the  same  size,  but  the  hypothetical  case  will  best  illus- 
trate the  meaning.  Similar  remarks  apply  also  to  the  increase 
in  the  surface  of  the  particles.  Reducing  the  diameter  of 
the  grains  from  1  to  O'OOOl  mm.  diam.  raises  their  total 
surface  area  from  22*6  sq.  cm.  to  226.415  sq.  cm.  Conse- 
quently, if  the  vitrification  of  a  clay  is  the  result  of  a  reaction 
between  the  surfaces  of  contact  of  the  granules,  the  speed  of 
vitrification  must  be  increased  when  the  area  of  the  surfaces 
in  contact  with  one  another  is  augmented.  This  is  in  agree- 
ment with  some  observations  made  some  years  ago.  Observa- 
tions have  further  showed  that  with  clays  of  approximately 
the  same  grain  size,  the  softening  temperature  is  reduced  by 
pressure  in  accord  with  the  exponential  law ~ - 
Squatting  temperature  =  Ce ― IP, 
where  C  denotes  the  squatting  temperature  of  the  clay  under 
no  load,  P  denotes  the  pressure  in  lbs.  per  square  inch,  and  1、' 
is  a  constant  of  the  order  0*001,  but  which  has  in  general 
smaller  values  for  silicious  than  for  aluminous  clays.  Any- 
thing which  favours  the  vitrification  of  a  clay  reduces  its 
refractoriness  or  fire-resisting  qualities.  Consequently,  other 
things  being  equal,  the  coarser  the  grain  of  a  clay  the  higher 
its  softening^  temperature,  and  the  coarser  the  t&xture,  the 
more  refractory  the  brick.  Firebricks  made  with  some  clays, 
with  or  with  out  fine-sn^ained  silica,  break  down  at  tempera- 
tures Avliich  they  withstand  when  made  from  the  same  clay 
mixed  with  coai'se-grainecl  quartz.  The  quartz  grains  should 
be  anirular,  and  not-  in  the  form  of  rounded  pebbles.  There  is 
another  important  point  to  remember.  When  clays  are 
heated  on  a  gradually  risino-  temperature  the  surfaces  of  the 
more  fusible  granules  melt  first.  Hence  again  a  fine-grained 
clav  with  its  au^ented  internal  surface  will  vitrify  faster 
and  at  a  lower  temperature  tli an  a  coarser-grained  clay  of  the 
same  composition.  There  is  therefore  a  cumulative  action  in 
favour  of  coarse-grainedness  for  higlily  refractory  bricks. 

A  fter-crynfrnrfion  and  A  ffer-eorfiam^ion. —— The  changes 
Which  occur  during  the  firing  of  refractory  materials  "belong 
to  a  class  which  may  be  termed  arretted  rearfions^.  Tn  these 
the  chemical  or  physical  changes  are  arrested  at  particular 
and  definite  stages  before  they  are  completed.  Wlien  fire- 
bricl<s  are  burned  or  fired  in  the  kilns,  tlie  fluxes  inelt  and 
dissolve,  the  】ess  fusible  materials  "binding  the  whole  more  or 
less  firmly  together.  A  certain  amouiit'  of  contraction  occurs 
during  this  operation,  and  if  not  completed  during  the  firing 
of  the  hrick  it  will  subsequently  continue  wliert  the  brick  is 
in  use.  If  the  after-contraction  is  consicleraWe,  the  inasonry 
of  the  furnace  will  most  certainly  be  displaced  when  the  bricks 
are  in  use.  The  after-contraction  should  he  small,  certainly 
less  than  1  per  cent.   The  contraction  test  of  the  gas  engineer's 


specification  was  an  attempt  to  deal  with  the  after-contraction 
of  firebricks.  As  soon  as  the  mauufacturers  realised  what  the 
consumer  wanted,  they  gained  control  of  the  difficulty,  and 
the  after-contraction  of  commercial  samples  was  reduced  from 
about)  1  to  about  \  per  cent.  It  is  usually  impracticable  to 
eliminate  all  the  after-contraction  when  the  firebrick  is  origi- 
nally burned,  but  the  object  of  the  manufacturer  is  to  make 
it  negligibly  small.  The  contraction  test  devised  by  gas 
engineers  is  one  of  the  most  useful  tests,  since  it  generally 
makes  the  weakness  of  poor  bricks  apparent  by  mere  inspec- 
tion.   It  could  be  made  a  little  more  severe. 

With  silica  firebricks  there  is  usually  an  aff a 、- eorpamion , 
not  contraction.  This  is  due  to  the  gradual  change  of  quart- 
zose  silica  with  a  specific  gravity  2'65  to  another  kind  of  silica 
with  a  specific  gravity  2'3.  The  change  thus  involves  a  16  per 
cent,  expansion  ；  it  is  a  slow  reaction  and  usually  progresses 
a  little  each  time  the  brick  is  fired.  When  the  clays  are 
heated  the  Quartz  expands  in  a  similar  manner,  unless  it  be 
dissolved  by  the  fluxes.  The  fluxes  in  a  clay  also  expand 
about  6  per  cent,  in  firing,  so  that  the  normal  contraction  of 
a  firebrick  is  the  resultant  effect  of  an  expansion  of  the  quartz 
and  fluxes,  and  about  a  4  per  cent,  contraction  which  clay 
normally  undergoes  when  fired,  whereby  its  specific  gravity 
changes  from  2*6  to  2'7  ；  the  particles  are  also  pulled  closer 
together  by  the  surface  tension  of  the  molten  fluxes.  With 
silica  bricks  the  resultant  effect  is  an  expansion. 

Grog, ― The  action  of  grog  in  firebricks  is  rather  complex. 
Grog  may  be  regarded  as  burnt  fire  clay  (or  ground  fire 
brick),  which  is  mixed  with  the  fire  clay  to  serve  as  a  skeleton 
to  facilitate  the  drying,  to  control  the  contraction  during  the 
drying  and  firing  of  the  clay,  and  also  to  modify  the  behaviour 
of  the  refractory  material  when  in  use.  When  grog  is  made 
by  burning  the  fire  clay  from  which  the  bricks  are  manufac- 
tured, the  main  difference  between  the  grog  and  the  rest  of 
the  brick  is  that  the  grog  has  been  fired  twice  and  the 
remainder  of  the  brick  once.  The  grog  then  behaves  as  an 
independent  constituent.  The  difference  in  the  nature  of  the 
grog  and  the  rest  of  the  brick,  however,  becomes  less  and  less 
every  time  the  brick  is  afterwards  fired,  unless  the  grog  has 
been  prepared  at  a  much  higher  temperature  than  the  brick 
is  afterwards  fired,  or  the  grog  is  made  from  firebricks  which 
have  been  in  use  for  some  time.  It  will  be  useful  to  indicate 
a  danger  which  is  sometimes  ignored.  Great  care  may  be 
taken  in  the  grading  of  the  grog  (or  the  non-plastic  material) 
added  to  a  fire  clay,  but  the  clay  and  grog  may  be  afterwards 
mixed  on  a  revolving  plan  with  heavy  rollers,  which  reduce 
the  size  of  the  grog.  The'  gfrinding  of  the  mixture  of  clay 
and  groof  under  such  conditions  undoes  the  careful  work 
involved  in  the  grading  of  the  grog. 

The  refractoriness  of  a  clay  can  be  augmented  still  more 
by  fortifying  it  with  some  of  the  hie^her  refractories,  shrunk 
bauxite,  shrunk  zirconia,  carborundum,  and  the  like,  but  it 
is  not  always  advisable  to  make  firebricks  satisfy  the  condition 
for  maximum  refractoriness  at  the  expense  of  other  proper- 
ties. The  crushino^  strength  and  tenacity  of  a  coarseHorainecl 
refractory  material  are  low  ；  it  is  very  friable,  and  liable  to 
disinteefrate  with  shocks,  abrasion,  &c.  Coarse-grained  bricks 
are  also  readily  penetrated  by  flue  dusts  and  slags. 

M  acid  lie  V,  TTancl-wnde  Firehricl-^t. ― There  is  often  a 
strong"  "prejudice  against  machine-made  firebricks,  but  the 
subject  is  one  wliich  wants  careful  re-examination.  The  pre- 
judice is  probably  the  result  of  an  unfair  comparison.  There 
are  several  converging  lines  of  evidence  which  show  that  tlie 
essential  difference  was  not  machinery  versus  hand,  but  rather 
depended  on  the  difference  in  the  time  the'  clay  was  allowed 
to  stand  in  contact  with  water.  There  is  also  a  tendency  for 
the  machine-TYiade  body  to  be  less  uniform  in  texture.  Pug- 
mills  are  not  reallv  ^ood  mixers.  The  preparation  of  the  clay 
for  hand  and  machine  working  usuallv  differs  in  a  way  which 
materiallv  affects  its  working  properties  and  texture.  If  the 
texture  of  tKe  hriclc  be  not  uniform,  strains  will  set  up  when 
the  brick  is  beine:  heated,  owing  to  a  difference  in  the  rates 
of  expansion  of  the  different  parts.  This  "will  lead  to  the 
formation  of  fissures  and  cracks,  and,  maybe,  also  to  spallinof. 
In  the  dry  or  semi-dry  processes  of  m acli i n e-ni ak i n films  of 
air  between  tlie  granules  prevent  their  pacldncr  together  so 
well  as  in  bric"ks  made  by  plastic  processes,  and  this  again  lias 
a  tendency  to  ma'ke  machine-made  bricks  less  sound  than 
hand-made  briclcs. 

Chemical  Analysis. — It  will  be  obvious  that  the  chemical 
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analysis  gives  no  infoniiation  ahoiil  the  grain  or  texture  of 
a  clay.  As  a  result,  the  empirical  method^  of  Biscliof,  Soger, 
and  Ludwig  for  estiiiuit the  rei'rcU^toriiiess  of  a  clay  from 
the  chemical  analysis  must  all  fail  in  particular  cases.  No 
satisfactory  substitute  for  a  a  actual  determination  of  the 
refractoriness  has  yet  been  known,  lii  the  case  of  a  com- 
posite brick  taken  en  masse,  that  is,  one  fortified  with  quartz, 
carborunduni,  zirconia,  bauxite,  &c.，  the  ideal  thing  is  to  tell 
tlio  ooiisunier  the  approximate  proportion  and  character  of 
the  fortifying  agent  and  of  the  binding  clay.  Given  the 
chemical  composition  of  a  brick,  expressed  in  this  form,  it  is 
possible  to  say  whether  it  is  likely  to  be  chemically  affected 
under  the  conditions  which  prevail  in  any  given  furnace.  If 
tlie  clay  itself  is  coarse-grained,  it  should  be  separated  into 
two  or  three  fractions,  by  levigation,  and  the  chemical 
character  of  each  portion  cleterinined  by  analysis. 

Coarst-y rained  Firehricksf  ~ -  Coarse-grained  firebricks 
usually  resist  suddeu  changes  of  temperature  better  than  those 
of  a  closer  texture.  The  rule  is  not  without  exceptions,  but 
the  tendency  to  split  with  abrupt  changes  of  temperature  can 
to  a  certain  extent  be  controlled  by  keeping  the  texture  of 
the  firebrick  open  and  coarse-grained.  Silica  bricks  are  par- 
ticularly liable  to  this  fault  whether  they  be  fine  or  coarse- 
grained. In  the  first  fire,  the  fluxing  lime  becomes  saturated 
with  silica,  and  the  mixture  sets  ；  if  the  set  of  the  grains  be 
afterwards  forcibly  displaced  by  internal  expansions,  the 
binding  agent  is  materially  weakened  by  the  disturbance.  A 
high  temperature  pre-calcination  of  all  or  part  of  the  silica 
would  mitigate  the  difficulty  arising  from  this  particular 
cause.  This  is  done  by  some  manufacturers.  Silica  bricks 
made  with  pre-calcined  material  do  uot  always  ring  so 
clearly  when  struck  together. 

Fine-grained  Firebricks. —— Other  things  being  equal,  a 
fine-grained  texture  gives  firebricks  the  property  of  resisting 
abrasiou  and  attack  of  fluxes,  slags,  flue  dust,  salt  vapours, 
&c.  Chemical  composition  her©  plays  an  important  part  ； 
acidic  bricks  resist  acidic  fluxes  and  basic  bricks  resist  basic 
fluxes,  but  basic  bricks  are  rapidly  eroded  by  acidic  fluxes 
and  basic  fluxes  rapidly  erode  acidic  bricks.  Texture  is  also 
of  vital  importance.  The  joints  separating  the  bricks  from 
one  another  are  the  weakest  places.  Here  the  slag  may  cut  its 
way  until  the  brick  itself  is  undermined  and  isolated.  Ulti- 
mately the  brick  leaves  the  setting,  rises,  and  floats  on  the 
surface  of  the  slag.  Naturally,  the  use  of  large  bricks  would 
lessen  the  number  of  joints,  but  if  the  slabs  be  too  large  they 
are  particularly  liable  to  crack,  and  a  crack  may  cause  more 
damage  than  quite  a  number  of  joints.  The  jointing  clay 
should  also  be  chosen  so  that  it  quickly  vitrifies  without  crack- 
ing and  welds  the  bricks  together  when  the  furnace  is  fired 
for  the  first  time. 

Airplicaiions. — The  consumer  has  to  carefully  consider 
the  conditions  which  prevail  in  different  parts  of  any  par- 
ticular furnace  before  he  selects  for  trial  particular  types  oi 
firebrick  as  likely  to  suit  particular  parts  of  liis  furnace.  The 
bricks  near  the  top  of  the  furnace  are  not  exposed  to  high 
temperatures,  but  there  they  have  to  withstand  a  certain 
amount  of  abrasion,  impact,  and  change  of  temperature.  The 
bricks  are  liable  to  spalling  and  disintegration  due,  as  is  sup- 
posed, to  the  deposition  of  carbon  formed  by  reactions  between 
the  iron  oxide  in  the  brick  and  the  furnace  gases.  Nodules 
or  patches  of  iron  oxide  in  the  bricks  are  more  liable  to  serious 
trouble  than  is  the  case  when  the  iron  oxide  is  more  uniformly 
diffused  throughout  the  mass.  The  bricks  should  also  be  close 
and  compact.  The  temperature  couditious  become  increas- 
ingly severe  in  descending  the  furnace.  The  upper  parts  of 
the  lining  are  normally  protected  to  some  extent  by  the 
development  of  a  surface  film  of  carbon,  but  the  friction  of  the 
descending  charge  and  the  impact  of  fine  particles  of  solid 
carried  forward  by  the  blast  may  produce  erosion,  particu- 
larly if  concentrated  in  local  parts.  The  bricks- in  the  mid- 
zone  are  also  exposed  to  the  slagging  effects  of  particles  of  salt 
and  other  basic  fluxes  from  tlie  coke.  There  are  no  very 
abrupt  temperature  changes,  so  that  a  ciose-textured  compact 
brick  is  desirable  for  this  region.  The  conditions  whicli  prevail 
ill  the  hearth  and  bosh  require  a  very  special  brick  to  with- 
stand high  temperature,  to  resist  the  scouring  action  of  highly 
basic  molten  slag,  and  a  rather  heavy  mechanical  load  ；  the 
volume  changes  should  he  sinall,  since  tlie  bricks  must  be  tight 
without  leakage  ；  but  there  is  comparatively  little  wear  and 


tear  by  abrasion.  The  stove  bricks  should  have  ； i  high 
t  hernial  capacif  y,  so  thai  ilioy  can  al^sorh  and  f^ive  up  1  hn 
hirgCvst.  possible  amounts  of  heat  and  ho  cajmhle  of  rewisiiiifj 
1  he  saii(l-t)la.sti!ig  action  of  llu©  dust . 

Discussion. 

Dr.  Lcssiirg  referred  to  some  tests  which  he  had  niade  five 
or  six  years  ago  for  the  elucidation  of  the  corri])Ohilioii  of 
un fired  mixtures,  especially  in  relation  to  the  manufacture 
of  gas  retorts,  because  it  was  most  diilicult  once  a  brick  had 
been  fired  to  distinguish  ciieinically  or  otherwise  between  the 
corn poneiits  of  the  very  complicated  composite  mixture  which 
then  existed.  The  results  of  these  tests  denionstraled  the 
need  for  the  adoption  of  a  standard  specification  on  the  lines 
of  that  prepared  by  the  Joint  Refractory  Materials  Commit- 
tee of  the  Institution  of  Gas  Engineers  and  the  Society  of 
British  Gas  Industries. 

Dr.  H.  G.  Colmaii  outlined  the  work  of  the  Joint  Refrac- 
tory Materials  Committee  of  the  Institution  of  Gas  Engineers 
and  the  Society  of  British  Gas  Industries.  The  main  work 
of  the  Committee  has  been  the  drawing  up  of  a  standard 
specification  for  the  various  classes  of  materials  commonly 
employed  in  gasworks,  and  the  carrying  out  of  research  work. 
As  far  as  the  latter  was  concerned,  the  Committee  had  not 
been  able  to  proceed  as  it  would  have  wished,  as  the  available 
funds,  even  with  a  grant  from  the  Privy  Council,  only 
amounted  to  £230  per  annum.  A  much  larger  sum  was 
required,  and  he  appealed  to  all  interests  to  co-operate  to 
this  end.  The  chief  matter  on  which  research  had  been  in 
progress  recently  had  been  that  of  the  influence  of  pressure 
on  the  refractoriness  of  a  firebrick,  this  being  a  matter  of 
great  importance  both  for  gas  letorts  and  coke  ovens.'  Inves- 
tigations under  six  further  heads  were  in  progress  under  tlie 
direction  of  Dr.  Mellor,  including  the  determination  of  the 
difference  in  size  of  bricks  when  cold  and  when  at  high  tem- 
perature, the  cement  material  employed,  the  relative  effect 
of  an  oxidising  atmosphere  and  a  reducing  atmosphere,  and 
the  effect  of  firing  temperatures  on  the  subsequent  refractory 
qualities  of  the  goods.  ' 

Mr.  J.  Allen  Howe,  speaking  on  the  recent  work  of  the 
Geological  Survey  on  refractory  materials,  said  that  when  war 
broke  out  there  arose  a  demand  for  information  as  to  the 
supply  of  various  minerals  iu  Great  Britain,  and  as  a  result 
of  this  J3r.  Strahan  (Director  of  the  Geological  Survey)  had 
produced  a  number  of  special  reports  of  the  mineral  resources 
of  Great  Britain,  aud  the  next  of  these  would  deal  with 
refractory  materials.  In  preparing  this  report  the  Survey 
had  got  together  samples  of  the  raw  materials,  together  with 
exact  information  as  to  the  locality  whence  they  were 
obtained,  the  geological  characters  and  the  extent  of  the 
deposits,  and  the  special  local  circumstances  attending  the 
extraction.  In  carrying  out  the  field  work  involved  the  plan 
adopted  liad  been  to  tackle  one  by  one  the  principal  areas  ot 
refractory  material  production,  to  visit  each  of  the  quarries 
or  mines  and  consult  the  producers  of  the  raw  stuff  and 
makers  of  refractory  ware.  One  field  party  started  operations 
in  the  Sheffield  district,  and  worked  northward  to  Durham 
and  Northumberland,  whilst  another  began  iu  the  Staly- 
bridge  district,  passing  then  through  the  Midlands  towards 
North  Wales,  Lancashire  and  Cuniberland  ；  another  pai'ty 
dealt  with  Scotland,  and  South  Wales  was  just  being  finished. 
Several  isolated  areas  had  to  be  dealt  with  separately.  At 
the  same  time  it  was  considered  expedient  to  visit  iu  each  of 
the  mine  centres  a  few  of  the  principal  users  of  the  material, 
and  the  first  consultation  of  this  kind  took  place  at  the  works 
of  Sir  Robert  Had  field.  Since  then  a  number  of  the  leading 
steel  works  had  been  visited  as  well  as  iron,  copper,  and 
spelter  works.  The  object  was  to  produce  in  one  or  two 
handy  volumes  an  account  of  the  raw  refractory  materials 
of  Great  Britain  with  information  as  to  their  geological  posi- 
tion and  available  resources,  their  petrological  and  miner a- 
logical  characters,  together  with  strictly  comparable  data  of 
their  chemical  and  physical  properties. 

Mr.  Crooks  (of  the  Imperial  Institute)  spoke  specially 
upon  the  question  of  the  supply  of  refractory  materials  in 
different  parts  of  the  Empire.  There  was  no  better  graphite 
than  tlie  Ceylon  graphite,  and  there  were  also  considerable 
supplies  in  Southern  India.  Similarly  there  were  abund ant- 
supplies  of  it  in  Canada,  and  it  was  of  the  particular  flaky 
type  which  was  so  important  for  crucible  nianufacture.  Of 
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the  least  important  varieties  of  graphite  there  was  a  fair 
amount  of  the  amorphous  variety  in  various  parts  of  South 
Africa  which,  although  not  comparable  to  some  of  the 
Mexican  and  Korean,  which  were  very  much  in  request,  still 
were  very  useful  materials.  South  Africa  also  had  supplies 
of  these  lower  grade  forms  of  graphite.  There  were  also 
abundant  resources  of  luagiiesite,  v/hich  originally  came  from 
Syria  and  Greece  as  well  as  Austria.  There  were  the  Heath- 
cote  deposits  in  Victoria  which  had  already  been  worked  to 
a  considerable  extent,  and  there  were  also  considerable 
deposits  ill  the  Transvaal  and  elsewhere.  A  somewhat 
singular  deposit  was  in  the  shape  of  a  hydro-niaguesite,  very 
similar  to  the  ordinary  niagnesite,  in  British  Columbia,  and 
from  one  deposit  100,000  tons  had  been  obtained  already. 
The  high  water  content  was  a  difficulty,  however.  India  also 
had  considerable  supplies  of  bauxite,  and,  of  course,  there  were 
the  Antrim  deposits  in  Ireland.  In  British  Guiana,  Ameri- 
can capitalists  were  giving  close  attention  to  the  deposits  of 
bauxite,  and  there  was  little  doubt  that  few  people  realised 
the  immensity  of  the  Empire's  resouces  of  the  various  refrac- 
tories. 

Mr.  Cosmo  Johns,  speaking  generally  on  the  question  of 
silica  as  a  refractory  material,  mentioned  the  want  of  exact 
knowledge  as  to  the  properties  of  this  material,  and  sug- 
gested the  necessity,  for  establishing  a  standard  specification 
•after  carrying  out  trials  of  various  sands  in  the  furnace  with 
coin})eteiic  observers  and  good  workmen.  Even  pure  silica 
must,  contain  some  little  impurity,  and  although  he  had 
arrived  at  certain  figures  regarding  this  they  were  merely  an 
approximation,  and  could  not  be  definitely  put  forward  until 
nnirli  more  experinjez  tal  work  had  been  carried  out.  As  far 
as  his  personal  knowledge  went,  there  should  be  about  2  per 
cent,  alumina  and  certainly  not  more  than  0.5  per  cent,  of 
iron  oxide.  Alkali  was  always  an  evil,  and  should  be  small 
ill  quaiitil-y,  say  not  more  than  0"15  per  cent.  Magnesia 
might  also  be  present,  but  a  sand  containing  all  these  consti- 
tuents must  be  classed  as  a  bad  one.  The  best  sand  was  the 
lower  green  sand  from  Leighton  Buzzard,  and  he  believed 
similar  sand  existed  near  the  Wash  and  no  doubt  elsewhere. 
One  fact  which  showed  that  the  steelmaker  at  any  rate  was 
not  always  so  backward  in  science  as  was  sometimes  sug- 
gested, was  that  when  war  broke  out  the  supply  of  sand  for 
open-hearth  furnaces  was  cut  off,  it  having  been  up  to  that 
time  almost  exclusively  Belgian  silver  sand,  which  was 
admirably  suited  for  the  purpose,  having  a  small  percentage 
of  alkalies  and  high  quartz.  Yet  without  the  slightest 
fuss  British  steelmakers  had  been  able  to  secure  supplies  of 
sands  in  apparently  enormous  quantities,  having  regard  to 
tlie  very  considerable  (leniands  upon  their  works  at  the 
present  time. 

Mr.  Jones  (of  the  Steel  Production  Department  of  the 
Minis!  ry  of  Munitions)  urged  that  the  steel  industry  could 
well  afford  to  set  up  some  organisatioji  by  which  the  interests 
concerned  could  be  brought  closely  together,  and  by  this 
means  the  perfect  brick  would  be  more  quickly  produced.  He 
did  not  think  the  steel  industry  had  paid  sufficient  regard  to 
1  lie  importance  of  silica  bricks  in  furnace  construction  until 
the  war  broke  out.  That  was  perhaps  because  the  industry 
was  always  in  a  position  to  get  as  many  silica  bricks  as  it 
required,  })ut  the  necessity  for  largely  increasing  the  output 
of  steel  had  at  very  sliort  notice  brought  home  very  forcibly 
to  all  steelmakers  the  great  part  tliat  refractory  materials 
))layed  in  connection  with  furnace  construction  and  incicl en- 
tally  the  output  of  steel.  He  urged  Uiat  if  Great  Britain 
was  to  be  the  great  steel-producing  count ly  which  it  could 
be,  and  which  was  necessary  if  we  were  to  pick  up  the  trade 
from  our  enemy,  whicli  was  the  great  desiti era!  utn,  a  closer 
co-ordiTiatiou  between  the  laboratory,  the  steelworks,  and  the 
refractory  niat^nals  works  was  essential. 

{To  he  continued.) 


Acetylene  Committee. —— The  Home  Secretary  has  appointed 
a  coMiiriittee  to  consider  the  existing  regulations  in  regard  to 
filling,  marking,  and  pressure,  &c.，  of  cylinders  of  dissolved 
acetylene  compressed  into  a  porous  substance,  and  to  suggest 
ainendmeiits  these  regulations  where  this  appears  desirable. 
The  secretary  to  the  commiUee  will  be  Major  Crozier,  and  all 
roTriinunications  should  be  addressed  to  liim  at  the  Home 
Office,  Whitehall,  S.W. 


CONTROLLING  THE  SUPPLY  OF  FUEL  TO  OIL  ENGINES. 

A  PATENT  recently  granted  to  Mr.  E.  W.  Fetter,  M.Inst.M.E., 
of  73，  Queen  Victoria  Street,  London,  E.G.,  relates  to  variable 
delivery  fuel  pumps  for  oil  engines,  and  comprises  an 
arrangement  for  adjusting  the  moment  of  injection  of  the 
fuel  so  as  to  make  it  earlier  or  later  as  required  to  suit  the 
working  conditions  of  the  engine.  An  elevation  with  eccen- 
tric strap  removed  and  section  of  the  apparatus  is  shown  in 
the  accompanying  cuts.  Upon 
the  shaft  A  is  fitted  a  carrier 
comprising  a  pulley  B  having 
a  sleeve  C'  the  carrier  "being 
provided  with  concentric  slots. 
On  the  sleeve  is  disposed  a 
casing  E  adapted  to  be  adjusted 
angularly  ou  the  carrier,  and 
to  be  secured  in  position  by 
the  studs  and  nuts  F.  Upon 
the  casing  E  is、  formed  an  ec- 
centric G,  which  bears  on  the 
shaft  A.  On  this  eccentric  la 
disposed  the  outer  eccentric  H， 
provided  with  lugs  J.  On  the 
casing  E  are  mounted  weights 
K，  pivoted  at  M.  Links  N  con- 
nect the  weights  K  to  the 
lug's  J.  The  weights  are  held 
towards  the  shaft  A  by  means 
of  springs  0，  which  are  at- 
tached to  the  casing  and  to  the 
weights.  Upon  the  eccentric 
H  is  disposed  the  strap  R  to 
which  the  pump  connecting  rod  S  is  attached.  In  operation 
as  the  speed  increases  the  weights  K  fly  out  and  pull  the 
eccentric  H  around  the  eccentric  on  the  shaft  A，  whereby  the 
eccentricity  is  reduced  and  consequently  the  throw  of  the 
pump  and  the  amount  of  fuel  supplied;  to  the  combustion 
chamber.  In  order  to  alter  the  moment  when  the  fuel  is 
injected  the  casing  and  with  it  the  inner  eccentric  G,  is 
moved  in  relation  to  the  carrier,  wliicli  is  keyed  to  the  shaft. 
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Di'^YicE  FOR  Controlling  the  Supply 
OF  FuKL  TO  Oil  Engines. 


THE  INSTITUTION  OF  CIVIL  ENGINEERS. 

Presidential  Address, 

U)nti n  ued  from  y"?/^  SS/J.) 

There  is  another  class  of  work  on  which  I  have  seen  a 
good  deal  of  time  and  money  lost,  namely,  the  drainage  of 
low-lying  bog  lands.  I  remember  one  case  of  a  large  low- 
lying  area  near  a  river,  and  surrounded  by  higher  bog  land, 
where  drainage  operations  were  undertaken  on  a  large  scale, 
and  where  what  might  be  mistaken  for  canals  were  cut  through 
the  area.  After  some  years  these  canals  disappeared,  and 
the  bog  returned  to  its  natural  state.  Whether  such  failure 
was  due  to  the  drains  so  disturbing  the  equilibrium  of  the 
surrounding  country  as  to  cause  bog-slides,  I  do  not  know.  It 
is  possible  that  a  larger  number  of  smaller  drains  might 
liave  been  successful  ；  or  that  if  the  larger  drains  had  only 
been  gradually  deepened  over  a  long  period,  allowing  the 
ground  a  chance  of  consolidating,  a  more  satisfactory  result 
might  have  been  attained.  I  made  no  investigation  of  the 
matter,  but  after  knowing  what  happened,  one  can  wisely  say 
it  would  have  been  well  to  make  an  experiment  on  a  much 
smaller  scale  to  begin  with. 

Some  time  ago  my  attention  was  drawn  to  the  fact  that  it 
li;id  been  necessary,  after  some  10  years,  to  renew  a  long 
length  of  heavy  hardwood  wharf  owing  to  ravages  of  teredo. 
Just  above  the  wharf,  and  apparently  under  the  same  condi- 
tions, the  piers  of  a  bridge,  constructed  of  the  same  kind  of 
iiriiber,  and  which  had  been  built  40  years  previously, 
appeared  to  be  quite  sound.  This  was  a  case  where  the  engi- 
neer who  constructed  the  wharf  commenced  the  work  after 
full  investigation,  and  where  the  probability  of  a  long 
life  for  the  wharf  was,  one  would  imagine,  almost 
certain.       1   was    not   at    the    time    given    any  definite 
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leusoii  for  t  Uv  (liflVrem'c  in  ( lie  life  of  il"、  I  iinher  a,i  1  lie  t  wo 
])'aces.  丄 、va、'  not  able  lo  investigate  it ,  and  I  am  doubt  I'ul 
wlietlier  ;inv  investigation  at  t lial  time  woiiltl  Iwive  disclosed 
； I  satisfactory  explanation. 

Kveu  in  steel  bridge  work  we  have  not  ;is  nnu'li  knowledge 
about  the  aoliial  si resses  which  occur  as  is  generally  supposed. 
The  actual  effect  of  rolling  load  on  bridges  has  been  considered 
here  recently.  I  not  think  it  increased  our  knowledge 
very  nuicli  and  there  cer-tainlv  was  consicleral)le  difference  of 
opinion.  Tn  the  difTerent  ineTiihers  of  very  large  bridges 
questions  arise  on  which  engineers  have  come  to  a  decision, 
but  such  questions  as  initial  stresses  in  niaterials,  secondary 
stresses  due  to  distortion,  and  sonielinies  the  varying 
stresses  due  to  ereol  ion,  are  very  difficult  to  tackle  with  any 
confidence  of  arriving  at  exact  results, 

A  cause  of  occasional  failure  in  temporary  works  is  due  to 
the  fact  that  engineers  and  contractors  sometimes  take  de- 
liberate and  justifiable  risks  in  connection  with  such  works. 
If  I  may  again  refer  to  the  Assouan  Dam,  iL  will  give  an  ex- 
ample of  a  case  where  risk  was  deliberately  taken  in  ccnnection 
with  some  temporary  works,  and  where  failure  resulted.  In  the 
construction  of  this  work  it  was  necessary  to  close  the  deep 
summer  channels  of  the  Nile  by  ten.porary  dams  of  stone 
and  sand.  The  time  required  for  the  construction  of  these 
temporary  dams  was  considerable,  and  the  time  between  one 
Nile  flood  and  the  succeeding  one  had  to  be  used  to  the  utmost 
ydvantage  to  get  in  the  foundation  for  the  parmanent  work 
and  to  raise  the  masonry  above  flood  level.  It  would  have 
given  considerably  more  working  time  for  the  permanent  work 
if  it  had  been  possible  to  construct  one  of  the  temporary  stone 
dams  previous  to  the  Nile  flood.  There  was,  however,  the 
question  whether  such  a  temporary  dam  would  survive  the 
Nile  flood,  and  the  contractor  decided  to  take  the  risk.  As 
a  matter  of  fact,  the  temporary  dam  was  swept  away  at  an 
early  stage  of  the  flood.  The  comparatively  small  cost  of  the 
temporary  dam,  some  £1 0,000,  when  compared  with  the  great 
advantage  which  would  have  accrued  in  the  following  working 
season  if  it  had  been  successful,  certainly  justified  the  risk 
taken. 

In  many  cases  of  temporary  works  where  risks  are  taken 
deliberately,  the  cost  of  reconstructing  such  temporary  works, 
should  failure  occur,  might  only  be  a  small  portion  of  the  cost 
involved  if  the  works  were  constructed  in  a  more  solid  manner 
and  in  such  cases  the  risk  is  fully  justified. 

Perhaps  I  have  said  enough  in  this  rather  melancholy 
recital  of  some  of  the  difficulties  which  engineers  have  to 
contend  with  to  show  that  the  common  saying  that  engineering 
is  not  an  exact  science  hardly  goes  far  enough  to  show  how 
inexact  a  science  it  is.  Although  much  of  the  work  of  an 
engineer  is  based  on  strictly  scientific  procedure,  it  is  to  a 
great  extent  dependent  on  experiment,  experience,  and  a 
proper  appreciation  and  balancing  of  the  inexact  knowledge 
available. 

It  is  under  these  circumstances  hardly  to  be  wondered  at 
that  estimates  of  cost  and  time  of  construction  are  not  always 
accurate.  Although  it  is  not  possible  to  draw  any  very  close 
deductions  from  different  tenders  submitted  by  competent 
contractors  for  the  same  work,  owing  to  the  fact  that  one 
contractor  may  happen  to  have  in  his  possession  the  necessary 
plant,  may  have  some  special  facilities  in  a  certain  locality, 
or  may  have  a  particuLar  reason  for  wishing  to  keep  some 
of  his  staff  together,  still  the  great  diversity  in  the  amounts 
of  tenders  received  from  capable  and  experienced  contractors, 
after  making  allowance  for  these  niiitters,  is  only  a  very 
])rHctical  coiifirniation  of  tlie  fact  that  exact  estimates  of  time 
unci  cost  are  impossible. 

The  difficulties  I  liave  mentioned,  and  many  others,  are, 
however,  the  reason  wliy  our  profession  is  such  an  extremely 
interesting  one.  New  unforeseen  difficulties  turn  up  every  day, 
and  new  methods  are  being  continually  found  out  for  dealing 
with  them.  Engineering  works,  after  all,  have  to  be  carried 
out,  and  engineers  and  contractors  have  to  design  and  con- 
struct them  to  the  best  of  their  ability.  It  is  difficult  to  make 
any  suggestions  to  facilitate  our  work,  but  it  has  occurred  to 
me  on  more  than  one  occasion  that  our  brother  engineers  on 
(lie  other  side  of  tlie  Atlantic  devote  more  time  than  we  do 
to  preliminary  work  and  studies,  particularly  in  the  case  of 
liivi^e  luicleil akiiigs.  They  appear  in  some  cases  to  have 
t aiig'ht  their  clicnls  i hat  time  and  money  spent  on  very  full 


iiivosiii^at  ion  and  preliniiiuu  y  st  udics  ii  very  good  ret  urn 
on  the  expeiulil  lire.  The  G overiiiiuiiilH  ol*  Canada  and  I  lie 
United  States  are  also  not  averse  to  collecting  iiifoi'rnaUon 
about  rainfall,  river  discharges,  and  other  rnatlcrs,  wliicli 
information  is  at  tlie  disposal  of  those  who  wish  to  avail  them- 
selves of  it.  If  we  could  prevail  on  ('ur  clients  niul  on  ouv 
Goveniinent  to  take  similar  views,  tliey  would  also  find  1  liaf 
the  money  was  not  wasted.  We  are,  liowever,  as  tilings 
stand,  dependent  to  a  great  extent  on  experience  and  private 
investigation  and  experiment  for  the  success  of  many  of  our 
works.  We  ought  not,  at  the  same  time,  to  forget  t  lie  great- 
obligations  which  we  engineers  are  frequently  under  to 
chemists,  geologists,  metallurgists,  nieteorclogists,  and  others, 
for  the  great  help  wliicli  they  ungrudgingly  give  us. 

I  hope,  however,  that  the  Government  "  Scheme  for  the 
Organisation  and  Development  of  Scientific  and  Industrial 
Research,"  which  has  recently  come  into  existence  and  which 
has  already  made  a  grant  to  this  Institution  for  research  work, 
may  be  a  real  help  to  engineers.  The  scheme,  in  its  main 
features,  is  cue  conceived  on  broad  and  patriotic  lines,  wliich 
may  lead  to  results  even  greater  than  were  anticipated  by 
those  who  framed  it.  As  far  as  I  know,  the  detailed  arrange- 
ments under  which  it  will  be  administered  have  not  as  yet 
been  definitely  laid  down.  Some,  but  not  all,  of  the  indus- 
tries which  may  expect  help  are  at  the  present  time  so 
engaged  with  war  work  that  it  is  not  possible  for  those  con- 
trolling them  to  consider  fully,  much  less  to  carry  out,  useful 
research  work.  Such  work,  to  be  of  real  value,  must  be  under- 
taken ill  consultation  with  the  difTerent  industries.  It  is, 
however,  important  that  some  definite  lines  for  the  working 
of  the  Government  scheme  should  be  laid  down  at  an  early 
date.  I  hope  and  believe  that  it  may  be  developed  on  such 
broad,  liberal,  and  generous  lines  as  will  command  general 
confidence.  If  worked  on  such  lines  the  scheme  will  be  of 
great  value.  "'  A  great  empire  and  little  minds  go  ill 
together." 

I  mentioned  at  the  commencement  of  these  remarks  the 
want  of  success  of  individuals.  It  may  seem  out  of  place  to 
refer  at  this  time  and  in  this  Institution  to  such  a  subject, 
when  practically  all  the  members  of  fighting  age  are  serving 
either  in  the  Navy  or  Army,  and  when  all  those  who  have 
passed  that  age  are  lending  a  hand  to  the  country  in  some 
other  way.  If  the  willing,  and  more  than  willing  anxiety 
to  help  in  what  has  been  called  an  engineer's  war  is  a  measure 
of  individual  success,  then  the  members  of  this  Institution 
have  closely  attained  to  it.  We  know  that  over  2,000  of 
our  members,  out  of  a  total  roll  of  about  9,000,  are  serving 
in  the  figliting  forces,  and  that  we  have  up  to  date  to  mourn 
the  loss  of  nearly  150  members  who  have  made  the  great  sacri- 
fice of  their  lives. 

The  time  will  come,  however,  when  we  must  settle  down 
again  to  our  every- day  duties,  and  thefore  I  venture  to  say  a 
few  words  on  the  question  of  want  of  success  in  individuals. 
All  of  us,  no  doubt,  on  many  occasions  during  our  lives  have 
made  mistakes  which,  with  a  little  reflection,  we  might  have 
avoided.  We  have  often  bought  our  experience  dearly.  We 
probably  realise  that  in  some  cases  there  was  very  little 
n.argin  between  success  and  failure.  In  looking  back,  how- 
ever, over  the  great  number  of  engineers  whom  I  have  come 
across  in  works,  and  in  offices,  I  cannot  bring  to  mind  any  case 
of  a  hard  worker  who  has  really  failed.  It  is  true  that  all 
of  them  have  not  arrived  at  commandinof  and  independent 
j'ositioiis,  but,  then,  all  men  liave  not  the  ambition,  or  wish, 
or  capacity,  for  such  positions.  The  attainment  of  such  a 
place  might  possibly  mean  failure  for  some  of  them,  and  they 
prefer  to  retain  the  confidence  and  respect  of  their  employers 
in  the  secondary  posts,  and  in  doing  so  tliey  probably  have  a 
less  anxious  and  a  happier  life.  I  know  of  some  engineers 
who  have  not  attained  to  high  positions,  but  who  could  be 
sent  to  take  charge  of  works,  with  the  knowledge  that  every 
stage  of  the  work  will  be  carefully  and  continuously  inspected 
by  them,  and  that  if  any  difficulties  arise  tliey  will  recognise 
them,  and  at  once  report  to  their  chief  fully  and  clearly  about 
them.      Such  men  are  invaluable. 

There  are,  liowever,  also  a  great  number  of  engineers  who 
begin  their  professional  work  with  the  lio))e  and  determination 
of  getting  to  the  top  rung  of  tlie  ladder,  or  at  all  events 
Trailing  a  good  fight  for  it.  Tliev  realise  that  the  time  will  come 
when  the  seats  around  this  table  will  be  filled  by  those  wlio  are 


408 


THE   MECHANICAL   ENGINEER.  [November  24,  1916 


now  the  youuger  members  and  they  want  to  be  there.  Tlie  roll 
of  this  Institution,  I  am  glad  to  say,  is  formed  of  men  drawn 
from  all  classes  of  society.  I  consider  that  there  has  been 
in  recent  yeai-s  some  inipi'overnent  in  general  education  which 
tends  to  give  capable  boys  the  chance  of  taking  up  the  profes- 
sion of  engineering  when  they  have  an  iiiclinatiou  iu  that 
direction.  Very  much  more，  however,  might  be  done  in 
til  is  connection.  As  far  as  niy  knowledge  goes,  the  facilities 
for  the  preliminary  education  of  engineers  in  Canada,  Aus- 
tralia, New  Zealand,  and  the  United  States  are  in  some  ways 
greater  tliau  in  this  country,  particularly  as  regards  imparting 
some  very  necessary  commercial  knowledge.  I  believe,  also,  that 
in  our  elementary  schools  we  aim  too  much  at  educating  every- 
one up  to  one  standard  ；  we  do  not  pay  sufficient  attention  to  the 
iiidividualj  and  there  is  hardly  enough  opportu}iity  for  the 
better  boy  to  shake  himself  free  from  the  average.  By  such 
method  money  is  wasted  in  endeavouring  to  educate  a  large 
proportion  of  boys  up  to  a  standard  which  they  can  never 
altaiu,  and  whidi，  if  they  did  attain,  they  would  never  profit 

by. 

I  did  intend  to  say  somethiug  more  about  education  in 
schools  to-night,  but  having  read  during  the  last  six  months 
the  debates  on  education  in  both  Houses  of  Parliament ；，  the 
speeches  made  at  various  important  meetings,  and  the  volu- 
minous correspondence  and  articles  in  different  papers  and 
journals  on  the  subject,  I  do  not  feel  that  my  experience 
justifies  me  in  taking  up  your  time.  Everyone  acknowledges 
ffoir  that  science  has  in  the  past  been  neglected  iu  education 
iu  this  country.  Everyone,  or  nearly  everyone,  agrees  n  o  w 
that  the  teaching  of  science  must  be  one  of  the  principal 
features  of  the  national  education.  In  the  debate  in  the 
House  of  Lords  on  July  26  last  the  Marquess  of  Crewe  stated 
it  was  the  intention  of  the  Government  to  set  up  a  committee 
to  review  generally  the  whole  field  of  national  education^  and 
another  small  committee  to  look  into  the  question  of  scientific 
teaching.  Two  committees  have  so  far  been  appointed,  one  to 
consider  the  teaching  of  natural  science  and  the  other  modern 
languages.  I  hope  there  】nay  be  some  result  from  the  labours 
of  these  committees.  During  the  last  12  mouths  committees 
have  sprung  up  like  mushrooms,  and  it  must  be  getting  diffi- 
cult to  find  the  right  men  who  can  give  time  to  them. 

Before  leaving  the  subject  I  may,  however,  say  that  I 
am  one  of  those  brouglit  up  on  compulsory  Latin  and  Greek 
to  the  age  of  19.  Both  languages  were  taught  to  me  in  such 
a  way  as  to  develop  the  niininmm  amount  of  interest  in  my 
mind  witli  regard  to  the  many  instructive  books  which  I  read. 
I  think  this  teaching  did  me  some  good  and  certainly  no 
harm.  I  have  often  since  thought  that  I  might  have  received 
a  lot  of  good  from  it  if  these  languages  had  been  taught  in  an 
interesting  way. 

On  the  other  hand,  I  was  taught  mathematics  and  such 
experimental  science  as  was  possible  at  that  time  by  a  man 
whose  teaching  was  alive  and  who  made  the  commonplace 
things  interesting.  Iu  fact,  one  could  not  help  learning  fro 川 
liiiii.  I  only  mention  this  because  the  contrast  between  the 
teaching  of  the  two  subjects  was  great,  and  because  I  want  to 
draw  attention  to  the  fact  that  whatever  educational  pro- 
gramme may  be  devised  a  great  lot  depends  on  the  teachers. 
The  live  teacher  is  one  of  the  problems. 

While  I  need  hardly  say  that  I  am  extremely  keen  about 
a  radical  alteration  in  our  teaching  so  that  scientific  educa- 
tion may  be  kept  all  the  time  in  the  foreground,  I  do  not 
wish  to  see  young  men  growing  up  without  what  in  an  old- 
fashioned  way  would  be  called  a  good  general  education.  We 
at  this  institution  have  been  altering  our  examinations  and 
practical  requirements  from  time  to  time  so  as  to  raise  the 
scientific  standard  required  for  students  and  associate  mem- 
bers, but  we  have  not  forgotten  the  value  of  a  good  general 
education.  I  think,  however,  the  time  has  arrived  when  a 
knowledge  of  one  or  more  modern  languages  should  be  made 
obligatory.  丄 am  sure  that  in  the  future  the  institution  will 
not  fail  to  retail  its  general  education  requirements,  while 
at  the  same  time  helping  on  scientific  training  in  every  pos- 
sible way. 

I  liave  frequently  been  asked  by  parents  of  budding  engi- 
neers, and  by  young  engineers  themselves,  for  advice,  ami 
the  remarks  which  I  have  to  make  on  this  subject  are  specially 
directed  to  the  students  and  the  very  young  members  of  the 


institution.  The  examinations  by  the  institution,  or  the  corre- 
sponding ones  at  the  universities,  which  have  now  for  some 
time  been  required  before  a  young  engiueer  can  become  an 
associate  member  of  the  institution  are,  of  course,  only  the 
groundwork  for  the  work  to  come  later  on.  Nothing  can  take 
the  place  of  experience  and  actual  contact  with  difficulties. 
It  is  therefore  nece^rsary  that  au  engineer  should  devote  his' 
time  to  getting  all  experience  possible. 

I  remember  being  told  many  years  ago  by  a  friend  who 
had  passed  through  the  Engineering  School  at  Cambridge 
University,  that  he  asked  the  professor  of  engiueering  at  that 
time  for  some  advice  ou  what  he  should  do.  The  answer  he 
got  was :  ''  Try  and  get  into  some  large  shops,  or  ou  to  some 
large  works  ；  if  you  can't  get  taken  on  as  an  assistant  or 
improver,  try  and  get  taken  on  as  an  assistant  timekeeper." 
There  is  something  to  be  said  for  that  advice. 

1  have  on  one  or  two  occasions  been  asked  by  a  young 
eugiueer  whether,  of  two  posts  offered  to  him,  he  should  take 
that  of  one  amongst  many  assistants  on  a  large  work  with  a 
small  salary,  or  that  of  resident  engineer  on  a  small  unimpor- 
taut  work  at  a  considerably  higher  salary.  Without  hesitation 
I  recommended  the  former  position.  I  knew  that  on  the  large  ' 
works  he  would  see  a  little  of  almost  every  class  of  work,  that 
even  the  temporary  works  of  the  one  were  probably  more 
important  tliau  the  permanent  work  of  the  other,  and  that 
the  fact  of  being  on  a  large  work  would  be  of  great  assistance 
later  oil  and  would  stand  to  him  all  his  life.  He  would  also 
have  the  advantage  of  daily  intercourse  with  other  engineers, 
and  the  emulation  and  friendly  rivalry  between  them  would 
lead  to  efforts  on  his  part  to  hold  his  own.  There  also  exists 
on  large  works  a  feeling  which  'I  can  only  describe  as  engi- 
neering atmosphere,  which  may  have  a  real  influence  on  the 
life  of  a  young  engineer. 

Experience  and  the  passing  of  hard  engineering  exainina- 
tioiis  are,  however,  not  the  only  requisites  for  success  in  our 
profession.  I  suppose  there  is  no  class  of  engineer  more  in 
request  than  the  resident  engineer  or  assistant  engineer  with 
experience  who  can  "  get  on  '，  with  people.  Engineers  are 
afraid  of  assistants  who  cau't  get  ou  with  people.  Such  men 
irritate  clients  ；  they  cause  trouble  whether  tliey  are  on  the 
engineer's  or  contractor's  side.  The  capacity  of  getting  on 
witli  people  and  still  holding  one's  own  has  a  distinct  money 
value,  and  a  very  high  one. 

Closely  akin  to  it  is  the  one  of  being  fair  in  dealing  with 
questions  wliicli  arise  ou  works.  The  resident  engineer  and 
the  contractor's  engineer  who  are  open  with  each  other,  and 
will  not  take  an  unfair  advantage  of  one  another,  have  both 
obtained  a  reputation  of  great  value,  and  which  may  have  a 
far-reaching  effect  even  on  both  their  firms. 

In  my  op;inion  there  is  nothing  which  so  much  enlarges 
a  young  engineer's  breadth  of  view  and  gives  liim  a  feeling 
of  self-reliance  as  a  few  years'  work  abroad.  The  ideal  con- 
ditions iu  connection  with  this  are  that  it  should  be  after  some 
yeaiV  work  at  home,  and  be  on  works  under  construction  by 
a  British  firm  ；  but  these  ideal  conditions  are  not,  of  course, 
always  possible.  One  can  only  acquire  knowledge  of  how 
works  are  carried  out  abroad,  and  the  differences  between 
guch  works  and  those  in  this  country,  by  actually  being 
engaged  on  the  details  of  construction.  In  going  abroad, 
young  engineers  should  be  careful,  if  possible,  not  to  break  , 
any  engineering  connection  which  may  have  been  formed  at 
home.  I  personally  have  always  considered  it  was  extremely 
fortunate  that  I  was  employed  for  seven  years  on  under- 
takings outside  this  country.  In  view  of  foreign  work,  it  is 
essential  that  a  young  engineer  should  know  well  at  least  one 
foreign  language.  This  knowledge  will  often  be  the  deciding 
factor  in  gaining  an  appointment. 

( To  he  continued.) 

The  Royal  Society. ― The  Council  has  awarded  the  Copley 
Medal  to  Sir  James  Dewar,  F.R.S.,  for  his  researches  on  the 
liquefaction  of  gases  ；  the  II 画 ford  Medal  to  Prof.  W.  H. 
Bragg,  F.R.S.,  for  his  researches  in  X-ray  radiation  ；  the 
Davy  Medal  to  Prof.  H.  L.  le  Chatelier  for  his  researches  in 
chemistry  ；  and  the  Hughes  Medal  to  Prof.  Elihu  Thomson 
for  his  researches  in  experimental  electricity.  The  Council 
recommends  that  Sir  J.  J.  Thomson  be  elected  president  at 
the  anniversary  meeting  on  November  30th. 
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EFFICIENCY  OF  PROPULSIVE  MACHINERY  AND  LATE 
DEVELOPMENTS  IN  NAVAL  ENGINEERING, 

11 Y  LIICUT.-COMMANDKR  II.  C.    DINGKR,  U.S.N. 

((^ON chidcd  fro ni  page  oS!),) 

Steam  Used  bif  Auxiliaries. ― A  nuinbor  of  tests  have  recently 
been  made  to  detennine  the  percentage  ot*  total  steam  used  by  the 
auxiliaries  of  naval  vessels,  and  following  are  given  the  approxi- 
mate values  obtained  from  averaging  these  results : ― 
Capital  vessels ― 

Speed,  knots   10      ..      15      ..      19      ..      21      ..  ― 

Percent,  of  total  steam  38  . .  30  . .  18  . .  14  . .  ― 
Destroyers 一 

Speed,  knots   12      ..      1(>      ..      20      ..      25      ..  30 

Percent,  of  total  steam    27      .  •      21      • .      17      -.      13.5  . .  12 

It  will  be  noticed  that  the  percentage  of  steam  used  by  the 
auxiliaries  in  the  case  of  the  destroyers  is  considerably  less  than 
that  used  by  the  large  vessels.  This  condition  accounts  for  the 
fact  that  the  destroyer  machinery  proves  to  be  more  efficient  than 
that  of  the  capital  vessels.  The  above  are  average  results  for 
certain  average  conditions,  but  it  is  believed  that  the  steam  con- 
sumption of  the  auxiliaries  can,  by  special  care  and  attention,  be 
reduced  from  10  to  25  per  cent,  below  the  average  conditions 
which  obtained  when  the  water  consumption  was  measured. 

The  auxiliary  exhaust  that  is  not  used  in  the  feed  heaters  is 
used  in  the  low-pressure  turbines,  so  that  under  the  conditions  of 
actual  operation  the  auxiliaries  do  not  use  the  full  extent  of  this 
percentage,  and  all  over  about  10  per  cent,  is  used  in  the  low- 
pressure  turbine,  where  it  will  give  approximately  half  the  return 
that  the  same  amount  of  live  steam  entering  at  the  throttle  would 
give.  Therefore,  strictly  speaking,  the  auxiliaries,  except  electric 
generators,  should  be  charged  with  only  about  half  of  the  above 
percentages,  since  they  exhaust  at  about  lOlbs.  pressure,  and 
this  exhaust  is  used  effectively  both  in  the  feed  heater  and  in  the 
turbines.  The  following  table  has  been  compiled  to  show  the 
approximate  steam  consumption  of  various  auxiliaries  on  large 
vessels  for  full-power  conditions.  The  amounts  of  steam  used 
are  quite  variable  and  depend  not  only  upon  the  design  of  the 
auxiliaries  but  also  on  the  method  of  operation.  The  following 
gives  the  percentages  of  steam  used  by  the  auxiliaries  : ― 


Per  cent,  of 
total  steam. 

Feed  pumps   3-0  to  5-0 

Circulating  pumps    1-5  to  2*5 

Air  pumps  and  condensate  pumps    0-2  to  0-6 

Forced-draught  blowers    1<5  to  3*0 

Lubricating  piimps   0-1  to  0-2 

Oil-fuel  pumps    <).2  to  0-4 


Total  for  auxiliary  machinery  necessary  to  operate  main 

engines   (>«5  to  11-7 

BiJge  pumps,  ice  machities,  steering  engine,  and.  other  mis- 
cellaneous machinery    1-0  to  4-0 

Dynamo  plant  othor  than  forced-draught  blowers   1  -0  to  2-0 


Total   8.5  to  17- 

Evaporating  plant,  depending  on  rate  of  use. 


The  principal  steam  users  among  the  auxiliaries  are  the  feed 
pumps,  circulating  pumps,  and  forced-draught  blowers  ；  the 
other  auxiliaries  of  naval  vessels  use  a  relatively  very  small 
percentage  of  steam.  The  introduction  of  turbine-driven  centri- 
fugal feed  pumps  will  reduce  the  steam  consumption  for  feeding. 
The  consumption  of  circulating  punipH  is  reduced  by  the  use  of 
scoop  injection  for  condensers  on  destroyers  and  scouts,  and  on 
other  vessels  where  this  is  practicable.  The  consumption  for 
forced-draught  blowers  is  reduced  by  using  larger  blower  units 
and  by  having  arrangements  made  whereby  two  blower  units  are 
compounded.  Compounding  has  actually  been  made  luse  of  in 
several  instances. 

Electric  forced-draught  blowers  have  been  used  on  a  con- 
siderable number  of  large  vessels.  While  this  practice  is  fairly 
economical,  the  desired  speed  regulation  is  not  secured,  and 
electrically-driven  blowers  are  not  well  suited  to  oil-burning 
installations.  The  objections  to  the  electrically-driven  blowers 
are  :  (1)  Difficulty  in  obtaining  as  variable  a  speed  as  is  desirable 

•Paper  presented  at  a  meeting  of  the  Philadelphia  section  of  the  American 
Society  of  Mechanical  Engineers,  May  23rd,  1916. 


and  necessary  witli^oil  fuel.  With  straiii-tiirhino  drive  niinuie 
regulation  is  possible.  (2)  Additional  ^(！ noratin*^  unit«  liav (！  to 
1)6  started  when  a  considerable  niunbcr  of  blowers  an，  started 
(.">)  Starting  and  stopping  of  blowers  creates  a  very  varia))lc  load, 
and  in  order  to  accoininodato  this  IojkI  extra  g(>n(>mt(,r-s  liavo  to 
l)e  kept  in  oporation.  (4)  Klectrically-drivcn  l)low('rs  cannot  be 
cfriciontly  operated  at  low  speeds,  ami  in  many  cases  a  low  speed 
is  desirable  to  suit  tlie  boiler  output  at  any  one  time.  (.1)  Circuit 
breakers  are  likely  to  blow,  and  if  this  liappen-s  flare-hacks  may 
take  place  and  all  steam  generation  be  stopped  until  the  blowers 
are  again  started.  With  steam-turbine  drive  it  is  very  unlikely 
that  all  blowers  would  stop  at  the  same  time. 

It  must  be  remembered  that  the  auxiliary  exhaust  is  now 
invariably  used  for  feed  heating  and  in  some  instances  for  dis- 
tilling, so  that  the  actual  heat  used  by  the  auxiliaries  is  really 
from  4-5  to  9  per  cent,  of  the  total  instead  of  from  8-5  to  18  per 
cent.  The  auxiliaries  can,  by  lack  of  care  in  design,  condition, 
and  operation,  become  very  wasteful,  so  that  they  do,  in  cases,  use 
two  or  three  times  the  amounts  stated.  But  in  our  best  per- 
formances we  are  reducing  the  percentage  of  available  heat  used 
by  the  auxiliaries  to  approximately  5  per  cent,  of  the  total  at 
full  power.  By  improvement  in  design  and  operation  this  figure 
can  be  still  further  reduced,  but  no  very  marked  further  saving 
in  steam  used  for  auxiliaries  is  practicable. 

New  Types  of  Machinery. —— In  the  search  for  economy  and 
efficiency  there  are  new  types  of  naval  machinery  to  deal  with 
which  are  causing  both  the  directly  connected  turbine  and  the 
reciprocating  engine  to  be  superseded.  These  are  the  geared 
turbine  and  electric  drive.  The  hydraulic  transmitter  has  also 
been  considered  abroad.  These  innovations,  which  have  actually 
been  tried  in  quite  a  number  of  cases  both  on  naval  vessels 
and  in  the  merchant  marine,  will  secure  an  advantage  in  economy 
of  10  to  15  per  cent,  as  compared  with  the  directly  connected 
units,  as  well  as  a  material  saving  in  weight.  In  this  connection 
note  the  position  of  the  curves  of  the  "  Wadsworth,"  our  first 
U.S.  geared  destroyer.  For  certain  types  of  vessels  the  geared 
turbine  has  the  advantage  over  the  electric  drive.  For  other 
types  the  reverse  is  the  case. 

For  large  capital  vessels  of  high  speed  the  electric  drive 
appears  to  have  the  advantage  for  the  following  reasons :  (1) 
There  is  much  more  flexibility  so  far  as  arrangement  and 
shaft  and  piping  connections  are  concerned.  (2)  Better  economy 
at  cruising  ranges  is  secured.  (3)  Generator  rooms,  boilers, 
piping,  &c.,  can  be  more  adaptably  arranged.  The  necessity  for 
bringing  large  steam  pipes  through  boiler  compartments  and 
back  to  the  engine  room  is  avoided,  electric  conductors  taking 
the  place  of  these  large  pipes.  (4)  Parts  of  machinery  can  be 
undergoing  repair  while  other  parts  are  in  operation  at  a  very 
large  percentage  of  the  total  power  of  the  vessel.  (5)  Much  better 
handling  conditions  are  secured,  and  a  greatly  improved  power 
for  backing  is  present  without  the  complication  caused  by  the 
use  of  hacking  turbines,  (fi)  It  is  entirely  practicable  to  use  a 
high  degree  of  superheat. 

Gearing  versus  Electric  Drive. 一- Gearing  is  more  suitable  than 
the  electric  drive  for  light,  high-powered  vessels  of  the  destroyer 
or  scout  type,  because  it  is  more  compact  and,  within  the  limita- 
tions of  these  vessels,  is  lighter  than  tlie  electric  drive.  It  is  a 
little  more  economical  at  high  power,  hut  not  as  economical  at 
cruising  and  intermediate  speeds.  Gearing  is  more  suitable  for 
light,  high-powered  installations  where  weight  and  space  are  cut 
to  the  minimum  and  where  the  power  is  not  so  great  but  what  the 
leads  of  steam  piping  and  shafting  can  be  satisfactorily  handled. 
The  tiirbine-reduction-gear  lay-out  does  not  permit  of  as  much 
protection  to  the  machinery,  and  the  handling  arrangements  and 
flexibility  are  not  as  good.  In  the  scout  and  destroyer  designs, 
machinery  of  the  following  characteristics  may  be  applied  : 
Powers  uj)  to  25,000  shaft  horse-power  on  one  reduction  gear  set, 
two  pinions  being  utilised.  Water  consumption  of  10'5lbs.  to 
lllbs.  per  shaft  horse-power  at  full  power  ；  machinery  weight 
(total)  about  401bs.  per  shaft  horse-power.  Such  machinery  con- 
templates the  use  of  scoop  injection  condensers,  and  also  the 
possible  use  of  steam  ejectors  or  kinetic  tanks  in  place  of  air 
pumps.  Such  machinery  also  requires  the  reduction  of  all  the 
auxiliaries  to  the  lowest  limit  that  is  practicable. 

A  comparison  of  gearing  and  electric  drive  on  various  points 
is  given  below.    The  advantage  is  not  all  one  way,  and  the  special 
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conditions  of  vessel  and  her  service  requirements  will  govern  the 
choice  of  one  type  or  the  other. 

Gearing.  Electric  Drive. 

Weight, 


Economy. 


The  initial  advantage  rests 
with  the  gearing,  since  the  gear 
will  not  weigh  as  much  as  the 
generator  and  motor  combined. 
As  very  large  powers  are  used 
and  a  multiplicity  of  shafts,  this 
advantage  is  lessened. 


The  saving  of  weight  by 
rifi    gearing  will,  however, 


not  be  a  very  large  percentage 
of  the  total  machinery  weight, 
probably  not  more  than  1  or  2 
percent.  However,  considerable 
weight  in  piping  is  saved  by 
means  of  the  electric  drive,  so 
that  for  large  vessels  the  weight 
of  machinery  is  about  the  same 
for  either  gearing  or  for  electric 
drive. 
Space. 


The  advantage  will  rest  to  a 
slight  extent  with  gearing,  so 
far  as  the  cubical  contents  are 
concerned. 


Ra 

The  gear  and  turbine  will  be 
subject  to  the  racing  action  of 
the  propeller. 


The  space  can,  however,  be 
in  many  cases  more  advan- 
tageously utilised.  The  genera- 
tor can  be  placed  at  some  dis- 
tance from  the  motor.  The 
shaft  can  be  greatly  shortened. 
This  advantage  shows  up 
specially  on  large  vessels. 
Superior  boiler-room  arrange- 
ments can  be  utilised. 


There  will  be  no  racing.  The 
motor  will  govern  the  propeller 
and  maintain  even  speed.  This 
fact  may  possibly  produce  a 
slight  gain  in  propulsive  effi- 
ciency. 
Handlirij, 

Handling  is  satisfactory.  The  advantage  rests  with 

the  electric  drive,  especially 
with  regard  to  backing  power. 
See  Jour.  A.S.N.E.,  February, 
1 91 6,  Stopping,  Backing,  and 
Turning  Ships,  by  Lieut.  S.  M. 
Robinson,  U.S.N. 

Adaptability  to  Best  Conditions  for  Efficient  Propulsion. 


The  gear  ratio  having  been 
adopted  it  cannot  be  changed. 
If  the  effective  horse-power  and 
propeller  efficiency  have  not 
been  accurately  estimated,  an 
improper  ratio  will  be  present 
which  may  prevent  the  turbine 
from  securing  its  most  efficient 
speed.  Unless  very  high  gear 
ratios  are  employed  the  most 
economical  turbines  cannot  be 
used. 

Facility 

No  special  advantage. 
Whole  engine  plant  has  to  be 
run  when  under  way.  At 
present  lar^^e  gears  can  only  be 
cut  by  very  few  firms. 


Repairs  to 
Repairs  to  gearing  will  be 
little  or  nothing  ；  but  if  dam- 
aged to  any  extent,  however, 
gear  will  have  to  be  replaced.  A 
spare  gear  should  be  at  hand  to 
replace  one  damaged  by  acci- 
dent. 


The  relative  speed  of  propel- 
ler and  turbine  can  be  altered  to 
any  extent.  The  turbine  can 
therefore  run  at  its  most  effi- 
cient speed  without  reference  to 
the  propeller  speed.  This  en- 
ables a  very  high  speed  turbine 
to  be  used,  which  allows  of 
greater  economy.  The  design 
can  utilise  the  very  best  pro- 
peller conditions  without  affect- 
ing the  design  or  limitation  of 
the  turbine. 

for  Repair. 

In  case  of  accident  genera- 
tor and  motor  parts  can  be  re- 
newed more  easily  than  gear 
can  be  repaired.  One  generator 
can  be  repaired  while  other 
works  to  full  power.  This  will 
give  about  three-quarter-speed. 

be  Expected. 

The  repairs  to  a  generator 
and  motor  may  be  of  consider- 
ably greater  extent  and  may 
cost  more  than  those  to  gear, 
but  they  can  be  more  readily 
made,  and  actual  experience 
with  the  "  Jupiter  "  does  not 
indicate  that  there  will  be  large 
repair  bills. 


With  the  same  boilers  and 
turbines  gearing  has  an  advan- 
tage of  about  5  per  cent,  at  full 
power.  The  same  turbines  may, 
however,  not  be  feasible,  since 
the  turbine  to  be  used  must 
accommodate  itself  to  the 
gear  that  is  being  used. 


Reversibility— 

Requires  a  backing  turbine, 
which  complicates  design  and 
enables  only  a  portion  of  full 
power  to  be  used  for  backing. 
Limited  to  about  50  per  cent, 
backing  power,  even  with  very 
large  backing  turbines. 


Care  in 

Little  or  no  special  care  re- 
quired for  the  gear.  Oil  supply 
the  essential  matter.  Some  dif- 
ficulty in  lubrication  has  been 
experienced. 


Owing  to  ability  to  use  only 
one  generator  at  below  half 
power  the  ability  to  run  genera- 
tor  at  practically  constant 
speed  and  the  flexibility  of  the 
electric  bond  to  adjust  itself  to 
any  speed  ratio,  it  is  likely  that 
the  initial  advantage  of  gearing 
in  economy  will  disappear  at 
cruising  speeds,  and  at  low- 
speeds  the  electric  drive  will  be 
more  economical. 

Backing  Power, 

Full  backing  power  is  se- 
cured without  disturbing  tur- 
bine. Reversing  is  made  par- 
ticularly easy,  and  the  full 
utilisation  of  the  steam  supply 
is  possible  for  backing,  since 
there  is  about  the  same 
engine  efficiency  backing  as 
going  ahead. 

Operation. 

Considerable  attention  will 
have  to  be  given  to  maintaining 
generator  and  motor  in  condi- 
tion. This  also  requires  a 
special  knowledge  of  electrical 
features,  for  which  personnel 
will  have  to  be  specially  trained. 
Ventilation  of  motor  and  keep- 
ing it  dry  will  require  special 
attention. 


Facility  for  Installation. 


Location  of  turbines  and 
gear  fixed  by  position  of  shaft. 


Generators  can  be  located 
anywhere  without  regard  to 
shaft.  Best  location  of  con- 
denser, steam  piping,  &c.，  can 
be  secured.  This  enables  a 
more  adaptable  and  simple 
arrangement  to  be  made. 
Special  advantage  of  this  may 
be  taken  in  making  best  pro- 
vision for  torpedo  protection. 

Which  to  Base  Design. 

All  portions  of  the  electric 
drive  apparatus  have  been  built 
and  fully  tested  out.  They 
have  been  applied  to  one  marine 
instalation  and  have  been 
successful. 


Certainty  of  Data  on 
Gears  suitable  for  very  large 
power  have  not  yet  been  built 
in  this  country.  Each  installa- 
tion practically  necessitates  a 
new  design  of  the  gear.  Exist- 
ing installations  have  been  gen- 
erally successful,  but  some 
trouble  with  wear  on  gear  and 
breaking  of  gears  has  been  ex- 
perienced. 

The  Ljungstrom  turbo-dynamos  are  a  new  feature  in  marine 
electric  driving,  but  though  there  has  been  an  installation  actually 
built,  the  device  is  still  experimental.  If  it  stands  up  in  service, 
it  will  be  a  means  of  improving  the  now  accepted  type  of  electric 
drive  in  this  country  by  about  10  per  cent.  Nothing  definite  has 
been  done  with  this  device  in  the  United  States,  though  a  great 
increase  in  economy  is  claimed  for  it  and  has  been  secured  in 
numerous  actual  installations. 

Boiler  Efficiency. 一 The  campaign  for  economy  also  makes  it 
necessary  to  enquire  into  possible  ways  of  improving  boiler 
economy.  Boiler  efficiency  has  remained  approximately  at  a 
standstill  for  quite  a  number  of  years,  but  the  advent  of  oil  burn- 
ing has  given  a  new  phase  to  the  situation.  By  means  of  improved 
burners  continual  improvement  in  combustion  has  been  effected. 
A  great  deal  of  experimental  work  has  been  done  by  the  fuel-oil 
testing  plant  at  the  Navy  Yard,  Philadelphia,  and  marked  im- 
provement in  burners  has  been  secured. 

It  is  believed,  however,  that  we  are  about  to  secure  a  material 
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iniproveinont  by  arnui^iii^  tho  lit"it'ing  surface  of  boilers  so  as  to 
secure  a  j)ropor  relation  between  the  flow  of  gases  and  tlu*  circu- 
lation of  water,  Tho  actual  course  of  circulation  in  water-tube 
boilers  is  a  mattor  that  boars  study  and  investigation.  A  recent 
disclosure  has  shown  that  soino  goiiorally  acccptod  ideas  arc  in 
error.  It  is  boliovod  that  to  obtain  the  Ix'st  ofHcioncv  the  gases 
must  be  so  diroctod  as  to  pass  in  the  countor  direction  to  tho  flow 
of  water  in  th(、  tuhos.  and  that  a8  the  gases  aro  cooled  ami  thi、 
volunio  roducod  the  aroa  of  the  gas  passage  should  ho  docreasod 
in  order  that  the  velocity  of  the  gases  may  be  maintained  at  a 
proper  point'  for  the  requisite  efficiency.  Some  experiments  along 
these  lines  are  under  way. 

Tho  best  boiler  results  that  we  have  record  of  give  from  77  to 
81  j)or  cent.  efficicMicy  for  well-baffled  straight- tube  boilers  (with 
0«  lib.  to  0'3IbvS.  oil  per  square  foot  of  heating  surface),  and  about 
70  to  78  per  cent,  for  express  boilers.  With  coal  the  boiler 
efficiency  averages  about  5  per  cent.  less.  It  is  believed  that  by 
special  care  based  on  proper  experimental  data  a  boiler  efficiency 
of  85  per  cent,  can  be  secured  for  continuous  operation  on  board 
ship,  this  economy  to  be  effected  by  means  of  proper  baffling  and 
proper  relation  of  baffling  to  boiler  circulation,  and  by  supplying 
more  efficient  clothing  and  lagging.  An  oil  furnace  means  a 
higher  furnace  temperature,  and  hence  more  boiler  clothing  is 
needed. 

Special  Conditions  of  Design. 一 The  demands  upon  the  engineer 
to  secure  in  the  new  designs  the  necessary  power  for  a  great 
increase  in  speed,  as  well  as  for  special  and  unprecedented  pro- 
tection from  torpedo  attack,  have  made  it  necessary  to  get  every 
bit  of  power  out  of  every  pound  of  weight  and  cubic  foot  of  space 
allowed.  Everything  non-essential  must  be  left  off,  and  every 
part  must  be  designed  to  be  adequate  but  without  excessive 
margin.  The  principal  method  of  saving  both  weight  and  space 
is  to  install  machinery  that  will  secure  the  highest  practical 
economy,  and  in  searching  for  the  means  of  accomplishing  this 
the  naval  engineer  is  looking  to  the  engineering  talent  of  the 
country  to  come  to  his  assistance. 

New  Developments  in  Naval . Engineering. ― The  present  time 
is  especially  a  period  of  development  in  naval  engineering.  The 
European  war,  and  the  developments  caused  by  it,  have  empha- 
sized, and  will  tend  to  emphasize,  many  new  features  and  point 
out  special  lines  of  advancement  in  naval  engineering.  We  are 
now  almost  at  the  stage  of  discarding  the  reciprocating  engine 
and  the  direct  turbine  drive  for  new  fighting  craft,  and  in  their 
place  are  coming  turbine  reduction  gear  and  the  electric  drive, 
with  the  oil  engine  for  submarines  and  as  a  possibility  for  some 
auxiliary  vessels.  Coal  burning  is  being  superseded  by  oil  burn- 
ing on  nearly  all  classes  of  vessels  building  for  our  navy.  There 
have  been  recently  successfully  tried  three  super-dreadnoughts, 
the  "  Nevada,"  "  Oklahoma,"  and  "  Pennsylvania,"  all  of  them 
equipped  with  oil-burning  boilers  exclusively.  This  marks  a 
special  step  of  progress  in  the  evolution  of  naval  engineering  work, 
and  the  use  of  oil  fuel  has  permitted  many  engineering  and  operat- 
ing advantages  to  be  secured.  Special  development  is  taking 
place  in  the  field  of  aeronautical  apparatus,  and  a  great  deal  of 
this  is  being  done  by  the  co-operation  between  the  navy  and  the 
engineering  industries  of  the  country.  Many  new  developments 
of  condensing  apparatus,  pumps,  and  other  auxiliaries  are  coming 
on.  New  things  are  dawning  all  the  time,  and  as  fast  as  they  give 
promise  of  practicability,  reliability,  and  proper  adaptation  to 
naval  use,  they  are  tried  out  and  adopted.  There  is  continual 
progress  towards  greater  efficiency,  greater  economy,  compact- 
ness, and  in  reduction  of  weight,  which  enables  the  United  States 
to  take  the  lead  in  engineering  development.  Such  developments 
are  largely  the  result  of  co-operation  between  the  industrial 
engineers  and  the  naval  engineers.  Further  to  develop  this,  more 
experimental  and  laboratory  work  is  necessary,  and  the  country 
must  be  willing  to  spend  some  money  for  experimentation  in 
order  to  save  in  actual  service,  and  to  secure  greater  efficiency. 

The  navy  has  now  in  service  one  destroyer,  one  destroyer 
tender,  and  one  submarine  tender  equipped  with  Parsons  turbine 
reduction  gear,  and  one  collier  equipped  with  Westinghouse 
reduction  gear.  There  are  building  four  destroyers  with 
machinery  of  this  type,  three  with  Parsons  turbines  and  one  with 
Curtis.  Geared  cruising  turbines  are  being  used  on  15  destroyers 
and  five  battle-ships  built  and  building.  The  electric  drive  has 
been  tested  out  on  one  auxiliary  vessel,  and  is  being  installed  on 


t  lirci'  lirHt-clas.s  Imt't  l''- ships  huildiniz.  In  ( In-  mat  (cr  of  electric 
(lriv(>  for  propulsion  of  sliijis  our  navy  is  tJic  pioneer.  Thin  is 
(Mitiroly  ati  Aincricaii  (l(>v (小） [)" 賤 t,，  and  th<，  \wn  responsible  for 
its  initiiitivc  and  its  d"v('lo|"m'nt  to  a  .suocrsKful  point  an*  all 
Am("'i(':uis.  The  Navy  Dispart nu'nt  has  materially  assi.st<»d  in 
tins  dov('l()|)i»i(^iit.  An  ox[)oriiii('nta!  I)i('H('l  rriji""',  llic  lar^rcst 
y(、t  to  installed  on  a  vessel,  has  b('(»n  (:om|)h'f,('(l  at  tho  Navy 
Yard,  New  York,  and  is  now  l)(Mn<r  installed  on  the  <)il-fu('l  carrier 
"Miuum、( 、-"  which  has  been  towed  there  from  San  Francisr-o. 
This  2-cycIo  Diesel  engine,  of  5,200  h.p.，  was  built  by  the  Govern- 
iHcnt.  The  tender  "  Fulton  "  has  been  equipped  with  a  2-cycle 
Diesel  engine  and  has  been  in  service  for  over  a  year. 

Among  the  new  things  in  the  auxiliary  machinery  of  naval 
vessels,,  it  may  b(、  mentioned  that  the  small  steam  turbine  has 
been  developed  as  the  accepted  driven  for  forced-draut^ht  blowers 
on  nearly  all  our  naval  vessels.  In  this  also  the  United  States 
has  been  the  piom 少 r.  The  use  of  gearing  for  turhine-drivon 
generators,  pumps,  and  blowers  has  also  been  initiated.  Rotary 
pumps  are  now  being  used  for  oil-fuel  service. 

Condensers. ― The  principal  improvement  in  condenser  prac- 
tice has  been  the  adoption  of  expanded  tubes  in  place  of  packed 
tubes.  Expanded  tubes  can  be  kept  absolutely  tight,  while  there 
is  always  some  doubt  about  a  packed  tube.  For  some  years 
expanded  tubes  have  been  used  on  destroyers.  For  large  vessels 
the  tubes  have  been  expanded  at  inlet  end  and  packed  at  outlet 
end.    This  prevents  crawling  of  tubes. 

Augnienters,  dual  air  pumps,  or  some  kind  of  dry  vacuum 
apparatus  are  installed.  Tube  spacing  to  allow  of  least  po.s^sible 
resistance  to  flow  of  steam  is  being  employed. 

Steam  ejectors  in  combination  with  a  condensate  pump  have 
been  experimented  with,  and  their  use  is  being  considered.  These 
ejectors  save  a  great  deal  of  weight  and  space,  but  they  will  have 
to  be  thoroughly  tried  out  before  they  can  be  generally  applied. 

The  importance  of  high  vacuum  is  fully  appreciated,  and  no 
effort  is  spared  to  obtain  all  possible  advantage  within  the  limita- 
tions of  the  design.  On  turbine  vessels  the  design  contemplates 
securing  a  vacuum  of  about  28in.  to  28|in.  of  mercury  at  full 
power,  with  circulating  water  at  70°  Fah.  At  lower  powers  a 
better  vacuum  is  obtained.  On  destroyers  and  scouts  scoop  in- 
jection condensers  are  being  used,  with  a  small  auxiliary  circu- 
lating pump  to  furnish  circulating  water  for  backing  and  while 
vessel  is  standing  still  or  manoeuvring. 

Feed  Puwps. ― Turbine-driven  multiple-stage  centrifugal  feed 
pumps  are  being  installed  on  our  latest  vessels.  It  is  expected 
that  these  pumps  will  be  more  reliable,  furnish  a  more  steady 
pressure,  and  be  considerably  more  economical,  especially  in 
repairs,  than  the  reciprocating  plunger  pumps  that  they  super- 
sede. It  is  also  expected  that  the  centrifugal  pumps  will  require 
far  less  overhaul  and  will  lessen  the  danger  of  rupturing  feed 
piping. 

Rot  aril  Puwi"  are  being  adopted  for  fuel  oil  service.  These 
pumps  give  a  more  steady  pressure.  . 

CO2  Refrigemtimj  Mack  ines  are  being  used  in  place  of 
dense-air  ice  machines.  Some  of  the  later  machines  are  electri- 
cally driven,  but  there  is  no  very  special  advantage  in  the  electric 
drive.  Small  electrically-driven  refrigerating  machines  of  several 
types  have  been  developed  for  use  on  destroyers  and  small  craft, 
these  being  similar  to  machines  used  in  yachts  and  private  houses. 

Distilling  Plants  of  multiple-effect,  low-pressure  (operating 
under  a  vacuum),  non-scaling  type  are  being  fitted,  and  auxiliary 
exhaust  is  being  extensively  used  for  operating  evaporators.  These 
steps  have  resulted  in  materially  reducing  the  fuel  consumption 
in  port.  The  use  of  feed  heating  in  connection  with  distilling 
plants  is  being  extended  and  consequent  gain  in  economy  realised, 

Chitches  for  connecting  or  disconnecting  cruising  units  or 
motors  while  shafts  are  revolving  have  been  experimented  with 
and  installed  in  a  number  of  vessels  ；  some  are  hydraulic  oil 
clutches,  others  magnetic.  A  thoroughly  reliable  clutch  for  this 
service  is  very  desirable,  and  from  the  different  kinds  tried  it  is 
hoped  that  several  will  be  developed  beyond  the  experimental 
state  in  the  near  future.  The  clutches  used  are  the  Metten  clutch, 
operated  by  oil  pressure,  the  Turner  mechanical  clutch,  and  the 
magnetic  clutch  manufactured  by  the  Cutler-Hammer  Company. 

Forced'dravght  Bloivers. 一 Tests  and  experiments  have  been 
carried  on  for  several  years  in  order  to  develop  forced-draught 
fans  for  destroyers  that  will  be  both  strong  and  durable,  and  which 
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will  operate  as  noisolessly  as  possible.  This  is  an  extremely  im- 
portant matter,  as  the  noise  of  these  fans  is  one  of  the  things  that 
will  disclose  the  presence  of  a  destroyer  to  an  enemy  ；  it  also 
indicates  lack  of  efficiency. 

The  Gyroscope,  besides  its  entirely  successful  application  in 
the  gyroscopic  compass,  which  is  now  installed  on  all  naval  vessels 
of  fighting  value,  and  which  has  made  submarine  navigation 
practical  and  reliable,  is  also  being  used  in  numerous  other  fields, 
such  as  a  stabliser  for  air  craft,  submarines,  and  for  other  naval 
craft. 

Radio  Apparatus.  ― In  the  field  of  radio  development 
tremendous  strides  are  being  made.  The  range  of  apparatus  on 
naval  vessels  has  been  doubled.  Trans-Pacific  stations  are  being 
built  to  connect  the  radio  chain  across  the  Pacific  from  San  Diego 
to  Cavite  via  Pearl  Harbour.  The  wireless  telephone  is  also 
being  developed  in  conjunction  with  the  radio  stations. 

Standardimtion  of  Engineering  Apparatus. 一 Another  vital 
matter  involving  naval  engineering  preparedness  is  the  standardi- 
sation of  engineering  methods,  tools,  gauges,  fittings,  parts,  &c. 
Comparatively  little  has  been  done  in  this  matter,  and  the  diffi- 
culty seems  to  be  to  get  someone  or  somebody  to  start  things. 
The  American  Society  of  Mechanical  Engineers  and  other  en- 
gineering societies  have  laboured  in  this  field,  but  definite  progress 
is  not  satisfactory. 

Standardisation  of  】)ieclianical  apparatus  is  essential  to  the 
maximum  efficiency  of  the  naval  engineer.  Whenever  standar- 
dised commercial  articles  can  be  used  the  Department  is  desirous 
of  so  doing,  as  a  standard  commercial  article  is  (1)  more  quickly 
obtained,  (2)  allows  increased  competition,  (3)  will  be  cheaper, 
(4)  will  necessitate  carrying  a  smaller  stock  of  material,  (5)  and 
can  l)e  obtained  readily  when  away  from  the  source  of  supply. 

Steps  towards  standardisation  have  been  made  along  the 
following  lines  :  (1)  Boiler-tube  specifications  of  the  American 
Society  for  Testing  Materials,  the  American  Society  of  Mechanical 
Engineers,  and  Railway  Master  Mechanics'  Association  are 
recognised  by  law  in  several  of  the  States  ；  (2)  spark  plugs  for 
gas  engines  are  fast  coming  to  a  standard  size  with  a  standard 
screw  thread. 

The  Navy  Department  has  always  been  in  favour  of  standar- 
dising mechanical  apparatus,  and  of  late  years  we  are  trying  hard 
to  fix  matters  so  that  the  best  commercial  practice  in  any  field 
will  be  suitable  for  naval  work.  Standardisation  in  many  par- 
ticulars is  essential,  and  the  manufacturers  and  mechanical 
engineers  of  the  country  should  be  making  special  effort  to  secure 
further  standardisation  of  methods,  tools,  and  parts.  In  the  end, 
the  engineering  industry  of  the  country  will  benefit  by  this 
standardisation,  and  engineering  material  and  apparatus  can  be 
more  economically  supplied. 

Co-operation  of  Engineernig  Activities. ― The  naval  engineer, 
both  in  and  out  of  the  service,  has  many  new  and  interesting 
problems  before  him,  and  it  behoves  him  to  be  looking  to  the 
future  to  employ  the  best  that  science  and  mechanical  ability  can 
provide  for  fashioning  tho  weapons  of  naval  ])i'0])arednoss.  The 
bost  dovelopnu^iit  of  naval  eugine<M'ing  matters  will  be  accelerated 
by  the  best  possible  co-operation  between  the  naval  and  the 
industrial  engineering  talent  of  the  country.  Without  this  hearty 
co-operation  and  the  support  of  the  ent^ineering  facilities  of  the 
country,  the  navy  could  not  be  properly  placed  or  kept  upon  a 
war  footing.  In  fact,  without  the  utilisation  of  the  civilian  en- 
gineering talent  of  the  country  we  would  not  get  very  far  with 
our  material  for  the  navy.  The  navy  appreciates  the  need  of  this 
co-operation,  and  desires  that  our  commercial  engineering  forces 
co-operate  in  every  possible  way  to  give  it  the  best  material  that 
American  enf^inoering  talent  can  devise  and  that  its  mechanical 
forces  can  fabricate. 

Bat  not  only  should  there  be  co-ordination  between  the 
civilian  engineer  and  the  engineer  in  the  navy,  but  there  must 
also  be  that  co-operation  and  standardisation  of  engineering  means 
and  efforts  that  this  Society  aims  to  foster  and  in  which  it  has 
been  so  markedly  successful. 


NEW  PATENTS. 

specifications  of  the  following  are  Jiow  published,  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  8d.  Address 
Mechanical  Engineer,'^  5S,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1915. 

Lathes.    Tucker  and  Vaiighan  Engineering  Works,  Ltd.  11148. 
Steam  superheaters.    Mills.  11646. 

Utilising  the  energy  of  tides.    Esnault  Pelterie.  12355. 

Process  for  making  solder,    De  St.  Laurent  and  Aluminium  Solder 

Company,  13856. 
Carl)iiretters  for  internal  combustion  engines.    Forman.  14843. 
Indicator  for  the  fuel  consumption  of  oil  engines.  Evans-Jackson. 

15183. 

Carburetters  for  internal-combustion  engines.    Escoffier.  15524. 

Means  for  compensating  for  leakage  in  fluid  wave  power-trans- 
mission systems.    Constantinesco  &  Haddon.  15525, 

Apparatus  for  turning  articles  of  varying  diameter  and  form  in 
lathes.    Bowers.    15677.  * 

Tool  head  or  tooWiolding  appliance  for  lathes.    Taylor.  15692. 

^letal  ciitthig- off  or  Darting  machines.    Taylor  &  Taylor.  15693. 

Lathes.    Taylor  &  Taylor.  15694. 

Power  transmitters.    Fairweather.  15697. 

Apparatus  for  exhausting  air  and  non-condensal)le  gases  -  Scanes. 
15771. 

Feed- water  heaters  for  locomotives.     Sams.  15901. 
Valves  of  internal-combustion  engines.    James.  16598. 
Pumps.    Hick,  Hargreaves^  &  Co.  and  Gniiii.  16919. 
Internal-combustion  engines.    Mellersh- Jackson.  17268. 
Generation  of  steam..    Kirke.  17842. 

Settings  ami  external  flues  of  steam  boilers.    Fletcher.  】7991. 

1916. 

Construction  of  ships.    Groom,  W.  56G. 

Method  of  constructing  turbine  stators.  Maschiiienfabrik  Oerlikon. 
1520. 

Wave  motors.    Sanderson^  G.  W.  3631. 

Driving  mechanism  for  motor  vehicles.    Kuhn^  W.  O.  3813. 

Friction  gear.    Thomson",  J.  D.，  and  Thomson,  Gr.  3974. 

Jigging  conveyors.  Machin. ,  W.  A.  Mills,  E.,  and  Dowries,  A. 
4166.  ' 

Marine  Turbines.    Le  Tall,  F.  W.  6499. 

Shaft  furnaces.    Thiele,  E.  7662. 

Liquid-fuel  furnaces.    White,  W.  A.  9767. 

Internal-combustion  engines.     Smith,  J.  W.  10569. 

Traction  engines  of  the  self-laying  track  type.  Caterpillars  Trac- 
tors, Ltd.    11037.  ' 

ELECTRICAL.  1915. 

Measuring  instruments  and  relays.    Marconi's  Wireless  Telegraph 

Company  and  Ewen.  13852. 
Cathode  for  electrolytic  cells.    Wheeler.  157o9. 

Method  and  means  of  indicating  or  recording  the  frequency  of 
periodic  electric  currents.    Jensen.  17752. 

1916. 

Electric  indicators.    Lincoln,  P.  M.  951. 

Electric  cables.  Call  end  01%  T.  0.,  and  Calleiuler's  Cable  and  Con- 
struction Company.  2986. 

Multiple  control  apparatus  for  electric  laihvavs.  Akt.-Ges.  Brown, 
Boveri,  et  Cie.  10099. 


L.  &  S.-W.  Railway  Electrification.— The  electrification  of 
the  Claygate  portion  of  the  London  &  South-western  Railway 
Company's  suburban  lines  has  now  been  completed  and  a  half- 
hourly  service  of  electric  trains  between  Claygate  and  Water- 
loo, covering  tlie  journey  in  29  mins.，  commenced  on  Monday 
last. 


METAL  QUOTATIONS. 

TUESDAY,  NOVEMBER  21st. 

Aluminium  ingot    ―   per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  ，， 

,,         sheets       ,,  ti   ,,  ―  ,， 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   per  lb. 

，， tubes  (brazed)    1/7        ，, 、 

，，        ，， (solid  drawn)    l/'「>  " 

，，       ，， wire    1/3|  ，, 

('oppor.  Standard    £144/-/-  per  ton. 

Iron,  Cleveland    87/6  ，， 

,， Scotch    ——  ，• 

Lead,  English   £.32/5/-  ，， 

"     Forcifj;n  (soft)   £30/—/—  " 

Mica  (in  original  cases),  small   6d.  to  3/-  per  lb. 

，，  ，，       ，，         in  odium    3/6  to  6/—  ，， 

，，  ，，       ，，         large    7/6  to  14/— ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver   34^d.  per  oz. 

Spelter  (American)   £50/-/-  per  ton. 

Tin,  block    £189/-/-  per  ton. 

Tin  plates,  1.0   32/-  per  box. 

Zinc  sheets    £90  per  ton. 
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Steam  Engine  Tests  and  Working  Results. 

In  his  annual  ineinoranduin  to  the  Manchester  Steam  Users' 
Association,  Mr,  C.  E.  Stromeyer,  the  chief  engineer,  gives  a 
classified  table  of  the  coal  consumption  of  steam  engines 
of  various  types  used  in  the  textile  and  other  industries. 
The  figures  are  instructive  as  showing  the  range  of  economy 
measured  in  this  way  of  similar  types  of  engines  employed  in 
the  same  industry,  and  the  difference  that  exists  between  these 
values  and  those  usually  guaranteed  by  makers  for  test  results 
when  engines  are  laid  down.  Although  the  economy  of 
engines  is  usually  expressed  in  pounds  of  coal  per  indicated 
horse-power  per  liour  in  commercial  circles,  this  method  of 
nieasureiiient,  as  engineers  know,  is  very  imperfect,  as  it 
includes  the  combined  perforina】ice  of  both  engine  and  boiler, 
and  the  efficiency  of  one  may  be  quite  independent  of  the 
other,  the  function  of  the  boiler  being  to  generate  steam  and 
that  of  the  engine  to  use  the  steam  with  the  greatest  efficiency. 
The  boiler  may  be  extravagant  and  the  engine  economical,  or 
vice  versa,  but  the  coal  consumption  per  indicated  lim'se^power 
per  hour  only  expresses  the  combined  results,  it  does  not  diffe- 
rentiate between  them.  Further,  such  a  figure  takes  no 
account  of  the  quality  of  the  coal  itself,  and  it  may  be  that  the 
use  of  a  low-grade  fuel  would  give  a  higher  consumption  per 
unit  of  power  and  still  be  economical  from  a  monetary  point 
of  view.  It  is  difficult  to  compare  the  power  results  of  engines 
in  textile  mills  with  those  in  other  industries  on  the  coal  basis 
alone  unless  the  amount  of  fuel  used  for  other  than  power 
purposes  is  clearly  ascertained.  In  the  textile  industry  this 
is  a  fairly  large  quantity,  but  as  the  steam  is  drawn  as  a  rule 
from  the  same  boilers  which  supply  the  engines  it  is  not  easy 
to  assess  it  exactly,  but  the  estimate  of  O'Glb.  per  indicated 
horse-power  per  hour  given  by  Mr.  Sti'omeyer  for  spinning 
mills  is  probably  not  far  from  the  mark.  Making  this  deduc- 
tion, a  lid  taking  an  average  of  the  figures  given  for  engines 
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of  300  h.p.  and  above,  it  would  appear  that  the  consumption 
in  the  case  of  compound  engines  using  steam  of  lOOlbs.  pres- 
sure is  about  31bs.  of  coal  per  indicated  horse-power  per  hour, 
and  for  high-pressure  compound  engines  using  steam  round 
IGOlbs.  pressure  the  consumption  is  about  2'151bs.  For  triple- 
expansion  engines  using-  steam  at  1681bs.  the  figure  of  l"651bs. 
is  given.  These  figures  textile  millowners  will  note  are  per- 
ceptibly higher  than  the  results  usually  promised  by  engine 
builders  and  generally  attained  during  trials,  but  it  should  be 
remembered  that  tests  are  usually  made  under  as  favourable 
conditions  as  it  is  possible  to  secure,  and  do  not  take  account 
of  the  fact  that  apart  from  the  requirements  for  heating  pur- 
poses, to  which  reference  has  been  made,  a  factory  engine 
as  a  rule  stands  idle  for  about  two-thirds  of  its  time,  and  that 
a  considerable  amount  of  fuel  has  to  be  expended  each  day  in 
raising  steam  first  thing  in  a  morning  and  in  banking  fires 
the  last  thing  at  night.  This  amount  again  is  somewhat 
uncertain,  though  we  think  the  estimate  of  0*31b.  per  indi- 
cated horse-power  per  hour  a  fair  one,  and  if  this  be  taken 
from  the  figures  above  the  rates  of  coal  consumption  for  the 
net  production  of  one  horse-power  hour  under  working  con- 
ditions work  out  approximately  as  follows : ― 

Old  compound  engines  using  lOOlbs.  pressure,  about  2'71bs. 

High-pressure  compound  engines,  about  l'851bs. 

High-pressure  compound  with  superheated  steam,  about 
l'451bs. 

Triple-expansion  engines,  about  l'351bs. 

We  have  mentioned  that  it  may  be  profitable  to  use  a 
low-priced  fuel  even  thougli  the  coal  consumption  appears  to 
compare  unfavourably,  and  on  this  point  Mr.  Stromeyer  makes 
some  pertinent  observations  "which  have  a  bearing  on  the 
national  duty  of  economising  coal,  a  duty  which  will  probably 
become  more  impressed  on  us ― with  flux  of  time,  and  which 
is  specially  important  at  the  present,  when  ships  are 
scarce,  freights  high,  and  our  Allies'  needs  greater  than 
ever.  In  this  country  there  has  been  a  tendency  both 
ainoTigst  colliery  owners  and  steam  users  to  discard  low-grade 
fuel.  Wlien  good  qualities  could  be  had  cheaply  there  was 
something  to  be  said  for  this  attitude,  but  that  day 
has  gone  by,  and  the  use  of  poor  fuel  presents 
opportunities  which  as  a  nation  it  behoves  us  well 
to  consider.  According  to  coal  experts  25  per  cent., 
roughly  speaking,  of  our  coal  measures  are  not  utilised 
on  account  of  the  seams  being  thin  or  of  poor  quality, 
although  such  fuel  might  be  easily  used  in  our  factories  if 
boiler  capacity  were  increased.  On  the  Continent  such  coal  is 
burnt  to  a  great  extent  simply  because  better  quality  cannot 
be  obtained,  and,  what  is  more  to  the  point,  the  efficiency  of 
their  boilers  is  as  a  rule  higher  than  our  own,  for  the  simple 
reason  that  with  our  superior  coal  we  overwork  them.  Similar 
remarks  apply  to  the  burning-  of  coke,  which  might  be  a 
valuable  by-product  of  works  devoted  to  the  distillation  of 
coal.  At  present,  however,  its  production  is  limited,  and  con- 
sequently its  price  high,  so  that  it  presents  little  temptation 
to  the  steam  user,  who  again  regards  the  question  from  the 
boiler  point  of  view  and  notes  only  that  more  fuel  would  be 
required  for  the  same  work.  This  attitude  may  be  more  pro- 
fitable possibly  to  the  individual,  though  that  is  arguable  ； 
but  there  is  no  doubt,  speaking  nationally,  it  is  wasteful.  We 
have  not,  in  fact,  in  this  country  sufficiently  considered  as 
yet  the  potential  economies  of  fuel,  though  the  time  is  not 
distant  when  it  will  be  inexorably  forced  upon  our  atten- 
tion by  the  water-power  resources  of  other  countries,  like 
Sweden,  Norway,  and  Switzerland,  which  hydro-elec- 
tric power  generation  and  distribution  will  eventually 
bring   into   serious   competition  with   British  coalfields  in 


industries  where  large  quantities  of  power  are  concerned.  Our 
coal  beds  will  not  always  give  us  a  monopoly.  Taking  coal  at 
the  pre-war  price  of  12s.  6d.  per  ton,  and  assuming  coal  con- 
sumption to  be  only  lib.  per  indicated  horse-power  per  hour, 
Mr.  Stromeyer  states  that  the  total  cost,  including  wear  and 
tear,  in  one  modern  factory  working  about  one-third  its  time, 
was  found  to  be  about  £12  per  indicated  horse-power  per 
annum  and  that  working  day  and  night  it  would  be  about  £6. 
These  figures  compare  very  unfavourably  with  35s.  to  50s. 
per  electric  horse^power  per  annum  which  is  given  as  approxi- 
mately the  cost  of  continuous  hydrcvelectric  power  produc- 
tion in  the  continental  countries  we  have  named.  The 
problem  of  utilising  low-grade  fuels  is  one  that  offers  many 
solutions  to  which  we  may  refer  on  a  future  occasion  ；  it  is 
sufficient  here  to  state  that  it  offers  big  possibilities  of 
economy,  if  only  the  power  user,  the  engineer,  and  the  chemist 
work  together. 

VALVES  FOR  INTERNAL-COMBUSTION  ENGINES. 

With  a  view  to  reduce  the  uneven  wear  of  the  valves  of  inter- 
nal-combustion engines,  and  particularly  valves  having  mitre 
or  flat  seats,  due  to  the  pitting,  erosion,  and  distortion  which 
take  place  by  reason  of  the  heat  to  which  they  are  subjected, 
Mr.  Charles  James,  of  Spittlegate  Ironworks,  Grantham,  has 
designed  the  arrangement  shown  in  the  accompanying  cuts. 
A  is  the  valve  carried  by  the  spindle  B，  which  is  designed  to 
be  reciprocated  axially  by  the  lever  C  in  the  guide  casing  D. 
A  ratchet  wheel  E  is  keyed  upon  the  lower  end  of  the  valve 
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VaIjVF.  for  Internal-combustion  Engines. 

spindle  B，  and  a  ratchet  driver  F  loosely  encloses  the  ratchet 
wheel  in  such  a  manner  that  it  can  rotate  relatively  therewith, 
but  moves  axially  with  the  valve  and  spindle.  The  ratchet 
driver  F  is  furnished  internally  with  one  or  more  pawls  G， 
one  only  of  which  is  shown,  and  externally  with  a  key  or 
feather  H,  the  key  or  feather  being  placed  at  an  angle  to  the 
vertical,  as  shown,  and  engaging  in  a  spiral  keyway  L  in  the 
guide  casing  D.  With  this  construction,  when  the  valve  A  is 
opened  (or  closed)  the  ratchet  driver  F,  which  moves  axially 
with  the  valve  spindle  B,  has  a  slight  degree  of  rotary  motion 
imparted  to  it,  due  to  the  engagement  of  the  key  or  feather  H 
with  the  spiral  keyway  L.  This  rotary  motioTi  is  transmitted 
by  the  pawl  or  pawls  G  to  the  ratchet  E，  and  as  the  latter  is 
rig^idly  secured  upon  the  valve  spindle  B,  the  latter,  with  the 
valve,  is  partially  rotated,  this  partial  rotation  taking  place 
every  time  the  valve  is  lifted,  and  the  pawl  G  bein^  returned 
to  its  initial  position  on  the  valve  again  dosing.  As  will  be 
understood  the  amount  of  rotary  motion  that  is  imparted  to 
the  valve  is  determined  by  the  angle  of  the  spiral  keyway  L. 
The  closure  of  the  valve  is  effected  in  the  usual  way  by  means 
of  a  spring  J，  which  is  held  by  friction  against  the  top  of  the 
guide  casing  D，  and  acts  directly  on  the  valve  tlirougli  the 
medium  of  a  thrust-bearing  iv9,slier  K,  which  is  supported 
upon  the  ratohet  wheel  E. 
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To  ai)pm'i(ifco  a  little  more  fully  some  of  tho  later  points  of 
tlio  ])rese!it  paper,  it  is  advisable  to  define  as  exactly  as  pos- 
sible what  a  spring  is.  A  spring  can  bo  made  Irom  many 
diilerent  materials ― steel,  bronze,  and  india-rubber  being 
those  generally  used.  It  cau  be  made  in  many  did'creiit  forms, 
and  be  used  for  many  purposes,  but  there  'are  six  principal 
kinds : ― 

(1)  C ylindi  ival  or  conical  helival  .springs  Huhjt  ct  to  a.rial 
loadiiKj,  tlie  material  being  mainly  subject  to  torsional  stress. 
This  is  the  form  that  has  the  widest  application  ；  it  is  used 
largely  on  railways  and  tramways,  for  many  kinds  of  valves 
and  a  variety  of  engineering  purposes,  for  upholstery,  e.g., 
sofas  and  mattresses,  and  also  the  form  generally  used  in 
iiieasm'ing  instruments,  such  as  spring  balances. 

(2)  Cylindrical  helical  springs  subject  to  torque  ah  out  the 
axisy  in  which  the  material  is  subject  to  bending.  This  form 
is  not  much  used,  but  as  examples  there  are  balance  springs 
of  best  clirouonieters,  springs  in  tumbler  switches^  and  the 
motive  power  of  spring  roller  blinds  and  some  cheap  mechani- 
cal toys. 

(3)  Flat  spiral  springs  subject  to  torque  about  the  axu, 
the  material  being  subject  to  bending,  such  as  are  used  for 
watch  and  clock  main  and  balance  springs.  It  is  the  form 
generally  used  where  it  is  required  to  store  energy,  c .fj" 
gramophone  motors. 

(4)  One  or  more  straight  or  carved  pieces  subject  to  h end- 
ing, used  in  a  great  variety  of  cases,  e.g"  railway  aud  road 
vehicle  spriugs,  and  generally  where  it  is  required  to  absorb 
shock  ；  many  kinds  of  instruments,  sych  as  the  small  springs 
in  firearms,  pocket  knives,  latches  aud  locks,  and  many  other 
uses  ；  in  fact,  class  (4)  with  class  (1)  include  the  great  bulk 
of  springs  used. 

(5)  I ndia-r uh L er  s pi'i i t g s ,  genercdly  abject  to  compression, 
hut  sometimes  to  tensio'ti, 

(6)  Gases  in  closed  vessels,  such  as  pneumatic  tyres  and 
the  air  chambers  on  pumps. 

This  list  does  not  cover  anything  like  the  whole  of  the 
forms  or  uses  of  springs. 

Springiness  comes  into  all  sorts  of  problems,  and  it  is  not 
easy  to  word  a  definition  to  cover  all  the  cases  of  what  is 
generally  understood  as  "a  spring."  The  author  has  not 
iound  a  better  definition  than  that  of  Prof.  Perry :  "Any 
contrivance  that  can  store  energy  as  strain  energy,  and  give 
it  out  again  readily  is  a  spring."  On  this  point  one  must 
remember  that  whatever  its  material,  form,  or  purpose,  a 
spring  is  always  a  contrivance  for  storing  energy. 

IIistoricaL ― To  turn  for  a  moment  to  the  historical  ^ide. 
Who  made  the  first  spring  \  When  one  considers  how 
ubiquitous  the  spring  is,  one  is  tempted  to  say  Adam. 
At  any  rate,  the  first  springs  were  made  in  the  very- 
early  days  of  the  human  race,  probably  either  in  the 
form  of  some'  kind  of  trap  or  else  in  the  form  of  a 
bow.  The  earliest  references  the  author  can  find 
(f/)  Genesis  xxi.  20，  "  he  .  .  .  dwelt  in  the  wilderness,  and 
became  an  archer" ― that  would  be  about  2,000  u.c.  ；  and  Kh) 
^ -,,  2  Chronicles  xxvi.  15，  "he  made  in  Jerusalem  engines,  in- 
vented by  cunning  men,  to  be  on  the  towers  and  bulwarks  to 
shoot  arrows  and  great  stones  " —— date  about  810  B.C.  There 
are  records  of  war  engines  ou  the  Assyrian  remains,  but  the 
first  authentic  record  in  classical  literature  of  a  large-  siege 
train  is  399  b.c,  when  Dionysius  I.  of  Syracuse  provided 
himself  with  engines  for  his  expedition  against  Carthage.  The 
spring  part  of  these  old  catapults  generally  consisted  of 
twisted  hide  or  sinews.  Some  of  them  would  send  a  i-lb. 
rnissle  at  au  effective  man-killing  velocity  rather  over  400 
yards,  but  the  largest,  the  "  90-pouiiders/'  liad  a  much  smaller 
range. 

Steel  was  introduced  for  the  springs  of  crossbows  about  the 
lentil  century,  and  the  wheel  lock  was  invented  in  Nuremberg 
ill  1517.  This  was  a  sort  of  niusk&t,  in  which  the  charge  was 
fired  by  the  sparks  produced  by  a  piece  of  flint  pressed  by  a 
spring  a^aijist  a  steel  wlie^l.  When  the  trigger  was  pulled 
llto  wheel  was  rotated  l)y  means  of  another  spring  which  had 
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previously  been  wound  up.  Nurcmlmrg  was  ； iIho  (lio  placo 
wliero  tho  next  nivp  was  nwule  in  Mio  iiiveniioii  of  wal r.\]o,H 
lit  the  end  of  Mio  lill eenf h  cciil ury.  It,  was  in  (； oiiiio<:i ion  with 
watches  thai  the  fi rsl  sciciitiric  work  on  springs  ot  which  lliero 
is  any  record  was  done.  Kol)ert  Ilooko,  who  first-  fonriulal^d 
the  law  we  know  us  l】cK)ke's  Law,  in  his  work  "  J)o  Potent iu 
Restitutiva  "  (London,  1G78),  says  t  li;",  he  first  found  ouf.  i  lio 
theory  of  springs  18  years  before,  In",  did  iioi,  publish  it 
because  he  wanlod  to  obtain  a  pal-ont.  Jle  says.  "  AWout 
three  years  since  J  lis  Majesty  was  pleased  to  see-  t  he  Experi- 
ment tried  at,  Wliiteliall,  as  also  my  spring  watch.  Ahoui  two 
years  since  I  priuted  this  theory  at  the  end  of  my  book  ou 
Helioscopes^  '  Ut  teiisio  sic  vis ' -- that  is,  tho  power  of  any 
spring  is  in  the  sanio  proportion  with  the  tension,  thereof." 
And,  later  on  :  "  From  all  of  which  it  is  evident  that  the 
Rule  of  Nature  in  every  springing  })ody  is  that/  the  force  or 
power  thereof  to  restore  itself  to  its  natural  position  is  always 
])roportionate  to  the  distance  or  space  it  is  removed  tliere^ 
from.'' 

Very  little  is  mentioned  by  historians  about  steel  springs, 
but  they  were  first  applied  to  carriages  about  1670,  prior  to 
which  the  most  luxurious  coaches  were  suspended  by  straps, 
though  doubtless  these  in  connection  with  a  not  too  rigid 
framework  acted  to  some  extent  as  springs.  The  first  record 
of  the  use  oF  springs  on  railways  is  George  Stejilienson  s  patent 
of  Se]>l fiiil)ei",  1816.  One  of  the  problems  that  had  so  far 
faced  the  pioneers  of  steam  locomotion  was  how  to  adjust  the 
weight  of  the  engine  to  the  strength  of  the  rails,  and  Stephen- 
son solved  this  l)y  means  of  steam-bearing  cylinders  fixed  to 


Fig.  1.— I/AMiNATiiD  Spuing  Details. 


the  lower  part  of  the  boiler.  Any  oscillation  produced  by  the 
inequalities  of  the  road  were  transferred  from  the  axles  by 
nioaiis  of  rods  to  pistons  working  in  tliese  cylinders  which, 
acting  against  the  steam  pressure,  perfornied  the  office  of 
spiiiigs.  There  was  better  distribution  of  weight  and  less 
injury  was  done  to  the  rails  and  machinery,  and  it  was  possible 
in  consequence  to  still  further  increase  the  weight  and  power 
of  the  locomotive.  This  spring  arrangem eiit  was  considered  a 
noteworthy  feature  of  the  Killingwortli  engines  as  late  as 
March,  182!].  The  engines  which  opened  the  Iletton  wagon 
way  oil  November  】 8th,  1822,  had  them,  although  steel 
springs  had  been  employed  a  year  or  so  previously. 

The  first  locomotive  with  steel  springs  was  the  "  Agenoi'ia," 
built  by  Fostei'  &  Kastric'k  in  1820  and  now  in  South  Kensiiig- 
lon  Museum.  This  had  laminated  springs  on  the  leading 
wheels.  By  1830  the  use  of  springs  had  become  fairly  general. 
The  railways  have  since  been  good  customers  of  the  spring 
maker,  aud  althougli  the  trade  is  divided  into  several  sections 
whose  products  and  methods  differ  very  considerably,  the 
heavy  section,  dealing  mainly  with  railway  work,  is  the  most 
important.  Indeed  I  think  that  the  value  of  the  springs 
supplied  to  the  railway  companies  very  much  exceeds  the 
value  of  the  springs  for  all  other  purposes  put  together,  and 
must  in  normal  times  reach  the  figure  of  £10,000  per  week, 
luaiiufactured  in  this  country  alone  and  mostly  in  Sheffield 
and  district. 

In  view  of  iheir  greater  iniport;uice  botli  from  a  financial 
point  of  view  and  because  safety  of  life  and  property  depends 
on  them,  the  author  proposes  to  coiuiue  his  remarks  mainly 
to  springs  for  railway  use,  although,  of  course,  they  will  apply 
equally  to  similar  springs  used  for  other  purposes. 

if anufactwe  of  Jjuninated  ^S'//// //,/'、,. —— In  the  niajiufacture 
of  laminated  springs  the  rolled  bars  are  first  cut  to  length, 
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then  generally,  but  not  always,  the  spring  plate  is  "  speared  " 
(J.e.，  the  corners  are  cut  off)  and  nibbed  and  slitted  [i.e.,  a 
little  stub  or  nib  is  pressed  into  the  plate  fairly  near  the  end 
which  lits  into  the  slit  in  the  next  plate  so  as  to  prevent  rela- 
tive iiiovemeiit  sideways  of  the  ends  of  the  plates  and  a  hole 
or  stud  put  in  the  centre),  Fig.  1  (a).  An  alternative  to  the 
nibs  and  slits  is  to  roll  the  spring  bars  with  a  longitudinal  rib 
and  groove  down  the  centre,  as  shown  at  the  rib  on  one 
plate  fitting  into  the  groove  ou  the  next.  In  this  country, 
at  any  rate,  it  costs  more  than  the  nibs  and  slits  and  it  is 
very  little  used  anywhere  except  ou  the  Continent. 

Sometimes,  particularly  in  the  better-class  work,  such  as 
railway  carriage  springs  and  almost  always  for  road  vehicle 
springs,  the  ends  are  tapered  in  a  pair  of  eccentric  rolls  (Fig. 
1  (r) ),  this  thinning  being  either  in  addition  to  or  instead  of 
the  spearing,  and  its  object  is  to  keep  the  resisting  moment 
of  the  spring  as  nearly  uniform  as  may  be  at  all  sections,  and 
thus  obtain  a  lighter  spring  without  reducing  the  strength. 

As  the  greatest  bending  moment  is  at  the  centre,  the 
method  of  fastening  the  spring  together  is  rather  important. 
The  usual  way  is  to  put  a  rivet  right  through  the  centre  and 
through  the  buckle  (Fig.  1  (d)  ).  This  is  quite  satisfactory, 
as  the  buckle  is  generally  not  less  than  3iii.  wide,  and  is 
pressed  on  hot,  and  so  makes  up  for  the  loss  of  strength  by 
the  rivet  holes  in  the  centre  of  the  spring  plate.  It  is  often 
urged  that  tliese  holes  should  be  drilled  or  else  punched  hot, 
on  account  of  the  internal  stresses  set  up  by  cold  punching, 
but  the  author  is  of  opinion  that  the  subsequent  heat  treat- 
ment removes  these  stresses,  and  tests  made  by  him  support 
this  view.  It  is  essential,  however,  that  the  holes,  whether 
drilled  or  punched,  should  be  kept  as  small  as  possible,  say. 


<    1  11    >  <    94  > 
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As  rolled.  After  coiling. 

Diam.  of  Mandrel  2iin. 
Fig.  2.— Change  of  Section  in  Colling. 

3^ in.  less  in  diameter  than  the  thickness  of  the  plate,  and  it 
requires  very  good  machines  and  punches  to  punch,  "  cold/'  a 
^iii.  hole  through  a  gin.  spring  plate. 

To  reduce  the  effective  section  of  the  plate  at  the  centre 
as  little  as  possible,  the  rivet  hole  is  sometimes  made  |in.  by 
^in.  lengthways  of  the  plate,  and  another  method  is  to  nib 
the  plate,  the  nib  fitting  into  a  corresponding  depression  in 
the  next  plate  and  to  fasten  the  buckle  centrally  by  a  set 
screw  (Fig.  1  (e)  ),  but  it  is  questionable  whether  either  are 
w  or  til  the  cost. 

The  ends  often  have  eyes  to  carry  a  pin  which  may  be 
made  either  by  bending  the  plate  round  (Fig.  1  (,)J，  or  by 
welding  iu  a  piece  of  iron  to  form  a  solid  eye;  the  pin  hole 
being  afterwards  drilled  out,  and  perhaps  a  slot  milled  in 
the  end.  These  heads  are  made  in  various  forms,  the  two 
shown  being  the  most  common.  Of  these  Fig.  1  (ff)  is  the 
best.  The  weak  points  in  the  top  plates  are :  (1)  The  central 
rivet  hole  already  considered.  (2)  The  nib  and  slit,  which  are 
generally  avoided  in  the  top  two  or  three  plates  of  this  type 
of  spring  by  using  a  shackle  as  shown  in  "  h，，'  bolted  to  a 
rolled  eye  on  the  end  of  the  third  or  fourth  plate.  (3)  The  weld. 
(4)  The  part  of  the  plate  in  the  neck  where  the  weld  termi- 
nates. To  get  a  sound  weld,  the  steel  must  be  heated  very 
nearly  to  the  point  at  which  it  will  burn,  and  the  strength  of 
the  neck  is  liable  to  be  reduced  from  this  cause.  Now  in  Fig. 
1  (fj)  the  back  plate  can  be  supported  right  up  to  the  end  by 
the  second  plate,  or  more,  if  necessary,  and,  if  the  back  did 
give  out  in  service,  it  is  probable  that  the  broken  end  would 
remain  supported  by  the  other  plates.  In  Fig.  1  {h)  not  only 
is  the  load  carried  by  the  weld  but,  owing  to  the  relative 
movements  of  the  plates  when  the  spring  bends  under  load, 
it  is  not  possible  to  support  the  back  plate  further  up  than, 
say,  Sin.  or  4in.  inside  the  centre  of  tlie  eye>，  and  there  have 
been  cases  where  the  back  plate  has  taken  a  reflex  curvature 
near  the  end  of  the  second  plate,  due  to  excessive  stress  there, 
and  in  time  has  given  way.  It  speaks  well  for  the  skill  of  the 
smith  ill  at  a  broken  plate  is  of  very  rare  occurrence.  The 


end  of  the  back  plate  is  sometimes  bevelled  off  instead  of 
being  square,  as  shown,  but  this  bevel  should  not  be  too  acute, 
otherwise  there  is  trouble  iu  withdrawing  the  head  from  the 
die  in  forging,  and  in  any  case  the  second  plat©  does  not 
support  it  as  well  as  when  the  corner  is  square.  Sometimes 
the  plates  are  of  varying  thickness,  but  generally  this  is  not 
economical,  as  it  reduces  the  range  of  the  spring  to  that  suit- 
able for  the  thickest  plate,  and  one  is  not  so  certain  of  getting 
a  uniform  working  stress  in  all  the  plates.  It  is  better  to 
have  one  thickness  only,  except  in  special  cases,  and  even 
then  it  is  very  rarely  that  a  difference  of  more  thau  ^in. 
should  be  used. 

The  plates  are  next  heated  and  bent  to  the  required  curva- 
ture and  hardened.  The  old  way  is  to  bend  the  longest  plate 
by  handwork  to  fit  a  cambered  plate,  which  is  used  as  a  sort 
of  templet  or  jig.  This  back  is  then  hardened  and  tempered, 
and  the  second  plate  bent  to  fit  the  back  plate,  and  so  on.  No 
matter  how  much  care  is  exercised  in  bending  and  hardening, 
there  is  always  a  certain  amount  of  warping  iu  the  hardening 
which  has  to  be  corrected  by  iiand  fitting  afterwards.  The 
tempering  is  don&  in  a  furnace,  the  operator  withdrawing  the 
plate  from  time  to  time  to  judge  the  temperature.  He  does 
this  by  rubbing  a  piece  of  hard  wood  on  it,  which  smokes  when 
the  plate  is  about  550°  Fah.  At  about  650°  it  leaves  a  number 
of  bright  particles  on  the  plate  which  burn  without  flame, 
" sparkle/'  as  it  is  called,  and  at  about  800。  the  wood  bursts 
into  flame.  It  seems  rather  a  crude  way,  but  it  is  surprising 
what  skill  and  accuracy  the  men  attain  by  constant  practice. 

In  bending  the  plates,  the  fitter  always  bends  the-  hot 
plate  to  a  slightly  less  radius  of  curvature  than  the  previous 
plate,  and  so,  when  the  finished  plates  are  put  together,  but 
uot  bolted  up,  they  touch  each  other  at  the  ends  only,  leaving 
a  space  at  the  centre.  This  is  called  regulating  the  spring, 
and  the  space  is  greatest  for  ..the  longest  plate,  diminishing 
regularly  towards  the  shortest.  A  second  method  is  to  bend 
the  plates  in  bending  rolls  one  at  a  time,  and  a  third  to  bend 
all  the  plates  for  one  spring  together  at  one'  time  between  dies 
under  a  hydraulic  press  and  to  harden  them  at  the  same  heat 
which  can,  of  course,  be  done  in  the  rolling  process  also.  In 
both  these  cases  the  tempering  and  hand  fitting  follow  as  in 
the  first  method. 

There  is  some  controversy  as  to  which  is  the  best  method. 
It  would  certainly  seem,  ou  the  surface,  as  if  it  was  not  possible 
to  produce  the  regulation  by  the  last  method,  but  let  us 
consider  what  is  the  purpose  of  the  regulation.  When  the 
spring  is  fastened  together  at  the  centre  so  as  to  draw  the 
plates  together,  there  is  a  tendency  for  the  ends  of  each  plate 
not  to  bear  ou  the  next  plate,  particularly  if  the  fitting  is  not 
good,  and  no  spring  will  pass  inspection  if  the  plates  are  at 
all  open  at  the  ends.  The  fitter  makes  sure  that  they  do  not 
open  by  putting  in  plenty  of  regulation.  Perry  says  : '( I  think 
carriage  spring  makers  and  buyers  are  too  particular  in  their 
wishing  to  have  all  the  plates  lying  very  tightly  together  when 
bolted  up.  There  is  too  much  of  such  tightness.  Usually,  too, 
in  actual  use  a  carriage  spring  never  becomes  unloaded,  and 
its  plates  are,  therefore,  much  more  tightly  pressed  together 
than  wheal  the  spring  is  examined  unloaded."  He  further 
indicates  how  the  amount  of  regulation  may  be  calculated  so 
as  to  obtain  a  uniform  stress  in  all  the  plates,  but  much  the 
best  work  in  this  direction  is  that  of  Monsieur  Phillips,  who 
published  a  paper  on,  tHe  Mathematics  of  Laminated  Springs 
in  1852.  The  author  believes  that  Phillips  was  a  practical 
railway  engineer,  and  it  is  a  pity  his  work  is  not  more  widely 
known. 

Taking  an  actual  example,  the  author  has  found  that  the 
correct  space  between  the  two  longest  plates  in  a  spring  3ft. 
Gin.  long,  having  12  plates  3Mn.  by  iin.  and  4in.  free  camber, 
is  only  about  ^in.,  and  my  experience  is  that,  with  the'  most 
skilful  hardening,  the  plates  will  often  warp  considerably 
niore  than  this,  and  so  one  arrives  at  the  conclusion  that  there 
is  no  real  difference  between  the  methods  of  bending  the 
plateSj  except  convenience,  by  "hand"  being  best  suited  for 
oddments  and  the  "  machine  "  for  repetition  work.  The  press 
gives  the  most  uniform  results,  but  in  some  cases  costs  】nore， 
owing  to  dies,  &c. 

Every  spring  is  tested  luider  a  steam  scragg  to  about  twice 
its  working  deflection,  where  possible,  and  about  3  per  cent, 
tried  for  deflection  under  load,  in  a  compression  testing 
machine.  The  springs  are  taken  apart  and  the  plates  painted, 
and  then  an  iron  buckle  put  on  hot  and  closed  up  with  a 
press.    Some  inspectors  scragg  the  springs  witli  the  buckle  on, 
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hut  the  author  tliiuks  this  incorrect,  owing  to  tlie  diflicult'y 
of  detecliug  a  broken  plate  ；  but  this  matter  is  not  so  serious 
now  that,  the  scragging  strokes  have  been  staudardised  by  the 
hugiueering  Standards  Committee. 

Manufacture  of  Coil  Sprincjii,— Coil  springs  are  of  two 
main  types,  helical  and  volute.  Helical  springs  are  made  of 
either  circular  or  rectcingular  section,  and  it  should  be  remem- 
bered that  a  section  ot  bar  that  is  to  be  rectangulaL*  after  coil- 
ing will  not  be  rectangular  before.  Fig.  2  will  illustrate  the 
change  that  lakes  place.  The  shape  of  tlie  rolled  bar  not  only 
varies  with  the  shape  of  the  finished  section,  but  also  with  the 
diameter  of  the  iiuiudrel  on  which  it  is  coiled.  You  will  readily 
see  the  very  largo  luunber  of  shapes  that  have  to  be  rolled, 
and  the  cost  is  generally  more  thau  for  the  round  bar.  One 
can  afford  to  stock  round  bars,  but  that  is  out  of  the  question 
for  rectaugular  bars,  except  iu  a  few  regular  lines,  on  account 
of  their  very  great  variety.  Iu  any  case  it  is  easier  to  get 
rounds  through  thau  to  get  the  mills  to  put  in  special  rolls 
for  an  odd  lob  of  bevels,  and  this  may  easily  save  two  or  three 
weeks'  time  iu  delivery.  This  is  oue  good  practical  reason  iu 
the  favour  of  the  round  section,  and  it  can  show  many  others. 
Iu  fact,  iu  America  it  is  almost  the  only  section  used.  After 
coiling,  the  euds  of  the  spriug  are  trimmed  up  by  a  smith, 
and  it  is  then  "  set  up，"  i.e"  pulled  out  to  the  proper  height 
for  hardening.  It  can  sometimes  be  coiled  at  the  proper  pitch, 
but  generally  the  pitch  is  so  steep  that  there  is  a  great  ten- 
dency for  the  section  to  lay  over  on  its  side.  The  spriug  is 
then  hardened  in  whale  oil  and  tempered  in  a  bath  of  molten 
lead  and  then  scragged.  The  ends  are  ground  up  square  with 
axis,  aud  it  passes  much  the  same  inspection  as  a  laminated 
spriug. 

Testing. ― Sometimes  a  spring  is  given  100  severe  blows, 
taking  it  through  its  whole,  or  nearly  its  whole,  range.  The 
test  is  directly  opposed  to  the  principles  sefc  up  by  the 
researches  of  Wohler,  Baker,  and  others,  and  the  only  infor- 
mation it  gives  is  that  the  spring  has  stood  100  blows,  but  it 
do€S  Dot  make  one  any  more  certain  that  it  will  uot  break 
at  the  101st;  in  fact,  rather  the  reverse.  The  author  is  con- 
vinced that  to  press  a  spring  home  smartly  two  or  three  times 
is  quite  effective  iu  bringing  to  light  any  latent  defects,  and 
that  further  testing  shortens  the  life  of  the  spring  and  is 
detrimental,  especially  where  the  spring  is  of  indifferent  design. 
To  make  a  good  spring  three  things  are  necessary ― good 
design,  good  material,  and  good  workmanship.  As  far  as  the 
last  two  are  concerned,  Sheffield  can  more  than  Kold  its  own 
with  all  competitors,  but  it  is  a  question  whether  we  are  not 
rather  behind  on  design.  It  would  be  impossible  to  fix  the 
responsibility  for  this,  but  if  engineers  spent  one-teutli  of  the 
money  they  pay  for  checking  the  material  and  workmanship 
in  checking  the  design,  tlie  results  would  more  than  justify  it. 
(To  he  continued.) 

REFRACTORY  MATERIALS. 

Discussion  by  the  Faraday  Society. 
(C oncluded  from  page  400.) 
The  Manufacture  of  Refractory  Materials, 
by  albert  cliff. 
In  this  contribution  the  author  treated  the  subject  from  the 
makers'  point  of  view.  Various  suggestions  were  made  as  to 
the  directions  iu  which  improvements  iu  manufacture  were 
possible.  One  was  in  the  reworking  up  of  old  material  ；  this 
would  be  oue  of  the  best  means  of  eliminating  expansion  and 
contraction.  In  the  basic  and  neutral  groups  of  refractories 
there  was  an  invitiug  prospect  for  the  application  of  niaiiu- 
facturiiig  skill.  Some  of  the  present  temporary  difficulties  in 
the  supply  of  materials  he  himself  was  overcoming  by  fasten- 
ing working  surfaces  of  chromite,  magnesite,  or  other 
material  not  liable  to  corrosion  on  to  ordinary  fire  or  silica 
bricks.  Some  samples  of  these  faced  bricks  were  exhibited. 
As  a  manufacturer  he  advocated  the  closest  possible  union 
between  the  cliemist  and  the  craft  in  the  carrying  out  of 
organised  investigations ― mere  laboratory  tests  were  insuffi- 
cient一 into  tlie  commercial  value  of  the  minerals,  chromite, 
magiiesite,  graphite,  and  others,  reported  that  evening  as 
abundant  in  the  colonies.  Above  all,  improved  education  was 
necessary  iu  those  who  were  to  carry  on  the  business  of 
making  refractories  ；  the  meu  of  science  must  come  down  to 
them  and  talk  to  them  freely  of  principles  and  facts,  and  so 
accelerate  a  rise  of  specialised  intelligence  among  clay  workers. 


Classification  op  Heithactouy  Mateuials. 
by  e.  p.  page. 

This  paper  is  confined  iu  the  main  to  the  materials  used 
ill  the  heavy  industries.  To  cover  the  whole  field  of  refrac- 
iovy  materials  and  tlieir  application  in  large  branches  of 
iiidustiy  would  be  beyond  the  range  of  accoiiiplishment  iu  any 
single  paper.  The  collectiou  and  tabulation  of  facts  is  a 
laborious  task,  since  much  of  the  iufonnation  is  only  to  be 
obtained  by  the  association  of  those  who  are  engaged  in  indus- 
trial practice.  Further,  the  science  of  refractory  materials 
is  ill  its  infancy,  aud  much  of  that  which  is  considered  to  be 
the  fact  requires  verification.  An  easy  method  of  classifying 
refractory  materials  has  been  to  divide  them  into  three 
sections,  namely,  acid,  basic,  aud  neutral,  according  to  their 
chemical  composition  aud  their  behaviour  towards  each  other 
and  the  acid  or  basic  compouuds  brought  into  contact  with 
them  under  such  couditions  as  are  favourable  for  reaction  to 
take  place.  The  classification  is  somewhat  arbitrary,  because 
a  clay  sucli  as  china  clay  must  be  expected  from  its  chemical 
composition  to  be  a  neutral  material,  which  experience  shows 
is  not  the  case,  aud  it  is  customary  to  include  all  refractory 
clays  in  the  acid  class.  The  essential  property  of  any  material 
claimed  to  be  refractory  is  stability  at  the  temperature  to 
which  it  is  exposed,  with  sufficient  reserve  of  stability  to 
resist  chemical  and  raechauical  influences  externally  applied. 
The  first  quality  is  a  classification  o 丄' pure  refractoriness,  and 
the  second  is  one  of  refractoriness  plus  skill  in  application. 
Howeverj  since  purely  basic  or  purely  acid  conditions  seldom 
exist,  the  successful  issue  is  generally  the  result  of  compro- 
mise, a  certain  degree  of  refractoriness  per  se  being  sacrificed 
iu  favour  of  au  increase  of  refractoriness  against  other  things. 
Materials  belonging  to  the  acid  class  are  always  used  wliere 
it  is  a  case  of  refractoriness  towards  heat^  because  they  are 
widely  distributed  and  comparatively  low  iu  first  cost  aud  lend 
themselves  rightly  to  adaptation  to  all  purposes.  Suitable 
basic  aud  ueutral  materials,  on  the  other  hand,  are  uot  so 
widely  distributed,  and  possess  in  important  instances 
inhereut  properties  which  render  them  difficult  of  application, 

Mr.  A.  A.  McDougall  Duckham,  of  the  Ministry  of  Muni- 
tions, emphasized  iiow  much  the  output  of  munitions 
depended  ou  refractories.  It  was  clear  that  we  had  at  home 
and  in  the  Empire  ample  material  to  enable  us  to  hold  our 
own. 

Dr.  W.  Rosenliaiu,  F.R.S.,  of  the  National  Physical  Labo- 
ratory, spoke  of  the  necessity  for  paying  attention  to  the 
highest  class  of  refractories^  now  that  metallurgists,  especially 
iu  the  electric  furnace,  were  utilising  very  high  temperatures. 
Metallurgists  should  kuow  all  about  materials  like  carborun- 
dum, alunduin，  silicou，  and  similar  products  now  being  pro- 
duced at  Niagara  Falls.  There  was  great  promise  iu  zircouia, 
especially  the  highly  purified  material.  Au  analysis  of  crude 
zircouia  (about  75  per  cent,  pure)  was  given.  This  material 
fell  far  short  of  pure  ZrOg  in  refractoriness,  but  still  bricks 
made  of  it  would  resist  temperatures  up  to  1,600°  C.  To  get 
the  best  results  it  was  essential  to  shrink  the  material  at  a  much 
higher  temperature  than  that  it  would  have  to  stand  even- 
tually, particularly  because  it  was  so  bad  a  conductor  of  heat. 
The  crude  zirconia  was  greatly  improved  by  removing  the 
chief  flux,  namely,  tlie  irou  oxide,  with  hydrochloric  acid. 
Zircouia  bricks  as  now  purified  for  optical  purposes  do  not 
frit  until  well  over  2，000°  C.  Dr.  Iloseuhain  went  on  to 
discuss  the  cracking  of  refractories.  This  was  caused  by 
physical  forces  involving  iiothiug  but  determinable  constants, 
and  the  coefficients  of  thermal  endurance  could  be  worked 
out,  as  had  been  done  for  glass. 

Prof.  T.  Turner  (Biniiingham)  reminded  the  meeting  that 
the  subject  was  also  of  interest  to  the  glass,  pottery,  and 
porcelain  industries,  and  he  referred  to  the  work  on  glass 
being  done  at  Sheffield  University.  Speaking  of  the  relation 
between  porosity  aud  the  packing  of  the  grains  of  which  the 
material  is  built  up,  he  pointed  out  that  round  grains  did  not. 
necessarily  mean  an  open  and  sharp  a  close  packing.  Small 
round  particles  in  the  interstices  of  larger  round  ones,  as  one 
might  have  in  sand,  gave  the  closest  grain.  Porosity  had 
been  measured  by  drawing  air  through  at  a  known  rate. 

Dr.  R.  S.  Hutton  (Sheffield)  pleaded  for  more  work  at  the 
very  high  temperatures  of  the  electric  furnace.  For  example, 
the  properties  of  completely  shrunk  magnesia  were  quite 
different  from  those  of  ordinary  calcined,  aud  the  shrinking 
could  be  economically  effected  electrically. 
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Dr.  W.  H.  Hatfield  (Sheffield)  remarked  on  the  "work  to 
be  done  on  the  resistance  of  refractories  to  slag  erosion.  He 
gave  examples  of  the  great  disparity  in  behaviour  of  different 
grades  of  silica  bricks.  Before  more  progress  was  possible 
luucli  more  accurate  instruments  for  registering  high  tem- 
peratures were  necessary  ；  at  present,  calibration  between 
1,000〕  and  2,000。 -C.  was  difficult  and  uncertain. 

Refractouy  Sands. 

BY    DR.  p.   G.    H.  BOSWELL. 

Many  of  the  sands  used  for  refractory  purposes  are  not 
true  sands  in  the  geological  sense  ；  they  frequently  contain 
a  proportion  of  retractory  clay,  &c.  There  is  no  doubt  that, 
we  can  replace  from  home  resources  a  large  proportion  of 
the  refractory  sands  hitherto  imported  from  abroad,  but  the 
extent  to  which  this  can  be  clone  will  not  be  completely  known 
until  further  iuvestigatioii  of  the  properties  of  suitable  mate- 
rials and  satisfactory  substitutes  lias  been  carried  out.  The 
admirable  work  of  H.M.  Geological  Survey  in  collecting, 
recording,  and,  in  part,  subjecting  to  analysis  supplies  ot 
refractory  materials  worked  in  this  country  needs  to  be  sup- 
plemented by  much  research  、vork，  for  in  certain  directions 
the  properties  of  desirable  sands,  for  example,  are  not  fully 
know  11 J  and  geologists  do  not  know  what  to  look  for.  Pure 
academic  work  in  the  shape  of  the  application  of  modern 
petrographic  methods  to  the  investigation  of  sands  is  urgently 
required,  but  the  final  tests  of  the  suitability  for  particular 
purposes  must  always  be  on  a  commercial  scale  in  the  works. 
On  the  academic  side,  we  need  far  more  results  of  experiments 
and  observations  carried  out  on  certain  definite  lines  and 
under  standard  conditions,  with,  continuity  secured  by  the 
retention  of  one  worker  or  set  of  workers  in  each  direction. 
The  time  has  passed  for  the  scattered  and  haphazard  methods 
and  results  of  which  we  have  had  so  large  a  number.  The 
pure  scientific  work  will  indicate  the  likely  materials  to  be 
tried  in  industrial  practice  and  will  eliminate  the  improbable. 
The  closest  British  analogues  to  the  very  suitable  foreign 
materials  will  then  be  found. 

The  refractory  sands  used  in  industry  】uay  be  divided  into 
three  chief  classes  :  («)  the  high  silica  sands  (with  98'99  or 
more  per  cent,  of  SiO^), (厶) the  high  silica  and  alumina  sands 
bearing  variable  proportions  up  to  20  per  cent,  alumina,  as 
kaolin,  &c.，  and  little  else  but  silica,  (c)  sands  for  green  sand 
moulding,  carrying  a  strong  and  highly  refractory  natural 
clay  bond.  All  class  (//)  sail  els  hitherto  imported  may  be 
replaced  from  the  abundant  and  excellent  British  supplies. 
(The  economic  factors,  freight,  &c.，  will  have  to  be  considered.) 
、Ve  h;,ve  also  valuable  deposits  of  class  (6),  but  so  far  as  those 
sands  of  class  (c)  which  are  used  for  high  temperature  steel- 
nioiikliiig  are  concerned,  it  must  be  admitted  that,  the  best  of 
foreii^Mi  sands  hitherto  used  here  have  not  been  equalled  by 
known  British  resources.  The  reason  for  this  is  twofold  :  in 
the  iirst  place  the  peculiar  properties  of  the  Belgian  red  or 
yellow  sands,  to  take  a  concrete  case,  have  never  been 
thoroughly  investigated  with  the  view  of  finding  substitutes  ； 
ill  the  second,  we  do  not  yet  know  all  our  Eritisli  sand  and 
related  deposits  at  all  thoroughly.  At  least  two  geological 
horizons  in  this  country  should  be  thoroughly  searched  in  this 
connection  ；  they  are  the  Pliocene  and  the  Lower  Cretaceous. 
The  Tertiary  and  Cretaceous  deposits  of  the  south-west  of 
England  are  particularly  deserving  of  attention. 

In  brief,  research  on  British  and  foreign  refractory  sands 
is  desirable  in  the  following  directions  (among  others) :  (1) 
Mechanical  analyses,  to  gain  more  accurate  ideas  of  grading, 
carried  out  scientifically  ；  (2)  chemical  analyses  of  each  grade, 
not  bulk  analyses  ；  (3)  mineral  analyses,  to  realise  the  impor- 
tance of  constituent  minerals,  esj^ecially  those  prone  to  decom- 
position which  yield  the  "  bonds"  of  these  sands  ；  (4)  the  water- 
holding  rapacity  of  10。  intervals  at  temperatures  below  110" 
and  at  suitable  but  greater  intervals  above  ；  (5)  the  conduc- 
tivity ; (6)  the  refractoriness  of  eacli  grade  ；  (7)  pore  space 
and  permeability. 

It  is  to  be  hoped  that  before  long  a  detailed  account  of 
British  resources  of  refractory  sands,  witli  analyses  and  notes 
oil  their  ]>p<:uliar  properties,  may  be  in  the  hands  of  rtiaiui- 
facturers  and  others.  Such  a  report,  ))y  the  speaker  on  British 
resources  of  sands  suital)le  for  glass- 腸 kivg,  with  notes  on 
certain  highly  siliceous  materials  suital)le  for  refractory  pur- 
poses, was  just  being  published  at-  the  request  of  the  Ministry 
of  Munitions.    These  glass  sands  fall  under  classes  (")  and  {h) 


above,  but  the  resources  suitable  for  refractory  purposes  are 
far  larger  than  those  for  glass-making. 

Finally,  co-ordination  of  the  work  of  the  four  classes  of 
interested  people  (users  of  refractories,  the  makers  of  refrac- 
tories, the  collectors  and  analysts  of  raw  materials,  and  the 
research  workers)  is  urgently  required  to  prevent  serious  over- 
lapping and  to  ensure  a  minimum  loss  of  effort  and  a  maxi- 
mum of  benefit  to  tlie  country,  which  as  far  as  possible  should 
be  self-supporting  in  the  matter  of  raw  materials  for  key 
industries. 

The  general  discussion  was  resumed  by  Mr.  E.  Kilburji 
Scult,  who  confirmed  from  his  own  experience  with  flame-arc 
furnaces  what  Dr.  Hutton  had  said  about  the  possibility  of 
completely  shrinking  niagnesite. 

Dr.  W.  C.  Hancock  spoke  of  the  application  of  certain 
organic  dyes  to  etch  refractory  materials  much  as  metals  were 
etched.  This  method,  coupled  with  Prof.  Fernsides',  would 
be  a  powerful  weapon  for  elucidating  internal  structure.  He 
was  working  on  coke-oven  firebricks  in  this  direction  iu  con- 
junction with  Prof.  Bone  at  the  Imperial  College  of  Science 
and  Technology. 

Thermal  Conductivity  of  Materials  Employed  in  Furnace 
Construction, 
by  ezer  griffiths,  m,sc. 

This  paper  dealt  with  the  methods  employed  for  investi- 
gating the  thermal  conductivity  of  bricks  and  tiles  of  com- 
mercial sizes.  One  of  the  practical  difficulties  was  the  attain- 
ment of  a  uniform  temperature  over  the  hot  face  of  the 
baniple,  since  the  surfaces  were  always  irregular.  It  was  found 
possible  to  obtain  good  thermal  contact  as  well  as  a  very 
uniform  distribution  of  temperature  over  the  surface  by  the 
use  of  a  shallow  bath  of  molten  metal  electrically  heated.  In 
high  temperature  experiments  tlie  heating  was  effected  by 
making  the  test  sample  a  part  of  the  walls  of  a  large  muffle. 
The  heat  transmitted  was  measured  by  a  flow  calorimeter 
fitted  with  a  guard  ring. 

A  compact  form  of  tlienno-element  was  described  :  the  two 
wires  (Pt — Pt  10  per  cent.  Ir)  being  separately  insulated  by 
silica  capillaries  and  both  enclosed  in  a  silica  sheath  of  about 
5  mm.  diam.  The  sheath  was  closed  at  the  end  in  the  form 
of  a  bulb  containing  the  junction.  The  t h er ni o-el em eu t  was 
employed  for  exploring  the  distribution  of  temperature  in  the 
metal  bath,  and  for  this  purpose  it  was  bent  into  an  L  shape. 

Values  of  the  thermal  conductivity  and  its  variation  with 
temperature  were  given  for  two  typical  materials  employed 
for  thermal  insulation ― the  one  composed  principally  of  diato- 
iiiaceous  earth  baked  at  a  high  temperature  to  form  a.  rigid 
brick  of  friable  texture  ；  the  other  rnaiuifactured  by  blowing 
steam  through  molten  blastfurnace  slag,  which  converts  it  into 
a  product  bearing  a  resemblance  to  cotton  wool.  This  material 
was  test ed  in  the  form  of  a  mat,  the  faces  being  covered  with 
wire  111 eshing. 

Dr.  J.  A.  Harker,  F.R.S.,  commented  on  the  value  and 
accuracy  of  Mr.  Griffiths"  work  on  a  subject  presenting  serious 
experimental  difficulties.  He  added  some  information  on  the 
properties  of  zircoiiia,  which,  if  fine  enough,  would  stand 
being  plunged  into  water  at  a  white-heat  temperature. 

The  following  written  communications  to  the  discussion 
v/ere  received  : —— 

Mr.  W.  Donald  (Glasgow),  who  sent  in  some  specimens  of 
raw  and  calcined  Greek  inagnesite  and  niagnesite  cement  and  - 
bricks,  wrote  that  they  were  having  to  make  substitutes  for 
Austrian  inagnesite  bricks,  and  they  were  therefore  adding 
some  8  per  cent.  Fe.O^  to  the  Greek  niagnesite,  which  was 
too  pure,  to  approximate  its  composition  to  the  Austrian. 
Mr.  Donald  also  exhibited  some  Indian  and  Rliodesiau  chrome 
ore  and  cements  and  bricks  made  therefrom.  He  went  on  to 
suggest  that  the  use  of  doloniite  in  conjunction  with  mague- 
site  for  basic  steel  furnaces  needed  serious  consideration.  He 
believed  iliat  when,  as  often,  the  dolomite  "boils  with  the  metal 
active  ferrates  of  lime  may  be  fonned,  and  the  result  is 
destructive  to  the  uiasj^iiesite  foundation  of  the  furnace.  He 
had  recently  suggested  to  the  Iron  and  Steel  Institute  the 
desirability  of  drawing  up  standard  specifications  for  bricks 
used  ill  the  iron  and  steel  industries.  Finally,  he  touched  on 
the  quevsiiou  of  linings  for  electric  furnaces,  and  he  incidentally 
mentioned  tlie  possibilities  of  Serbia,  with  its  minerals  and 
plentiful  water  power,  as  an  electro- metallurgical  centre. 

Mr  A.  B.  Sefi  rle  (Sheffield)  expressed  his  agreement  with 
the  view  that  chemical  analysis  was  secondary  in  importance 
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to  sonio  of  ilio  physical  cliararf  eristics  of  nre1)rirl<s,  ami  he  had 
himself  cliioily  roliod  on  physical  and  microscopical  iiiol hoda 
of  exiuiiinat ion.  Rot'erriug  to  tlie  dosif©  I'or  oo-onlinution 
iliat  had  been  expressed,  he  reniiiuled  t  lie  "le'eting  that  ilioy 
had  a  trade  journal  which  devoted  special  attention  to  the 
scientific  and  technological  as])e<'ts  of  refractories.  Backward- 
ness  was  largely  due  to  the  fact-  that  most  of  the  Hrms  con- 
cenied  were  too  small  to  undertake  research  work.  Further- 
more, research,  to  be  useful,  nmst  be  carried  out  by  specialists 
who  had  practical  knowledge  of  the  industry.  The  manufac- 
turers should  combine  together  and  retain  such  men,  leaving 
Ihe  Universities  to  concentrate  on  questions  of  academic 
interest,  for  which  they  were  specially  fitted. 

Mr.  T.  Allen  (Dudley)  said  tlie  great  difficulty  in  making 
improvements  in  inanufacturing  processes  in  this  industry  was 
to  prove  the  value  of  any  change,  because  this  might  take 
years  to  realise.  Laboratory  tests  were  often  inconclusive. 
Nevertheless,  the  gas-retorts  of  today  were  meeting  the  severe 
demands  put  upon  them.  An  important  point  was  the 
economy  of  not  running  retorts  after  their  efficiency  has 
dropped,  say  in  1,000  to  1,200  days.  He  did  not  think  German 
or  American  gas  installations  showed  better  results  than  the 
best,  of  our  own.  He  paid  a  tribute  to  the  work  of  the  Refrac- 
tory Materials  Committee. 

Mr.  F.  Deansfield  (Oldham)  wrote  of  the  desirability  of 
inducing  manufacturers  to  adopt  more  uniform  methods.  He 
also  drew  attention  to  the  enormous  loss  of  refractory  clays 
lying  under  coal  seams,  due  to  the  winning  of  the  coal  only, 
so  that  it  afterwards  becomes  too  dangerous  and  costly  to  win 
the  clay.  These  materials  ^hould  be  carefully  reserved,  if 
necessary,  by  legislation.  He  hoped  the  Society  would  con- 
sider this  problem. 

Mr.  Alleyne  Reynolds  wrote  that  he  knew  of  an  Austrian 
works  having  clamped  arches  of  silica  bricks  8ft.  in  width  that 
had  been  in  use  for  over  20  years,  whereas  we  were  satisfied 
to  produce  silica  bricks  with  20  per  cent,  expansion.  The 
same  firm  paid  more  attention  to  properly  heatine  their  ladles 
and  shaping  their  nozzles  than  any  British  firm  of  his  acquain- 
tance. There  should  be  more  co-operation  between  the  steel- 
TTiakers  and  the  makers  of  refractories.  The  keeping  of  so- 
called  " trade  secrets "  was  to  be  deprecated  ；  the  most 
successful  manufacturers  were  those  who  showed,  like  their 
President,  a  large-minded  scientific  spirit.  Mr.  Reynolds 
disagreed  with  the  President  as  to  worn  clay  nozzles  account- 
ing for  slag  inclusion  in  steel  ingots,  which  he  thouo'lit  resulted 
from  reactions  in  the  dissolved  FeO  and  FeS.  He  was  sus- 
picious of  magiiesite  nozzles,  from  wliirh  minute  particles 
would  probably  be  carried  into  the  mould.  He  added  some 
interesting  information  on  the  proper  method  of  casting  steel 
from  the  ladle  and  on  the  effect  of  iron  oxides  in  firebricks. 
Fe^Og  and  Fe^O ,  seem  to  increase  the  refractoriness  of  bricks 
exposed  to  oxidising  atmospheres  ；  any  iron  oxide  is  detri- 
mental in  reducing  atmospheres.  The  bricks  forming  the 
regenerators  of  open-hearth  furnaces  take  up  mucli  more  iron 
in  the  gas  than  in  the  air  chambers,  and  their  regenerative 
efficiency  is  increased.  The  subject  needs  proper  investiga- 
tion, as  does  also  the  volatilisation  of  refractories,  particularly 
magTiesite,  at  low  temperatures,  such  as  1,300°  C.,  perhaps 
due  to  catalytic  action.  A  properly  designed  electric  furnace 
was,  he  tlioue^ht,  the  only  remedy. 

Mr.  Charles  R.  Darling,  in  view  of  the  relatively  higli 
conductivity  of  firebricks  as  shown  by  Mr.  Griffiths,  drew 
attention  to  the  suggestion  of  Hutton  and  Beard,  made  before 
the  Society  in  1905,  that  furnaces  should  be  lagged  with  a 
highly  insulatiner  substance.  Experiments  bv  Fitzgerald  and 
hy  him  had  confirmed  the  great  savins^  finticipated.  It  was 
stran.q^e  that  metallurgists  had  not  adoptefl  the  idea.  A  very 
useful  refractory  was  alundum,  of  ■which  Messrs.  Baird 
and  Tat  lock  exhibited  specimens.  Tt  melted  at,  2,050°  C"  and 
had  no  action  on  platinum  at  hioli  teni peratures,  so  was 
suitable  for  p  1  a ti n u m -w on n d  electric  furnaces.  A  non-porous 
variety  was  useful  for  sheathine-  pyrometers  and  is  less 
corroded  by  molten  metals  than  silica.  The  question  of  the 
electrical  conductivity  of  refractories  had  been  little  studied  ； 
in  a  research  he  was  entraged  upon  he  needed  one  that  was 
non-conductin^r  at  1,600°  C.  and  which  was  not  easily  attacked 
by  metallic  oxides.  , 

A  considerable  number  of  specimens  of  minerals  and 
refractory  materials  and  products  were  exhibited  to  the  meet- 
ing by  the  authors  of  the  papers  and  others. 


IMPROVEMENTS  IN  ROLLING  MILLS. 

Tn  Mio  mills  ai.  pmsmit'  employed  for  rolling  round  bars  of 
si  eel  or  oilier  metal  it  has  bBon  cuRtoriiary  hithert  o  io  I'onii 
1  he  bar  when  passing  tJirougli  tlie  earlier  rolls  Koinewliat  of 
oval  sect  ion  ami  i  o  introduce  this  oval  form  into  tho  final  pass 


Improvements  in  Rolltng  Mills. 


of  the  rolls  by  turning  it  up  on  its  more  or  less  pointed  end 
and  feeding^  it,  by  hand  therethrough,  or  directing  it  through 
guides  upon  which  hydraulic  or  other  pressure  has  been  neces- 
sary to  keep  the  oval  bar  from  】iioving  or  twisting  when  thus 
being  drawn  througli  the  rolls.  In  the  arrangement  illustrated, 


Improvkments  in  Rolling  Mills. 


the  invention  of  Messrs.  Samuel  Fox  &  Co"  Ltd.,  of  Stock- 
bridge  Works,  near  Sheffield,  Mr.  Charles  Thickett,  and  Mr. 
William  Hawksworth,  the  rolls  are  shaped  for  producing  the 
round  bar  in  such  a  manner  that  the  initial  stages  or  earlier 
passes  cf  the  rolls  produce  not  an  oval  section  but  a  section 
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two  sides  of  which  are  rectilinear  and  the  other  two  sides  (or 
ends)  curved  iu  form.  This  specially  shaped  bar  is  then 
passed  through  the  final  rolls  by  turning  such  up  on  to  one 
of  its  curved  ends  with  the  rectilinear  sides  vertically  disposed 
and  rumiing  between  guides  against  which  these  vertical  sides 
can  bear  in  such  a  manner  as  to  keep  them  in  true  linear 
position  for  entering  the  roll  without  liability  of  twisting  and 
without  needing  that  they  should  be  subjected  to  pressure 
when  so  passing  through  the  guides  thus  employed. 

Fig.  1  is  a  view  showing  、vliat  might  be  the  original  form 
of  the  bar  that  is  to  be  rolled  into  a  round.  Fig.  2  illustrates 
the  form  of  the  bar  after  initially  passing  through  the  rolls, 
and  Fig.  3  shows  the  final  section  of  the  bar.  Figs.  4，  5，  and 
6  illustrate  in  side  elevation,  sectional  plan,  and  end  and 
cross-sectional  elevation  one  form  of  guide  that  may  be 
adopted.  The  bar  A,  which  may  have  an  initial  shape  such 
as  is  shown  in  Fig.  1，  is  passed  through  the  rolls  of  a  rolling 
mill  of  any  suitable  construction  so  that  in  the  initial  stages 
it  is  made  to  assume  a  shape  such  as  is  shown  in  Fig.  2， 
wherein  two  sides  B,  C  of  the  bar  are  rectilinear  and  the 
other  two  sides  D，  E  are  curved  or  arcuate  in  form,  the  rolls 
being  suitably  formed  to  produce  such  section.  The  bar  is 
then  turned  up  on  to  one  of  its  curved  sides  as  shown  in  Fig.  6， 
and  passing  through  any  suitable  guide  by  which  it  is  firmly 
held  in  position  without  pressure  due  to  the  contracting  of 
the  rectilinear  faces  B,  C  with  the  guide,  is  passed  through 
the  later  stages  of  the  rolls  J  so  that  it  assumes  finally  the 
round  form  shown  in  Figf.  3.  The  guide  comprises  a  ^ide 
box  F  in  which  are  located  the  guides  plates  G,  the  latter  being 
preferably  adjustable  by  means  of  set  screws  H  to  enable  the 
dimensions  of  the  guide  to  be  varied  as  may  be  desired.  By 
this  method  of  forming  the  rolls  and  guidingf  the  bar  there- 
througli  the  inventors  claim  they  are  enabled  to  roll  "without 
a  shaped  guide  and  more  quickly  and  with  a  much  simpler 
adjustment  of  the  rolls  and  guides  than  has  been  hitherto 
possible,  also  avoiding  any  turning  down,  twisting,  or  lapping 
of  the  finished  bar  while  fewer  passes  can  be  used  by  this 
process  than  has  hitherto  been  necessary  in  the  ordinary  forms 
of  rolling  mills  and  devices  employed  for  producing  round 
bars. 

THE  USE  OF  POWDERED  COAL  AS  A  FUEL* 

BY  JOSEPH  HARRINGTON. 

Powdered  coal  was  under  consideration  as  a  fuel  over  20 
years  ago,  and  its  apparent  advantages  have  attracted  the 
attention  of  engineers  ever  since.  The  early  experiments 
were  naturally  crude,  and  failed  largely  because  of  the  lack 
of  proper  machinery  for  reducing  the  coal  to  the  required 
state  of  fineness.  It  was  nof  fully  appreciated  that  the  coal 
had  to  burn  while  floating  in  the  air  in  the  form  of  dust. 
Sufficient  experimentation  was  carried  on,  however,  to  prove 
that  powdered  coal  would  burn  under  these  general  con- 
ditions, and  would  develop  a  particularly  intense  flame.  In 
fact,  one  of  the  chief  difficulties  encountered  was  the  m el ti no- 
down  of  the  furnace  due  to  the  blast-like  effect  of  the  jet  of 
coal  and  air. 

After  the  early  failures  there  was  very  little  done  for  a 
number  of  vears,  but  about  five  years  a^o  the  matter  ^  was 
revived,  and  with  the  development  of  adequate  pulverising 
machinerv,  extensive  and  practical  applications  have  been 
made.  The  first  general  field  of  usefulness  to  which  it  was 
applied  was  the  burning  or  clinkering  of  cement.  The  coal 
was  not  required  to  be  pulverised  particularly  fine.  The 
velocity  of  the  jet  of  coal  and  air  entering  the  kiln  could  be 
hi^h,  and  little  or  no  difficulty  was  encountered  from  deposits 
of  slag  or  ash.  The  next  general  application  of  this  fuel  was 
in  the  simpler  metallurgical  processes  in  the  heating  furnaces, 
where  excessive  temperatures  wers  not  required  and^  where 
the  ash  deposits  were  either  continuously  removed  with  the 
material  to  be  heated  or  could  readily  settle  on  the  hearth 
and  be  later  withdrawn.  . 

In  1912  the  American  Iron  and  Steel  Manufacturing 
Company  had  carried  their  experimentations  to  a  point  where 
Ihev  were  ready  to  publish  statements  of  the  successful  use 
of  the  fuel.  At  the  Lebanon  plant  they  have  used  it  m 
pmldling  and  heating  furnaces  ami  small  reheating  furnaces 
for  nut,  holt,  and  spike  bars,  and  in  larger  furnaces  for  con- 
tinuous billet  heating  and  open-hearth  melting.  

― •  papor  presented  at  a  meeting  of  thc'chicago  section  of  the  American  Society 
of  Mechanical  Engineers. 


Requirements  of  Pulverisation. ― The  condition  in  which 
this  fuel  must  be  furnished  to  produce  satisfactory  results 
has  been  developed  to  a  point  where  it  can  be  considered  as 
definitely  standardised.  Not  only  for  the  sake  of  combustion 
efficiency,  but  for  the  sake  of  more  perfect  pulverisation  the 
coal  should  be  practically  dry,  1  per  cent,  of  moisture  being 
the  maximum  amount  at  which  pulverising  can  properly  be 
effected.  One-half  of  1  per  cent,  moisture  is  the  figure  which 
is  ordinarily  required.  Under  thess  conditions  the  coal  when 
pulverised  remains  quite  fluid,  and  will  break  down  under 
the  influence  of  crushing  rolls  with  much  less  expenditure 
of  power  than  when  damp. 

In  order  that  the  fuel  may  remain  suspended  in  the  carry- 
ing air  and  in  the  furnace  chamber  during  combustion,  it  is 
necessary  to  reduce  it  to  a  certain  degree  of  fineness.  After 
a  great  deal  of  experimenting  this  standard  has  been  estab- 
lished as  follows  :  85  per  cent,  must  pass  through  a  200-mesh 
screen  and  95  per  cent,  must  pass  through  a  lOO-mesh  screen. 
When  these  requirements  are  fulfilled  there  is  an  indeter- 
minate amount  of  impalpable  product,  the  absolute  size  of 
which  it  is  beyond  oiu'  ability  to  measure. 

Much  has  Leen  printed  regarding  the  quality  of  coal  most 
suitable  for  pulverisation,  but  no  arbitrary  limits  can  be  estab- 
lished as  Lo  the  proximate  analysis  most  suitable.  Broadly 
speaking,  the  greater  the  volatile  combustible  content  the 
more  readily  will  the  coal  ignite  and  burn,  and  the  less  depen- 
dent will  be  this  process  upon  the  size  and  proportions  of  the 
combustion  chamber.  As  the  volatile  content  decreases, 
however,  more  dependence  must  be  placed  upon  the  propor- 
tions and  location  of  the  surrounding  brickwork,  in  order  to 
maintain  the  temperature  until  ignition  is  complete.  Anthra- 
cite coal  has  been  burned  in  a  pulverised  form,  but  it  must 
be  very  finely  ground  and  must  be  burned  in  a  rather  con- 
fiued  space,  so  that  the  ignition  may  be  prompt  and  aid  be 
rendered  by  nearby  brickwork  during  the  early  stages  of 
combustion. 

Pulverising  Machinery, ― Several  types  of  machinery  which 
are  commercially  marketed  will  satisfactorily  pulverise  coal. 
They  are  divided,  broadly,  into  air-separation  machines  and 
screen  machines.  In  the  former  class  there  is  an  upward 
current  of  air  produced  by  a  fan  which  has  a  carrying 
capacity  sufficient  to  take  with  it  the  finest  particles,  but 
winch  will  not  lift  the  coarser  ones.  As  soon,  therefore,  as 
the  coal  is  reduced  to  the  required  degree  of  fineness  this  air 
current  will  lift  the  particles  and  take  them  away  and  will 
then  deposit  them  in  a  receiving  tank  by  means  of  a  cyclone 
separator,  which  is  usually  vented  in  some  manner  to  prevent 
the  loss  of  dust.  In  the  screen  mill  the  coal  is  continually 
thrown  against  a  screen  which  permits  the  fine  particles  to 
pass  through  but  causes  the  coarser  particles  to  fall  back 
under  the  rolls.  Pulverisation  can  be  effected  in  a  tube  mill 
or  ball  mill  with  an  expenditure  of  power  and  cost  not  greatly 
different  from  that  of  the  other  types.  • 

The  Burner. —— The  pulverised  fuel  being  collected  in  a 
hopper  is  conveyed  either  by  screws  or  pneumatic  means  to 
the  burner,  wliich  is  situated  at  the  furnace  to  be  served.  As 
to  this  particular  appliance  there  is  great  divergence  of 
opinion  and  a  greater  variety  than  at  any  other  point  of  the 
entire  system.  It  is  now  generally  conceded  that'  the  most 
efficient  results  are  obtained  when  the  coal  dust  is  carried 
into  the  furnace  in  a  stream  of  air,  the  volume  of  which 
is  just  sufficient  to  supply  tTie  oxygen  necessary  for  its  com- 
plete combustion  ；  the  velocity  of  the  entering  jet  must  be 
greater  than  tVie  rate  of  flame  propagation  to  prevent  burning 
back  into  llie  pipe. 

This  mixture  of  coal  and  air  must  be  made  in  fairly  close 
proximity  to  the  furnace.  The  reasons  therefor  are  that  when 
this  mixing  is  done  there  is  produced  an  explosive  compound, 
which  it  is  desired  should  not  be  of  any  greater  extent  than 
necessary.  The  other  reason  for  making  the  explosive  mixture 
close  to  the  furnace  is  that  there  is  a  tendency  for  the  coal^  to 
separate  and  lose  its  uniformity  of  mixture,  under  which 
condition  it  is  obvious  that  part  of  the  jet  would  be  over- 
supplied  with  coal,  and  the  other  part  oversupplied  with  air 
The  production  of  this  uniformity  is  the  more  important  and 
difficult  and  is  the  rock  on  which  have  been  wrecked  the 
hopes  of  more  than  one  enthusiastic  experimenter.  •  Various 
devices  "have  been  provided  for  producing  and  maintaimng 
the  required  uniformity  of  mixture.  . 
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In    the   existing   commercial    installations   the  fuel  is 
removed  from  Uie  storat^e  hopper  by  means  of  a  screw  of 
『pe('ial  design.      This  screw  is  placed  at,  the  bottom  of  the 
lK)i)i)m'  and  is  usually  driven  by  some  form  of  variable-speed 
device,  thereby  securing  control  over    tlie  aiuouiit    of  coal 
extracted  per  unit  of  time.    It  is  a  well-kuowii  fact  that  the 
delivery  from  such  a  screw  is  not  uniform,  the  coal  being 
delivered  in  little  heaps  and  producing  distinct,-  pulsations  in 
the  furnace.      To  reduce  this  effect  these  screws  have  been 
made  with  a  double  or  a  triple  helix,  in  wliich  case  two  or 
three  charges  per  revolution  are  produced  in  place  of  one. 
This  is  a  distinct  improvement,  of  course,  but  even  under 
thes?  conditions  a  very  noticeable  pulsating  effect  is  observed. 
Devices   have   been   developed  for  passing  this  discharged 
material  over  a  screen,  or  over  a  mov?ng  disc  operated  at  a 
considerable  speed,  the  idea  being  to  smooth  out  the  inequali- 
ties, and  produce  a  continuous  delivery  of  dust.    Some  of  these 
devices  have  proved  their  ability  to  secure  this  effect,  which 
is  all-important  on  account  of  its  direct   influence    on  the 
character  of  the  flame  in  the  furnace.    Once  established  this 
uniformity  must  be  maintained,  and  if  it  be  necessary  to  have 
the  mixer  at  any  considerable  distance  from  the  furnace, 
rr^eans  must  be  provided  for  uninterrupted  agitation  of  the 
air  current  in  order  that  the  fuel  cloud  may  remain  of  con- 
stant density.     This  is  not  a  very  difficult  matter,  but  is  one 
which  must  not  be  overlooked. 

. Objections  and  Difficulties.—  A.^  is  the  case  with  all  new 
things,  the  early  history  of  the  use  of  powdered  coal  is 
replete  with  accounts  of  failures,  and  this  has  left  an  impres- 
sion on  the  minds  of  the  engineering  public  which  it  will  take 
years  of  successful  application  to  eradicate.  The  early  experi- 
menters did  not  understand  the  necessity  of  fine  grinding,  and 
it  would  seem  that  they  did  not  appreciate  the  influence  of 
furnace  design  upon  the  temperature  of  the  resulting  gases. 
The  coal  was  powdered  sufficiently  fine,  however,  to  develop 
intense  temperatures,  even  though  part  of  the  coal  was  lost 
by  falling  to  the  bottom  of  the  furnace  and  being  thus  re- 
moved with  the  slag  and  ash. 

Insufficient  combustion  space  and  the  ease  with  which 
this  fuel  can  be  mixed  with  the  minimum  amount  of  air,  com- 
bined to  produce  abnormal  temperatures  and  a  direct  contact 
of  flame  and  brickwork.  The  blowpipe  effect  of  the  high- 
velocity  jet  acted  to  melt  out  the  brickwork  upon  which  it 
impinged.  A  layer  of  melted  lava,  formed  by  the  fusing  of 
both  ash  and  brickwork,  accumulated  in  the  bottom  of  the 
combustion  chamber,  and,  naturally,  discouraged  those  who 
depended  upon  this  fuel  for  continuous  service. 

Later  on,  difficulty  was  encountered  due  to  the  minute 
particles  of  liquid  slag  being  carried  on  in  suspension  and 
deposited  upon  the  tube  sheet  or  water  tubes  of  the  boiler, 
thereby  closing  up  the  flame  space  and  putting  the  boiler  out 
of  action.  These  effects  are  particularly  observable  with 
certain  grades  of  coal,  but  noticeably  absent  in  others  ；  and 
only  until  recently  has  research  work  been  carried  to  a  point 
where  any  knowledge  has  been  obtained  of  what  causes  this 
trouble  and  what  coals  are  most  suitable  for  firing  in  pow- 
dered form. 


Advantages. ― Having  stated  the  objections,  it  is  interest- 
ing to  pay  equal  attention  to  the  advantages  of  this  fuel.  Inas- 
much as  these  advantageous  features  form  the  foundation  of  all 
discussions  of  this  subject,  as  well  as  the  impelling  cause  of 
all  experimental  work,  I  will  but  merely  restate  them,  depend- 
ing upon  later  paragraphs  to  develop  the  subject  more  fully. 
、     From  the  viewpoint  of  the  theorist,  the  use  of  powdered 
coal  forms  one  of  the  best  methods  ever  proposed  for  the 
promotion  of  combustion  efficiency  and  commercial  economies. 
In  all  transformations  of  energy  there  is  unavoidable  loss, 
and  we  are  not  possessed  of  apparatus  which  will  gasify  coal 
with  100  per  cent,  efficiency.     In  tho  producer  there  is  a 
succession  of  losses  which  reduce  the  available  heat  in  the  gas 
to  a  considerable  extent,  and  in  the  mechanical  stoker  there 
are  unavoidable  losses  due  to  various  forms  of  incomplete  com- 
bustion.  Only  in  the  case  of  powdered  coal  is  the  actual  solid 
fuel  both  gasified  and  completely  consumed  directly  within 
the  chamber  desired  to  be  heated.  With  perfect  pulverisation 
the  entire  mass  is  burned  in  suspension,  and  in  actual  practice 
but  a  small  fraction  of  1  per  cent,  is  actually  lost  in  the  flue 
dust  or  slag  pan. 

On  account  of  the  fuel  being  conveyed  into  the  furnace 
by  the  very  air  which  is  afterwards  to  be  used  in  its  com- 


busti^n,  and  on  account  of  l,ho  (HfTusmg  of  the  coal  tliroueh- 
out,  tho  air  in  a  cloud-like  fonnation,  there  is  a  possibility  of 
a  mixture  wliicli  can  l)o  secured  by  no  otiier  means  Earli 
partide  of  coal  is  surrounded  by  a  particle  of  air,  and  on 
aa:ou"t  of  the  extreme  fineness  of  the  particles  practically 
instantaneous  oxidation  occurs.  The  result  is  officiout  corri- 
biistion，  and  we  liave  to  deal  only  witli  the  efTeds  of  the  liigh 
temperature  thereby  obtained.  That  it  is  now  possible  1,o 
control  this  temperature  while  not  sacrificing  any  znaterial 
1  due  to  it,  is  definitely  esiablislied.  Moreover,  the  defi- 
nite control  of  the  amount  of  air  per  unit  of  coal  permits 
of  the  most  perfect  variation  in  the  results  obtained.  Tt  would 
be  impossible  herein  to  enumerate  in  detail  all  of  tlie  means 
employed  to  take  advantage  of  the  inherent  efficiency  of  this 
form  of  firing. 

Powdered  Goal  Fuel  in  Stationary  Practice.— It  must  be 
confessed,  I  think,  that  steam  generation  by  the  use  of  pow- 
dered coal  as  a  fuel  is  still  in  the  experimental  stage,  and 
here，  if  anywhere,  will  it  meet  severe  competition.  Thai 
steam  can  be  efficiently  produced  in  this  way  is  unquestioned 
if  merely  combustion  and  evaporation  are  considered. 
Whether  it  can  be  generated  more  economically  than  it  is 
at  present  by  plants  with  the  best  meclianical  stokers,  still 
remains  to  be  commercially  proved,  and,  even  with  powdered 
coal,  gas  analyses  better  than  16  per  cent,  of  CO。  are  not 
developed.  With  the  mechanical  stoker  the  C62  can  be 
maintained  around  14  per  cent. 

With  powdered  coal  tlie  loss  in  the  ash  pit  and  in  the  flue 
does  not  exceed  1  per  cent"  and  with  the  best  mechanical 
stokers  this  loss  will  not  exceed  2  per  cent,  of  the  coal  fired. 
A  possible  advantage  of  2  or  3  per  cent,  in  combustion  effi- 
ciency in  favour  of  powdered  coal  is  offset  by  the  cost  of  fuel 
preparation.  It  is  not  reasonably  to  be  anticipated  that  we 
can  get  better  than  96  per  cent,  efficiency,  find  this  is  a  figure 
which  can  be  obtained  by  the  mechenical  stoker.  I  foresee, 
therefore,  a  hard  fight  for  powdered  coal  in  stationary  steam- 
boiler  practice. 

Powdered  Coal  Fvel  in  Locomotive  Practice, ― It  is  in  cases 
such  as  the  locomotive  that  powdered  coal  shows  most  favour- 
ably.    Here  we  have  not  only  the  simple  problem  of  com- 
bustion efficiency,  but  a  long  list  of  related  conditions  that 
are  affected  thereby.    I  can  do  no  better  than  to  quote  the 
summary  of  the  report  of  the  standing  committee  of  the  Rail- 
way Fuel  Association.      Summing  the  results  that  are  being 
obtained  in  locomotive  service  these  may  be  stated  as:  (1) 
Smokeless,  sparkless,  and  cinderless    operation.      (2)  Main- 
tenance of  maximum  boiler  pressure  within  a  uniform  average 
variation  of  31bs.  without  popping.    (3)  An  increase  of  from 
7^  to  15  per  cent,  in  boiler  efficiency  as  compared  with  burn- 
ing lump  coal  on  grates.    (4)  Saving  from  15  to  30  per  cent, 
in  fuel  of  equivalent  heat  value  fired.    (5)  Enlarged  exhaust 
nozzle  area  J  resulting  in  greater  drawbar  pull  and  smoother 
working  of  the  locomotive.    (6)  Elimination  of  ashpit  delays, 
facilities,  and  expenses,  and  reduction  in  time  required  for, 
and  ease  in,  firing  up.    (7)  Maint'^nance  of  a  relatively  high 
degree   of    superheated   steam.      (8)  No    accumulation  of 
cinders,  soot,  or  ashes  in  the  superheater  or  in  the  boiler 
flues,  sraokebox,  or    on   the  superheater    elements.    (9)  No 
punishment  or  overheating  of  the  firebox,  new  or  old  sheets, 
seams,  rivets,  patches,  bolts,  stays,  or  flue  beads.  (10)  Elimin- 
ation of  arduous  manual  labour  for  building,  cleaning,  and 
dumping  fires,  and  for  firing.    This  feature  would  appear  to 
be  quite  advantageous,  due  to  difficulty  experienced  in  hold- 
ing satisfactory  labour  on  this  class  of  work  at  the  rates 
usually  paid.    (11)  Avoidance  of  expense  and  annoyance  in 
providing  various  sizes  and  kinds  of  fuels,    (12)  Elimination 
of  front  end  and  ashpan  inspection  and  special  fuels,  firing 
tools,  and  appliances  for  building  fires,  and  for  stoking  and 
cleaning  them. 

The  committee  is  of  the  opinion  that  the  effectiveness  and 
utility  of  the  use  of  fuel  in  pulverised  form  has  been  demon- 
strated from  the  past  year's  development,  and  that  the  pro- 
gress in  the  use  of  this  method  of  stoking  and  burning  bitu- 
minous and  anthracite  coals  and  lignites  for  generating  power, 
heat,  and  light  on  railways  will  be  quite  marked  from  now 


on. 


The  constantly  increasing  cost  of  railway  fuel  at  the  mine  ； 
the  scarcity  of  fuel  oil  ；  the  domestic  and  export  demand  for 
the  larger  sizes  of  coal  ；  the  prohibitive  cost  for  briquetting 
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the  smaller  sizes  of  coal  and  of  lignite  for  railway  use  ；  the 
payment  of  labeur  on  the  ruii-of-iiiiiie  basis  for  mining  bitu- 
minous coals  ；  and  the  necessity  for  eliminating  snioke，  sparks, 
and  cinders,  will  all  tend  towards  the  inauguration  of  this 
practical  means  and  method  for  increasing  the  efficiency  of 
steam-boiler  operation,  which  to-day  affords  the  greatest 
opportunity  for  improving  locomotive  and  power-plaiit  costs 
and  performance,  and  for  changing  public  sentiment  by  smoke 
abatement. 

A'、'h  FmihirUy. —— ； A  phase  of  the  combustion  problem  both 
in  connection  with  powdered  coal  and  mechanical 
stokers,  which  is  but  now  receiving  adequate  attention,  is 
the  study  of  the  temperatures  and  conditions  under  which 
ash  will  melt.  Engineers  have  always  recognised  the  fact 
that  certain  coals  were  greater  clinker  producers  than  others, 
and  this  was  laid  at  the  door  of  the  sulphur  content.  Recent 
experimental  work,  however,  has  shown  that  the  sulphur  is 
not  the  controlling  element,  although  the  exact  causes  are 
not  yet  sufficiently  well  known  to  be  definitely  stated. 

Coal  ask  will  melt  at  temperatures  between  2，200。  and 
2,700°  Fall.  Furnace  tern peratiires  in  commercial  practice 
run  between  1,800°  and  2,800*^,  so  that  it  is  possible  to  secure 
coals  the  ash  from  which  will  pass  through  tlie  furnace  with- 
out fusing.  Under  these  conditions  absolutely  no  clinker 
formation  is  encountered,  and  the  coal  is  rated  as  satisfactory 
from  this  standpoint.  In  exactly  the  same  furnace  another 
coal  will  clinker  badly  and  give  trouble.  There  is  no  hard 
and  fast  rule,  therefore,  which  can  be  stated  for  the  selection 
of  a  coal. 

The  temperature  obtained  in  service,  which  is  a  function 
of  the  rate  of  combustion,  the  amount  of  excess  air,  and  the 
proportions  of  the  furnace  chamber,  must  be  determined,  and 
analyses  of  the  fuel  made  to  determine  whether  or  not  it 
will  be  suitable  under,  the  given  conditions.  Like  many  other 
scientific  investigations,  tlie  value  of  a  few  dollars  spent  in 
this  manner  is  not  always  appreciated,  and  the  user  will 
tolerate  the  formation  of  clinkers  for  months  before  he  turns 
to  another  source  of  coal  supply.  When  he  does  so,  he  may 
or  may  not  solve  his  problem,  and  it  becomes  necessary  to 
purchase  and  consume  a  variety  of  coals  before  one  is  found 
which  is  suitable  to  his  needs. 

In  powdered-coal  work,  with  the  more  precise  and  scien- 
tific inanner  of  the  combustion  process,  the  necessity  for 
proper  knowledge  of  ash  fusibility  is  greatly  increased.  The 
day  is  rapidly  approacliiiig  when  the  burning  of  coal  will 
be  considered  a  precise  scientific  chemical  reaction,  in  which 
the  elements  are  supplied  with  exactness  and  understanding, 
and  tlie  result  obtained,  corresponding  in  clefiniteness  to  the 
precision  of  the  mixing  】:)rocess，  will  be  made  to  conform 
exactly  to  the  requirements  of  the  service. 

The  Commercial  Testing  and  En^iieering  Company  has 
determined  tliat  washing  a  dirty  ccal  has  no  effect  on  the 
fusing  point  of  the  ash,  so  that  mere  ash  content  is  not  tlie 
determining  factor  of  desirability  when  considering  a  coal  for 
pulverisation.  The  importance  of  this  preliminary  investi- 
gation can  scarcely  be  overstated.  Assuming  a  inalleableising 
oven,  wherein  the  temperature  does  not  exceed  1,800。，  it  is 
quite  obvious  that  this  is  below  the  melting  point  of  ordinary 
ash,  and  aside  from  the  objection  to  a  large  volume  of  ash, 
any  coal  can  be  used. 

Considering  a  furnace  of  higher  temperature  requirements, 
such  as  a  billeL-heatiiig  furnace  where,  say,  a  temperature  of 
2，300。  is  desired,  it  is  obvious  that  a  coal  fusing  at  2,500° 
would  be  entirely  satisfactory,  whereas  one  fusing  at  less  than 
2,300'  might  cause  clinker  formation.  In  the  case  of  still 
higher  temperature  work  only  those  coals  which  have  the 
highest  fusing  point  could  be  used,  unless  ample  provision  were 
made  for  the  accumulation  of  fluid  anh. 

(，o "elusion, ― My  general  conclusion  as  to  the  future  of 
powdered  coal  as  a  fuel  is  briefly  this :  Powdered  coal  is 
radically  different  in  its  physical  structure  and  metliod  of 
liandliiig  from  any  other  form  of  coal  heretofore  commercially 
used.  Having  marked  cliaraci eristics  it  will  fit  into  certain 
cases  with  extreme  accept  ability,  and  will  probably  prove  just 
as  undesirable  in  certain  other  cases.  Probably  the  most 
important  difference  is  the  burning  of  the  actual  solid  fuel 
directly  within  the  cliairfhei'  and  in  direct/  pliysical  contact 
with  the  metal  to  be  heated.  There  is,  of  course,  an  appreci- 
able amount  of  incandescent  carbon  in  the  furnace  at  all 


limes，  and  this  solid  fuel  is  emitting  radiant  heat  in  close 
proximity  to  the  furnace  contents.  A  large  amount  of  the 
radiant  energy  is  therefore  directly  utilised,  which  is  not  the 
case  when  coal  is  gasinecl  in  a  detached  chamber.  I  cannot 
but  conclude,  therefore,  that  the  success  of  powdered  coal 
lies  in  its  adaptalnlity  to  the  special  furnaces  of  the  metallur- 
gical field,  and  in  those  cases  similar  to  the  locomotives,  where 
lliere  are  other  and  weighty  considerations  in  addition  to 
tlie  actual  relative  increase  in  combustion  efficiency. 


THE  1917  MARTELL  SCHOLARSHIP  IN  NAVAL 
ARCHITECTURE. 

A    SCHOLARSHIP    designated    the    "  Martell   Scliolarsliip  in 
Naval  Architecture  ，，  will  be  offered  for  competition  by  the 
Council  of  the  Institution  of  Naval  Architects,  who  liave  been 
appointed  administrators  of  the  fund  available  for  providing 
the  scholarship.     The  scliolarsliip  is  of  the  annual  value  of 
£100，  and,  subje'ct  to  the  following  conditions,  is  tenable  for 
three  years.   (1)  Candidates  for  the  scliolarsliip  must  forward 
a  written  application  to  the  secretary  of  the  Institution  of 
Naval  Architects,  5，  Adelplii  Terrace,  London,  W.C.,  to  reach 
him  not  later  than  January  15tli，  1917.    (2)  Candidates  are 
not  to  be  less  than  18  nor  more  than  21  years  of  age  on  March 
1st，  1917，  and  must  at  that   date  have   been  continuously 
employed  for  at  least  two  years  "upon  naval  architecture  or 
marine  engineering,    (3)  The  scliolarsliip  will  be  awarded  in 
connection  with  the  competitive  examinations  for  scholar- 
ships, studentships,  &c.，  to  be  held  by  the  Board  of  Educa- 
tion in  May  and  June,  1917，  in  the  following  subjects :  Naval 
architecture,  pure  mathematics,  applied  mechanics  (materials 
and  structures),  and  either  (n、  applied  mechanics  (machines 
and  hydraulics)  or  (b)  heat  engines.    For  information  as  to 
the  exact  dates  of  these  examinations,  and  particulars  regard- 
ing them ,  application  should  be  made  at  once  to  the  Board  of 
Education,  Whitehall,  London,  S.W.    Candidates  residing  in 
Scotland  or  Ireland  should  apply  for  information  as  to  tlie 
examinations  to  the  Scotcli  Education  Department,  White- 
hall, London,  S.W -，  or  to  the  Department  of  Agriculture  and 
Technical  Instruction,  Upper  Merrion  Street,  Dublin,  respec- 
tively.   (4)  In  addition  to  the  above  subjects  of  examination 
the  candidates  will  be  required   to  furnish,  not   later  than 
January  16tli,  evidence  tliat  tliey  have  passed  some  literary 
test  in  English,  such  as  would  be  covered  by  the  Oxford  and 
Cambridge  local  examinations,  a  recognised  school  leaving 
certificate,  or  a  University  matriculation  examination.  (5) 
No  candidate  will  be  appointed  to  the  scholarship  until  he  has 
produced  a  certificate  of  good  character  and  of  time  of  service 
from  his  employers  and  a  certificate  of  birth.    (6)  Each  candi- 
date appointed  to  the  scholarship  will  be  required  to  undergo 
a  three  years*  course  of  study  in  naval  architecture  in  such 
university  or  college  (combined^  as  far  as  possible,  with  a 
practical  training  in  a  shipyard  or  marine  engine  works,  dur- 
ing the  college  vacations)  as  lie  may  propose  and  the  Council 
shall  approve.    (7)  :A  report  is  to  be  sent  in  to  the  Council  at 
the  end  of  eacli  session  of  study  by  the  holder  of  the  scholar- 
ship on  the  progress  made  and  the  results  of  examinations 
attended.    This  report  should  be  endorsed  by  some  respon- 
sible member  of  the  body  under  whom  the  holder  is  working. 
If  the  progress  made  should,  in  the  opinion  of  the  Council,  be 
unscatisfactory,  or  if  the  holder  of  the  scholarship  should,  in 
the  opinion  of  the  Council,  cease  to  comply  with  any  of  the 
conditions  of  tenure,  the  Council  will  determine  the  scholar- 
ship and  may  fill  the  vacancy  thus  arising.    (8)  This  scholar- 
ship may,  at  the  discretion  of  the  Council,  be  withheld  from 
any  student  who,  in  the  opinion  of  the  Council,  does  not  stand 
in  need  of  the  financial  assistance  of  the  scholarship  to  enable 
him  to  pursue  the  course  of  studies  prescribed  by  the  regula- 
tions.   Each  candidate  will  be  required  to  produce  evidence 
that  without  tlie  assistance  of  the  scholarship  lie  would  not  be 
able  to  follow  the  prescribed  course  of  studies.    (9)  All  com- 
muiiications  with    respect    to    this    scholarship    should  be 
addressed  to  the  secretary  of  the  Institution  of  Naval  Archi- 
tects, 5,  Adelplii  Terrace,  London,  W.C. 
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ACCIDENTS  AT  BLASTFURNACE  PLANTS.* 

TuKiR  Causk  and  Pukvkntion. 

UY  FREDERICK  II.  WIULCOX. 

In  attacking  I  lie  accident  problem  in  a  blast  furnace  plant,  it 
should  be  realised  at  the  outset,  that  it'  is  inipossibl©  to  pre- 
vent all  accidents.  On  the  other  hand,  it  is  not'  necessary  to 
inaugurate  a  complicated  and  expensive  campaign  in  order 
to  reinove  many  of  the  hazards  surrounding  the  workmen. 
The  ordinary  methods  employed  every  day  in  keeping  pro- 
duction up  to  the  required  standard,  maintaining  equipment, 
guarding  against  incompetence,  or  enforcing  discipline  can 
be  profitably  applied  to  avoiding  accidents,  carelessness, 
awkwardness,  or  unnecessarily  hazardous  conditions. 

The  chief  causes  of  accidents  at  blastfurnace  plants  in 
order  of  their  importance  are  as  follows  :  (1)  Hand  labour,  (2) 
hand  tools,  (3)  flying  and  falling  material,  (4)  falls  of  person, 
(5)  burns  from  hot  metal,  (6)  machines  and  machinery,  (7) 
cranes,  hoists,  and  rigging,  (8)  hot  water  and  steam,  (9)  burns 
from  cinder,  (10)  flames,  (11)  railroads,  (12)  asphyxiation, 
(13)  slips,  (14)  illness,  including  intoxication,  (15)  hot  flue 
dust,  (16)  electric  machinery,  (17)  explosives,  (18)  fighting 
and  playing.  If  burns  from  hot  metal  and  burns  from,  cinder 
are  grouped  together  they  rank  third.  Hand  labour  and 
hand  tools  cause  over  40  per  cent,  of  all  accidents  ；  if  flying 
and  falling  material  and  falls  of  person  are  included,  over  60 
per  cent,  of  all  accidents  are  represented  ；  and  if  burns  from 
hot  metal  and  cinder  are  added  the  total  represents  approxi- 
mately 75  per  cent,  of  all  blastfurnace  accidents.  Machines, 
cranes,  hoists,  railroads,  explosives,  and  other  obviously  dan- 
gerous factors  represent  a  comparatively  small  percentage  of 
the  total.  It  is  apparent,  therefore,  that  the  number  of 
injuries  can  most  easily  be  reduced  by  eliminating-  the 
commonplace  dangers  to  which  the  majority  of  the  workmen 
are  daily  exposed. 

The  foremen,  who  are  in  close  daily  contact  with  the  men, 
are  familiar  with  plant  conditions,  and  who  have  super- 
visional  authority,  are  naturally  the  men  best  fitted  to  take 
the  responsibility  for  safety  work.  When  properly  supple- 
mented with  the  work  of  suitable  committees  and  with  the 
co-operation  of  gang  leaders,  inspectors,  and  others,  the  efforts 
of  the  foremen  cannot  fail  to  bring  about  a  noticeable  reduc- 
tion in  the  number  of  accidents.  On  account  of  tlie  part 
played  by  foremen  in  safety  work  in  a  blastfurnace  sug- 
gestions pertaining  to  their  duties  come  first  in  the  order 
of  imporfcance.  Do  not  place  a  slow,  heavy  man  where  a 
quick,  active  one  is  required,  or  a  slow-thinking  man  where 
a  quick-witted  one  is  required.  Moreover,  do  not  "keep  on 
the  same  job  a  man  who  gets  hurt  frequently  in  that  occupa- 
tion unless  the  labour  supply  is  inadequate  or  men  cannot 
be  shifted.  When  a  man  is  employed  or  put  to  work  on  a 
new  job  instruct  him  as  to  his  work  and  how  to  avoid  acci- 
dents, warn  him  of  tmusual  or  obscure  danger,  and  then  put 
him  under  the  cliarge  of  the  gang  leader.  You  should  con- 
sider yourself  personally  responsible  for  accidents  that 
happen  to  your  men  from  their  is^norance  of  danefer  or  of 
safe  TTietljods.  Therefore  watch  for  dangerous  practices,  igfno- 
rance,  lack  of  skill,  and  carelessness,  and  take  the  necessary 
steps  to  correct  faults  when  first  noticed.  Most  men  can  be 
tnue:lit  and  encouraged  to  use  proper  methods  of  work,  but 
wlien  neceesarv  press  on  the  men  by  admonition,  warning, 
susnension,  or  discharge,  your  attitude  ae^ainst  carelessness  or 
indifference.  Th'ill  vaur  men  to  report-  immediately  when 
injured,  however  sli^Titlv  ；  send  an  injured  man  to  the  doctor 
or  firsi>aid  man.  and  then  investisfate  the  accident  at  once 
and  discuss  it  -with  the-  sub-foreinan  and  workmen  in  order 
to  bring"  out  clearly  the  cause  and  imnress  it  on  their  minds. 

Be  watchful  about  tlie  furnace.  Gas  may  be  escapinof  in 
manv  places  and  may  Mil  von  before  vou  know  it  is  present, 
the  furnace  may  slip,  the  bosh  or  ]ie?irth  of  the  furnace  mav 
hrenk  out,  a  tuvere  mav  burst,  or  a  blowpipe  hum  tlirough, 
or  til  ere  mav  be  an  evnlosion.  Keep  out  of  the  cast  house 
except  wbcn  vonr  work  calls  von  there.  The  furnace  crew 
*^an  Rometimes  fell  when  these  ihui are  about  to  happen 
bv  signs  with  which  tliev  are  familiar  ；  at  times  thev  happen 
without  warninef.  Stay  at  vonr  own  work  and  be  safe. 
Keep  away  from  the  bottom  of  the  dust  catchers,  from  under 

*  From  Technical  Paper  No.  136,  issued  by  the  United  States  Bureau  of  Mines. 


the  clown  legs  of  gas  mains,  and  off  of  manhole  covorfl  of  gas 
(lues,  J)o  not  slancl  near  iron  and  cinder  ladh^s  while  tliey 
aro  lK'i"g  iilled,  shii'tcd,  or  poured.  Do  not  go  near  a  cinder 
grauulatiiig  pit,  wliile'  it  is  in  use,  and  do  not  stand  al>out< 
gas  hurnors  or  air  doors  of  stoves.  Never  go  on  of  a 
funiat'e  or  gas  washer  unless  under  the  direction  of  the  fore- 
mail,  or  accompanied  by  some  one.  The  tops  of  boiler  set- 
tings, gas  engine  basements,  skip  pits,  and  ore  bins  should  be 
avoided  unless  your  work  takes  you  there.  】}ef()re  you  begin 
work  in  such  places,  or  in  any  place  where  there  is  a  possi- 
bility of  danger,  wait  until  the  foreman  has  told  you  that 
it  is  safe  to  go.  Satisfy  yourself  that  the  place  has  been  made 
as  safe  as  possible.  Never  look  in  the  peep  holes  of  the  tuyere 
stocks  unless  it  is  part  of  your  duty.  Always  watch  when 
passing  near  the  furnace.  Renienil)er  that  frequently  it  is 
im possible  for  the  furnace  men  to  tell  when  the  furnace  is 
going  to  slip. 

Do  not  refuse  to  use  safeguards,  do  not  ignore  rules  and 
orders,  or  disregard  danger  signs.  There  is  a  reason  for  each 
and  every  one.  Be  sure  to  report  every  accident,  even  the 
slightest  burn,  cut,  bruise,  puncture,  or  substance  in  the  eye, 
as  this  may  prevent  a  trivial  hurt  from  becoming  a  serious 
injury.  Do  not  set  bad  examples  by  bravado,  thoughtless- 
ness, or  negligence  for  less  experienced  men  to  follow.  Use 
commonseiise  as  well  as  foresight  and  watchfulness. 

Acquaint  labourers  and  new  men  with  the  possibilities  of 
slips,  gas,  breakouts,  and  bursting  tuyeres.  If  you  can 
show  them  how  to  be  less  clumsy  in  handling  tools  do  so, 
because  awkward  men  may  injure  others  as  well  as  them- 
selves. If  you  see  anyone  doing  sometliing  that  is  dangerous, 
or  standing  in  some  place  where  he  jnierht  get  Inirt,  tell  him 
of  the  danger.  If  a  man's  clothes  catch  on' fire,  do  not  let 
him  run.  Put,  the  fire  out  witli  a  hose,  or  roll  liim  in  sand 
and  smother  the  fire  by  throwing  sand  on  it,  or  wrap  him 
in  a  blanket  or  coat.  If  a  man  is  gassed  or  receives  an  elec- 
tric shock,  get  him  into  fresh  air,  notify  the  foreman,  and 
give  him  artificial  respiration  at  once;  loosen  His  clothing, 
take  any  tobacco  out  of  his  mouth,  and  keep  him  as  warm 
as  possible. 

Always  wear  clothes  made  of  wool  or  hard  jean  cloth,  if 
possible,  and  especially  avoid  greasy  clothes,  as  they  will 
readily  catch  fire.  Wear  stout  shoes  having  thick  soles  and 
without  cracks  or  holes,  that  are  not  too  low  and  fit  tightly 
about  the  leg.  Wear  goggles  or  a  mask  to  prevent  injury 
when  handling  hot  metal  or  cinder,  breaking  scraps  with 
sledges,  or  turning  hose  on  hot  material.  Never  wear  ordi- 
nary gloves  or  hand-made  hand  leathers  in  handling  jagged 
pieces  of  scrap.  Leathers  or  gloves  with  a  safety  spring  in 
the  Lack  are  the  only  safe  ones,  as  the  scrap  will  frequently 
catch  the  glove  or  leather  and  may  cause  a  serious  sprain 
or  fall. 

When  breaking  runner  scrap,  slag,  lumber,  test  pieces, 
&c.，  with  sledges,  use  iudgment  in  blocking  up  the  pieces 
before  breaking-  them.  The  closer  the  material  is  to  the  floor, 
the  less  probability  there  is  that  it  will  fly  in  breaking.  When 
barring  scrap,  plates,  or  other  objects,  be  sure  that  the  point 
of  the  bar  is  firmly  engaged,  or  that  the  bar  will  not  slip 
off  the  block  before  you  lift  or  put  your  weight  on  the  bar. 
Keep  your  working  place  cleaned  up.  "Bars,  drills,  and  long- 
handled  tools  should  be  kept  where  they  will  not  fall  and 
injure  anv  one,  by  preference  in  a  tool  rack.  If  thev  are 
leaned  asfainst  the  wall,  place  them  so  they  cannot  easily  be 
knocked  over  or  fall  down.  Don't  leave  tools  where  men  can 
stum  We  over  them.  Remove  burned  drills  and  bars  promptly. 
Watch  0X1 1  for  hot  bars,  and  don't  throw  bars  without  looking 
to  see  whether  someone  may  be  hurt  by  their  rebounding. 
Be  careful  when  the  cast  house  is  full  of  steam  ；  feel  your 
way.  do  not  attempt  to  go  quickly. 

When  a  blastfurnace  is  being*  blown  in  or  blown  out, 
banked,  stopped  for  a  time,  or  started  up,  it  is  more  dan- 
oferous  than  in  reofular  running:.  At  such  times  do  not  rely 
uDOTi  vour  own  knowledff"e  of  furnaces,  but  follow  every  direc- 
tion of  the  foreman  strictly.  Do  not  do  anv  of  the  routine 
duties  about  the  stoves,  dust  catcher,  bleeder,  cinder  notch, 
tapnins:  hole,  or  tuyeres  except  by  direction  of  the  foreman 
or  Wower. 

Don't  go  on  the  bustle  pine  unless  vou  notify  the  stove 
tender,  keeper,  or  blower.  When  you  have  to  work  where 
you  can  smell  gas,  take  frequent  spells  in  fresh  air  and  work 
with  another  man.    Do  not  stay  where  there  is  gas  unless 
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your  foreman  knows  the  condition  and  that  you  are  there. 
Do  not  rest  or  stand  under,  near,  or  in  front  of  blowpipes 
or  tuyeres,  as  they  may  burst  or  burn  through  and  throw 
metal,  cinder,  coke,  or  gas  over  you.  When  you  know  that 
the  furnace  is  hanging,  keep  under  cover,  and  warn  others. 
Keep  away  from  the  bottom  of  dust  catchers,  stove  burners, 
down  legs,  and  manholes  of  underground  flues  at  such  times. 
Ill  going"  to  and  from  work  avoid  going  under  cranes  carrying 
loads  or  under  skip  inclines,  or  through  stock  houses,  boiler 
rooms,  or  places  where  you  are  unfamiliar  with  the  work 
which  is  being  done  there.  Do  not  try  to  do  work  other  than 
vour  owu  about  the  furnace  unless  you  are  familiar  with  the 
work  or  have  been  ordered  to  do  it.  Especially  do  not  try  to 
helj)  the.  hot -blast  man  on  shut-downs  or  on  work  with  the 
bleeder,  mixer  valve,  or  any  regulating  part  of  gas  or  blast 
mains  unless  everything  you  do  is  specifically  directed  by 
hini.  Many  accidents  have  been  caused  by  niisunderstaiidiiig 
what  some  one  else  was  doing. 

Always  use  every  safeguard  provided ― goggles,  masks, 
sliields,  safety  hand  leathers,  tongs,  and  gloves.  They  are 
provided  to  prevent  injury  to  yourself,  and  men  at  other 
plants  use  them.  Refusing  to  use  them  is  not  a  sign  of 
bravery  or  of  familiarity  with  your  work,  but  rather  of  fool- 
harcliness  aud  ignorance  of  the  danger. 

Do  not  drive  the  tapping  bar  tliroug'li  the  skull  in  the 
tapping  hole,  or  go  on  the  last  spell  on  the  drill  before  you 
have  placed  the  splasher  and  put  a  shield  in  front,  of  the  tap- 
ping hole,  or  a  cover  plate  or  sheets  over  the  trough,  in  front 
of  the  splasher  except  under  unusual  circumstances.  When 
it  is  necessary  to  pull  the  tapping  bar  out,  don't  hold  on  to 
the  "  Welshman."  Lay  a  bar  across  the  runner  to  support 
the  tapping  bar  while  driving  it  out  ；  the  molten  iron  may 
rush  out  unexpectedl}?"  and  burn  you. 

Do  not  stand  in  front  of  the  iron  notch  wlien  opening  it  ； 
work  from  the  side  as  much  as  possible,  even  on  the  first 
spell,  and  keep  your  feet  out  of  the  trough.  Be  especially 
rareful  when  working  on  a  short,  green,  hard,  or  unusually 
long"  hole.  On  changing  turn,  the  keeper  going  off  duty 
should  inform  the  one  coming  on  as  to  the  condition  of  the 
tapping  hole.  If  the  hole  has  been  working  short  or  badly, 
and  has  not  been  taking  the  clay,  the  keeper  should  inform 
the  other  keeper  and  tell  him  how  much  clay  was  used  on 
the  last  stop.  His  work  will  then  proceed  intelligently.  Do 
not  cast  until  the  skimmer  trough,  runners,  shutters,  and 
spouts  are  dry  and  warm.  Clay,  sand,  loam,  or  coke  dust  in 
the  runners  must  be  dry  to  avoid  boils  of  molten  iron.  Do 
not.  leave  pieces  of  cold  scrap  in  the  runners  or  place  damp 
sand  aofaiiist  the  shutters  or  gates.  Don't  let  pieces  of  wood 
get  under  the  skimmer  dam  or  drain  gates  and  bank  up  the 
drain  or  punch-out  gates  on  the  outside  with  dry  sand.  In 
filling  the  mud  gun  before  a  cast,  only  one  man  should  do 
the  work  if  the  clay  is  being  fed  at  the  funnel,  because  if  two 
men  are  used,  one  to  operate  the  plunger  and  one  to  feed 
the  clay,  one  of  them  may  be  caught  by  the  plimgfer.  In 
loading  clay  at  the  funnel,  do  not  push  it  down  with  your 
foot  ；  use  a  stick.  However,  the  gun  can  be  loaded  as  well 
ami  more  safely  bv  putting  clay  in  at  the  nose  of  the  gun 
with  a  rammer.  When  the  gun  is  loaded  put  about  Sin.  of 
dry  sand  or  ground  ganister  mixed  with  tar  or  black  oil  in 
the  nose,  removing  enough  clay  to  give  room.  Wet  or  sloppy 
day  mav  cause  an  explosion  wlien  it  comes  in  contact  with 
hot  iron.  Do  not  wet  the  nozzle  of  the  mud  gun.  Daub  it 
with  black  oil  after  castiii*?,  while  it  is  still  warm,  and  again 
jiisf.  at  cast  time.  This  will  help  keep  it  from  sfettiiig  wet  and 
will  prevent  a  "  shot  "  if  the  nosp  of  the  sun  is  placed  in  the 
hole  aeainst  a  stream  of  molten  iron.  Oilino-  the  nose  of  the 
^nn  is  better  than  warm  in  it,  becaue  if  the  nose  is  heated 
too  much  or  too  lonp",  the  clav  will  become  dry  and  stiff,  and 
mav  cause  a  short  hole.  If  heatins-  the  nose  is  preferred, 
ponrins:  one  or  two  hand  ladles  of  cinder  over  it  should  be 
suffirient. 

When  casting  do  not  use  cold  or  wet  bars  to  poke  out 
sane],  clay,  or  loam  in  tlie  runners  or  grates,  or  to  break  a 
path  for  the  iron.  Lift  the  pn nch-out  or  drain  gate  slowly 
f  o  avoid  a  rush  of  iron,  which  nuiv  cause  hoilins^,  and  be  sure 
the  puncli-out  bar  is  warm.  Before  tiirninP"  the  iron  into  a 
ladle  sen  that  iho 】ad】e  is  spotted  and  is  all  right.  Do  not 
fill  the  ladle  wiihin  more  than  Sin.  or  9in.  of  the  top,  as  the 
iron    may   be  spilled  in  shifting  it.    Do  not   throw  large 


pieces  of  cold  scrap  into  the  ladle  before  or  during  the  cast, 
as  il  may  cause  boiling  or  an  explosion  of  the  hat  metal.  It 
is  safer  to  fill  the  ladle  nearest  the  furnace  first  and  finish 
the  cast  in  the  ladles  at  the  lower  end,  for  several  reasons. 
One  reason  is  that  the  gates  may  be  lifted  quickly  and  the 
operator  go  away  instantly.  The  gates  should  be  equipped 
with  a  safe  controlling  device.  If  the  iron  is  run  to  the 
bottom  ladle  first,  be  sure  that  all  shutters  are  dry;  if  to  the 
top  ladle  first,  be  especially  sure  the  sand  at  the  gates  is  dry. 
Wlieii  using  the  pricking  rod  on  an  obstruction  in  the  tap- 
ping hole,  do  not  throw  too  much  weight  on  the  rod  if  standing 
close  to  the  trough.  Be  sure  that  the  hand  ladles  and  chills 
for  samples  aud  pig-machine  wheels  are  dry.  Do  not  cross 
iron  or  cinder  runners  during  a  cast  except  where  necessary, 
and  watch  your  step  very  carefully  ；  if  you  have  to  go  in 
front  of  the  iron  notch,  get  across  quickly.  Do  not  step  on 
the  crust  of  hot  cinder.  Do  not  flip  wet  clay  into  hot  iron 
to  annoy  or  tease  a  fellow-workman.  It  is  an  extremely 
dangerous  practice.  Also  in  stopping  the  tapping  hole,  be 
cautious  when  placing  the  mud  gun  in  the  hole.  Unless  the 
cinder  and  iron  in  the  trough  lays  away  from  the  hole,  drain 
tlie  trough  before  putting  the  gun  in.  Do  not  put  the  gun 
ill  the  hole  against  a  stream  of  iron  unless  the  nose  is  warm 
and  dry,  as  the  iron  may  explode.  After  the  gun  is  clamped, 
turn  the  steam  on  by  the  valve  at  the  column,  or  by  means 
of  a  long  hook  open  the  three-way  cock  on  the  gun.  There 
is  danger  of  gas  bursting  out  or  cinder  being  thrown  back 
when  the  first  clay  is  shot  in.  Care  must  be  exercised  in  stop- 
ping the  hole  after  the  first  shot,  as  the  pressure  in  the 
furnace  and  the  suction  of  the  plunger  may  throw  the  clay 
back  in  the  barrel  of  the  gun  and  a  burst  of  gas  or  slag 
follow.  It  is  safer  to  feed  the  clay  into  the  gun  with  a  shovel 
rather  than  to  stand  close  to  the  hole  and  trough,  unless  one 
is  expert  at  throwing  the  balled  day  into  the  funnel  from 
a  safe  distance.  As  stated  before,  use  a  stick ― not  your 
foot ― to  poke  clay  down  into  the  funnel.  While  stopping 
the  hole  do  not  stand  so  that  your  weight  is  on  the  sheets 
covering  the  trough,  and  watch  for  the  exhaust  steam.  Do 
not  put  the  wind  on  until  the  hole  has  stopped  taking  clay 
freely,  and  after  the  hole  is  stopped  leave  the  gun  in  it  with 
steam  on  until  the  clay  has  set  ；  this  may  prevent  a  breakout 
at  the  tapping  hole  between  casts.  If  men  are  changing 
tuyeres  or  plates,  never  throw  or  turn  water  into  the  funnel 
of  the  'inud  gun  or  use  wet  clay  before  .the  fiole  is  entirely 
stopped,  as  gas  may  blow  out  on  the  tuyere  men.  Step  away 
from  the  gun  for  a  moment  when  ？ hooting  water  into  the 
hole. 

•  Never  tighten  the  keys  on  the  tuyere  stocks  or  caps,  or 
take  up  slack  on  the  bridles  when  the  blast  is  on  unless  you 
are  directed  to  do  so  by  the  foreman.  Watch  for  tis^ht  bridle 
springs  or  split  stock  hangers,  and  don't  screw  up  the  nut  on 
tlie  bridle  until  tlie  spring*  is  tight.  Do  not  start  to  loosen 
the  monkey  or  stock  bridles,  hangers,  kevs,  or  caps  until 
the  blast  is  off  and  the  gas  is  drafted  back.  Wear  goggles 
when  Avatching"  the  peep  sights  durins:  a  cast  or  check,  and 
do  not  open  the  peep-siglit,  plug  until  you  are  sure  no  one 
is  ill  line  with  it.  Don't  try  to  blow  coke  out  of  the  eyesiglits 
■until  the  blow  pipes  have  had  time  to  cool.  Know  where  the 
hose  and  water  valves  are  situated  in  the  cast  house,  as  they 
are  needed  quickly  at  times.  When  playing  the  hose  on 
tuyeres,  blowpipes,  or  the  furnace  jacket,  stand  behind  a 
column  as  much  as  possible,  or  to  one  side,  as  they  may  burst 
or  burn  throug-h.  In  case  a  tuyere  bursts  or  a  blowpipe  burns 
out  do  not  work  about  them  unless  thoroughly  familiar  with 
tlie  danger.  Work  to  one  side  as  much  as  possible  when 
dropping  blowpipes,  claving  up,  and  changing  tuyeres,  as 
cinder,  cok&,  or  gas  may  blow  out.  The  tuyere  opening*  should 
always  be  firmly  plugged  with  clay  as  soon  as  the  blowpipe 
is  dropped.  Never  work  about  an  open  tuyere  or  plate  when 
water  or  wet  clay  is  being  put  in  the  tapping  hole.  Watch 
for  hot  bars,  blowpipes,  and  scalding  water  or  steam.  Do  not 
put  up  the  blowpipes  after  a  shutdown  until  the  foreman 
orders  von  do,  for  unless  the  blowing  ens^ine  is  turning  over 
it  might  (； aiise  an  explosion.  Don't  look  into  a  blowpipe  when 
cutXin out  clay  after  a  stop. 

When  plu^o;inor  the,. cinder  notch,  wear  goggles  or  a  mask 
and  long  leather  gloves  ；  be  si:r6  of  your  footing,  and  always 
use  the  shields  provided.  Work  from  the  side  of  the  cinder 
notch  as  much  as  possible  when  opening  it,  and  when  break- 
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iiig  cinder  in  the  ruuuer  during  a  Hush  keep  out  ui*  line  with 
Iho  cinder  notch  and  be  carot'ul  the  cinder  does  not,  splash  on 
your  feet.  Cinder  will  splash  fart lier  th;m  iron.  Keej)  as 
lar  away  as  possible  when  t  hrowing  coal  in  t  ho  ('imler  run- 
ners. It  is  just  as  well  not  to  throw  coal  into  still*  cinder  as 
it  does  not  great  ly  help  matters. 

Do  not  throw  damp  or  wel  nibbiah  in  the  cincler  ladles, 
and  always  examine  them  for  water  or  dampness  and  dry 
them  out  with  cinder  before  flusliiiig  or  casting,  because  a 
damp  latlle  may  boil  or  explode  when  being  lilled.  Keep 
away  from  the  granulating  pit,  when  the  skinirner  trough  is 
being  drained  or  when  you  think  iron  is  coming  over  the 
cinder  dam.  If  it  is  necessary  to  plug  a  cinder  ladle  with  clay, 
always  place  a  sign  or  station  a  watcher  before  going  into  the 
ladle.  He  sure  there  is  no  one  in  a  car  or  ladle  before  throw- 
ing rubbish  into  it. 

Be  prompt  to  report  auytliiiig  abnoinial  or  unusual  about 
the  furnace ~ for  instance,  the  blast  pressure  becoming  high 
or  low  ；  hanging,  tightness,  or  slipping  of  the  burden  ；  cold 
or  dirty  cinder  ；  sloppy,  dead,  or  leaking  tuyere  ；  gas  lighting 
on  the  bosh  or  about  the  mantle  ；  hot  spots  on  the  shell  ； 
delays  in  filling  the  furnace  or  in  spotting  iron  or  cinder 
ladles  ；  wind  and  gas  leaks  ；  or  signs  of  a  break-out,  such, 
steam  or  gas  coming  from  about  the  jacket,  columns,  or  pave- 
ment, the  water  getting  hot  or  steamy  in  the  discharge  from 
the  hearth  or  bosh  jacket  or  on  the  jackets,  or  the  pavement 
or  columns  getting  unusually  hot.  Especially,  report  promptly 
any  signs  of  the  cooling  water  supply  becoming  slack.  Neglect 
of  these  points  oftentimes  leads  to  unnecessary  hard  work  and 
danger  from  messes,  breakouts,  slips)  burned  tuyeres  and 
blowpipes,  or  explosions. 

In  putting  water  in  the  skimmer  trough  do  not  stand  near 
by  with  a  short  nozzle.  If  the  water  strikes  hot  slag,  the 
steam  may  scald  you,  and  if  it  strikes  a  pocket  of  hot  molten 
iron  there  may  be  aii  explosion.  It  is  safer  and  just  as  effec- 
tive to  use  a  pipe,  15ft.  or  more  long,  turned  down  at  the 
end.  If  it  is  necessary  to  break  up  crusts  or  skulls  iu  the 
trough  before  turning  water  on,  don't  use  a  cold  or  wet  bar. 
Wlien  handling  hot  scrap  or  slag  use  tongs  or  a  hook  when- 
ever possible,  and  be  careful  in  breaking  or  barring  slag  and 
scrap  to  avoid  flying  pieces,  falls,  or  dropping  material  ou  to 
your  feet.  Before  throwing  scrap  or  cinder  into  a  car  be  sure 
there  is  no  one  iu  it  and  that  the  pieces  do  not  project  over 
the  end  or  sides  of  the  car  where  they  may  fall  or  be  pushed 
off. 

Be  careful  that  the  gas  or  blast  is  not  turned  into  or  gas 
drafted  back  through  a  stove  that  is  being  cleaned.  Do  not 
open  or  close  any  doors  or  valves  or  remove  any  signs  or  locks 
ou  such  stoves  until  the  foreman  has  told  you  to  do  so.  Before 
turning  gas  into  a  stove,  warn  any  well-bottom  cleaners  work- 
ing about  the  doors.  If  you  think  that  the  stove  is  not  hot 
enough  to  light  the  gas,  put  a  large  bunch  of  burning  waste 
at  the  gas  door  or  provide  other  means  to  ignite  the  gas. 
Don't  stand  by  the  burner  after  turning  gas  into  the  stove  ； 
step  away  quickly.  At  times  the  gas  will  not  light  until  it 
reaches  the  top  of  the  well  or  combustion  cliamber,  and  it  is 
then  likely  to  light  explosively  and  .  puff  out  through  the 
burner  and  air  doors.  Be  especially  careful  when  you 
are  turning  on  gas  from  a  furnace  just  blown  in  or  from  one 
shut  down  on  account  of  leaky  tuyeres,  coolers,  bosh  plates, 
cinder  monkey,  &c.  In  case  of  doubt  always  use  burning 
waste  ；  don't  let  the  stove  fill  with  gas  and  then  try  to  light 
it.  If  the  stove  does  not  light,  shut  the  gas  off'  and  start  over 
again,  using  burning  waste. 

Before  you  blow  off  a  stove,  warn  men  to  keep  away  from 
the  blow-off  valve,  and  especially  warn  them  away  from  the 
blow-off  door  if  the  stove  is  being  shut  down  for  a  leaky 
tuyere,  as  the  gas  may  be  very  explosive.  Be  sure  that  the 
blast  is  on  the  new  stove  before  shutting  the  cold-blast  valve 
of  the  stove  being  taken  off.  Don't  let  the  hot-blast  valve 
drop  sharply  on  to  its  feet,  and  don't  let  the  blast  slam  the 
chimney  valve  into  place ；  set  the  valves  easily  by  hand. 
Opeu  the  cold- blast  valve  slowly  to  avoid  racing  the  blowing 
engines. 

Iu  case  of  the  blast  stopping  unexpecedtly  from  any 
cause  shut  the  mixer  valve  ou  the  by -pass  at  once,  then  close 
the  cold-blast  and  hot-blast  valves  as  soon  as  possible.  Never 
for<>et  to  close  the  mixer  valve  before  checking  or  shutting 
down  tlie  furnace,  beginning  a  cast,  or  stopping  the  blowing 


engine.  To  forget  to  do  this  may  cause  an  explosion  that 
will  wreck  the  mains  and  engines.  When  ii  is  iiecesHary  to 
1  lie  stoves  oil  (luring  a  sliut-dovvii  to  "  change  bronze,  " 
()r  tor  a  short  slop,  he  sure  the  burners  are  closed  tightJy. 
、Vlieii  ready  to  start  the  furnace  aiid  bring  the  gas  down, 
never  turn  the  gas  into  the  stove  until  the  blower  has  given 
the  signal.  Be  sure  that  the  explosion  doors  or  bleeders  on 
the  gas  mains  or  dust  catcher  are  closed  during  a  sliul-dowii  ； 
it*  any  air  gets  into  the  mains  there  is  always  a  chance  of  an 
explosion.  Always  follow  the  instructions  of  the  blower  in 
handling  the  top  bleeder  during  a  shui-dowii.  Many  serious 
furnace  accidents  are  caused  l)y  operating  bleeders  and  gas 
valves  other  than  in  the  way  ordered.  The  least  change  I'ro/n 
orders  may  cause  a  terrific  explosion.  If  the  gas  is  wild  in 
drafting  it  back  in  one  stove  at  a  shut-down,  draft  hack 
through  ail  additional  stove  at  once. 

Keep  away  from  the  dust  legs  and  manhole  covery  on  gas 
mains,  from  gas  burners  and  air  iulet  doors,  when  the  furnace 
is  sticking  and  liable  to  slip.  Be  careful  when  you  open  an 
air  door  to  see  how  the  gas  is  burning  ；  if  too  much  gas  is 
turned  on,  or  if  the  checker  work  is  dirty ^  the  gas  may  flash 
back  into  your  face.  Keep  and  warn  others  away  from  these 
places.  No  one  should  handle  burners,  doors,  or  valves  unless 
directed  by  the  stove  tender.  Do  nob  tighten  any  tliunib  or 
other  nuts  on  doors  or  blow-off  valves  when  the  stove  is  ou 
blast  ；  you  may  be  killed  or  injured  by  the  bolt  breaking. 
Watch  the  water  on  the  hot-blast  valve  and  seat,  because 
water  leaking  into  the  stove  may  cause  the  furnace  to  slip  or 
get  cold  ；  it  will  then  be  more  dangerous.  Report  any  gas 
leaks  about  the  burners  or  mains  ；  do  not 】et  them  leak  un- 
necessarily. When  the  millwright  is  examining  the  chimney 
valve  for  leaks  do  not  change  the  stove  from  blast  to  gas. 
When  the  hot-blast  valve  and  seat  are  being  inspected  be  sure 
tlio  chiiiiney  valve  is  kept  open  and  that  the  gas  is  turned 
off.  Before  entering  a  stove  to  clean  it,  lock  the  cold-blast 
valve  and  gas  burner  shut,  fasten  the  chimney  valve  open, 
and  either  block  the  hot-blast  valve  in  its  seat  or  disconnect 
the  cable  from  the  stem,  or  lock  the  windlass,  and  attach 
danger  tags  ；  be  sure  these  things  are  done.  Stop  any  leaks 
about  the  burner  with  clay,  as  even  a  small  leak  may  allow 
considerable  gas  to  drift  into  the  stove.  It  is  always  safest 
to  close  the  burner  door,  but  if  this  cannot  be  done  for  any 
reason,  turn  the  burner  ou  its  seat,  away  from  the  door  or 
seal  it  off  with  a  blank.  When  ladders  must  be  used  to  get 
into  a  stove  through  the  dome  manhole  do  not  try  to  carry 
topis  up  or  down  the  ladder,  use  a  hand  line.  Keep  away 
from  the  well  of  the  combustion  chamber,  and  do  not  sit  on 
the  bridge  wall  between  the  well  and  the  checkerwork  ；  the 
wall  may  give  way.  Boatswain's  chairs  for  cleaning,  tearing 
out,  or  repairing  the  well  lining  should  be  supported  by 
tackle  attached  to  the  top  of  the  stove  shell  when  possible, 
and  the  chair,  rope,  and  tackle  tested  to  double  a  man's 
weight  before  use.  Anyone  working  in  a  boatswain's  chair 
should  wear  a  life  belt  attached  to  the  chair-sling  block.  Do 
uot  use  a  torch  inside  a  stove  ；  use  an  electric  light  on  a 
standard  insulated  extension  cord  ahd  have  an  electrician 
make  all  connections.  When  it  is  necessary  to  clean  checker- 
work  from  the  bottom  or  to  clean  out  under  the  arches  keep 
under  the  arches  as  much  as  possible  to  avoid  bruises  from 
falling  brickbats,  clinkers,  or  tools.  It  is  best  never  to  enter 
the  bottom  until  everyone  is  out  of  the  top  Always  wear 
goggles  when  inside  a  stove  and  do  not  remove  the  locks  f rom 
the  valves  until  everyone  is  out  and  the  manholes  are  closed. 
Ill  cleaning  flue  dust  from  the  bottom  of  a  stove  be  careful 
to  avoid  burns  ；  the  dust,  is  usually  hot  and  easily  runs  into 
one's  shoes.  Notify  the  stove  tender,  before  opening  the 
cleaning,  air  inlet,  or  blow-off  door  to  clean  tlie  well  from 
t  he  outside,  and  have  him  turn  the  gas  off  enough  to  avoid 
any  danger  of  flame  puffing  back  through  the  door  at  which 
you  are  going  to  work.  In  case  the  furnace  is  hanging  stop 
work  until  it  slips  and  keep  away  from  the  cleaning  door. 
In  loading  barrows  with  liot  cinder  or  dust  do  not  fill  them 
so  full  that  they  will  run  over  ；  handle  them  carefully,  and 
warn  others  to  keep  out-  of  the  way.  Bars  and  cutters  used 
in  cleaning  wells  should  be  handled  with  crossbars  when 
withdrawing  them  from  the  stove.  Keep  away  from  the  doors 
when  gas  is  being  turned  in  the  stove. 

Empty  the  dust  catcher  regularly  ；  if  you  let  it  get  filled, 
and  the  furnace  slips,  there  may  be  an  accident.    Notify  the 
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foreman  when  the  car  is  full  and  if  the  car  is  not  moved 
promptly  and  an  empty  one  spotted.  Never  dump  the  dust 
catcher  when  the  wind  is  off  the  furnace  or  when  the  furnace 
is  hanging  or  liable  to  slip  unless  you  are  doing  it  under  the 
orders  and  directions  of  the  foremau  or  superintendent.  In 
dumping  dust  legs,  dust  pockets,  or  dust  catchers  be  sure 
there  is  no  one  underneath  to  get  burned,  and  warn  men 
against  approaching ；，  as  tlie  dust  may  fly  and  burn  them.  Be 
careful  in  cleaning  up  dust  and  never  step  on  it,  because  it 
will  ruu  like  water  when  hot,  and  burn  you  severely  if  it 
gets  ill  your  shoes.  Be  cautious  in  playing  a  hose  on  hot- 
dust,  as  it  sometimes  explodes  or  flies.  Do  not  clean  up  under 
the  dust  catcher  unless  you  have  notified  the  foreman  and  he 
has  told  von  to  go  ahead  ；  the  bell  may  be  forced  open 
a  slip  or  bv  being  overweighted  and  the  dust  may  burn  you. 
For  the  same  reason  never  go  into  a  dust  car  after  it  is 
spotted  under  the  dust  catcher  ；  pack  the  doors  before  the 
car  is  placed.  Turn  the  water  on  full  before  you  open  the 
bell,  and  water  the  dust  thoroughly  when  dumping  the  dust 
catcher.  Don't  fill  the  car  with  hot  dry  dust  and  then  turn 
the  water  on  ；  it  will  soak  down  slowly,  and  the  contents  may 
explode.  Always  place  a  card  on  the  car  so  that  the  un- 
loaders  will  know  they  are  handling  flue  dust. 

Rod  the  furnace  regularly,  and  iu  case  it  is  haaging  or 
stiff  report  to  the  foreman  promptly.  If  anyone  is  workiug 
iu  the  skip  pit,  on  tlie  skip  lucline,  hoist,  or  skip,  dou't  move 
the  skip,  except  under  direction  and  after  giving  warning. 
If  au  oiler  or  handy  man  is  working  on  the  sheave  wheels, 
bell  rods,  hoppers,  distributor  mechanism,  or  bell-rod  cylin- 
ders, do  not  lower  the  bells  except  on  signal  from  those  on 
top.  Never  start  the  skip  or  hoist  cage  until  you  receive  the 
proper  signal,  unless  you  have  all  regular  charging  operations 
ill  sight,  and  then  signals  are  not  required  When  the  blast 
is  off，  or  when  the  furnace  is  shut  down  and  men  are  working 
about  the  top  or  bottom,  do  not  fill  the  furnace  or  lower  the 
bells  without  warning  the  men  away  from  the  tuyeres  and 
hoppers  on  top,  and  then  only  under  the  direotioii  of  the 
foreman.  If  the  furnace  is  being  shut  down  or  if  it  is 
working  irregularly  and  stops  taking  charges  on  account  of 
hanging  and  slipping,  do  not  put  wet  ore  on  the  bell  ；  at 
111  any  plants  it  is  considered  dangerous  to  dump  wet  ore  when 
the  furnace  is  low.  Report  auytliiug  about  the  skips,  bells, 
or  indicators  that  does  not  seem  right,  such  as  skips  striking 
the  bumper  blocks  too  hard,  slack  or  frayed  cables,  irregular, 
slow,  or  quick  movement  of  the  bells,  or  water  iu  steam  lines. 
By  early  notice  an  accident  or  possibly  a  hazardous  delay 
may  be  avoided.  Never  let  anyone  go  up  the  skip  incline  to 
the  top  alone. 

Scale-car  operators  should  watch  for  stock-liouse  cleaners 
or  others  crossing  the  track  aud  should  always  have  the  car 
under  control.  Watch  out  for  overhead  obstructions.  Let 
the  furnace  millwright  or  electrician  do  all  repair  work  on 
the  car.  Be  careful  not  to  leave  ore  or  stone  on  the  edges 
of  the  chutes  ；  many  accidents  are  caused  by  stack  falling 
from  the  chutes.  When  barring  or  punching  at  the  chutes 
or  doors  of  the  bins  be  careful  to  avoid  a  rush,  of  ore  or  stone 
falling  on  your  foot.  Do  not  open  the  door  of  the  nearly 
empty  bin  or  get  under  it  just  as  the  car  doors  are  dropped 
on  the  trestle  ；  the  material  may  easily  fall  througli  and 
bruise  you,  or  if  it  is  flue  dust  or  sinter,  burn  you.  Wear 
goggles  when  the  coke  is  very  dusty  or  when  breaking  ore 
or  limestone.  If  steam  is  used  to  thaw  ore  in  the  bins  or  piles 
be  sure  that  tlie  hose  is  strong  and  iu  good  condition.  See 
that  no  one  is  in  line  with  the  nozzle  when  you  turn  on  the 
steam.  If  gas  is  used,  see  that  it  stays  lit  and  that  a  pocket 
of  gas  does  not  accumulate.  Do  not  light  gas  by  hand  with 
a  match,  use  burning  waste,  placed  on  the  floor  or  in  the 
chute.  - 

Most  accidents  witli  ore  buggies  happen  from  catching  the 
fingers  between  the  buggy  handle  and  a  column,  wall,  or 
other  obstruction.  Watch  out  for  this  and  use  safety  handles. 
Be  careful  not  to  let  the  buggy 】eg  come  down  on  your  heel, 
or  to  run  the  wheel  over  someone's  foot.  Never  race  with  a 
buggy,  you  may  easily  lose  control  of  it  and  receive  a  wrench, 
strain,  or  bruise.  Watch  that  your  fingers  or  feet  do  not 
get  caught  between  a  lump  of  stone  or  ore  from  the  chute 
and  tlie  buggy  or  floor.  Dcm，t  undercut  an  ore  or  stone  pile, 
or  let  the  stock  lodge  above  you,  keep  it  knocked  down  with, 
a  bar.    Never  stand  close  to  the  elevator  pit   as  the  cage 


comes  down,  ready  to  take  the  buggy  off  the  instant  the  cage 
comes  to  rest,  as  many  men  have  had  tlieir  feet  crushed  in 
this  way  by  getting  them  caught  between  the  cage  and  the 
floor  sill.  Don't  try  to  get  on  the  cage  before  it  lias  come  to 
rest,  or  after  tlie  signal  for  hoisting  has  been  given. 

When  it  is  necessary  to  clean  the  skip  pit,  notify  the  skip 
operator  and  do  not  go  into  the  pit  until  he  tells  you  to. 
Avoid  walking  under  bin  doors  and  chutes.  Keep  off  the 
scale-car  track  and  watch  for  the  car  wlieu  crossing  the  track. 
Don't  stand  on  the  track  wheu  signalling  the  car  operator. 
Be  careful  that  your  bar  does  not  touch  a  third  rail  or  trolley 
wire.  It  is  best  not  to  ride  on  the  scale  car,  and  you  should 
never  jump  ou  or  off  the  car  when  it  is  moving. 

When  you  enter  tlie  motor-house  or  hoist-engine  room 
notify  tlie  skip  operator,  both,  ou  entering  and  leaving.  Keep 
away  from  the  cast  house  and  stoves  unless  you  are  required 
to  go  there  to  help.  Report  all  bad  places  to  the  foreman, 
such  as  dark  corners,  overhead  obstructions,  poor  track,  hales, 
and  unsatisfactory  bin  doors.  Be  sure  to  report  every  injury, 
as  even  a  slight  injury  if  neglected  may  have  serious  or  fatal 
results.  Even  a  bit  of  coke  dust  may  seriously  injure  the  eye 
if  not  taken  out  right  away.  If  a  man  receives  an  electric 
shock  free  him  from  the  source  of  current,  being  careful  not 
to  get  a  shock  yourself,  give  him  artificial  respiration  at  once, 
and  send  for  the  foreman.  Similar  first  aid  is  needed  if  any- 
one becomes  gassed  while  working  ou  top. 

Oil  hand-filled  furnaces  top  fillers  should  remember  not 
to  step  over  trap  or  lift  doors  at  the  top  of  elevator  shafts 
while  the  elevator  is  runiiiug. 

The  safety  of  many  men  about  a  furnace  plant  depends 
indirectly  on  the  care  and  interest  the  stock- house  crew  take 
iu  their  work.  Careful  weighing,  regular  charging,  reporting 
any  difference  in  appearance  or  quality  of  coke  or  limestone, 
and  constant  watching  of  the  movement  of  the  charge  in  the 
furnace  will  prevent  many  slips,  messes,  and  dangerous  work 
at  the  tuyeres,  tapping  hole,  and  furnace  top.  Watch  for  the 
larry  car,  locomotives^  and  cranes,  and  do  not  go  under  the 
ore  bridge  just  before  ore  is  dumped  into  the  bins.  Do  not 
jump  ou  or  off  moving  cars.  Never  sit  on  or  near  the  track 
or  bridge  rails  to  rest  ；  find  a  safe  place.  When  you  hear  the 
warning  whistle  at  the  furnace  get  out  of  the  car  at  one©  and 
under  shelter  as  it  means  the  furnace  is  hanging  and  may 
slip.  AVheii  ore  is  being  dynamited  and  a  warning  is  shouted, 
get  under  cover  and  stay  there  until  material  has  stopped 
falling.  Do  not  try  to  jump  across  the  bins  from  rail  to  rail  ； 
use  the  cross-overs.  They  were  put  there  to  use,  and  the 
minute  saved  by  not  using  them  is  worth  less  th axi  the  good 
example  set  by  using  them. 

Do  not  use  a  pole  iu  spotting  cars  with  a  transfer  car  or 
locomotive  ou'  au  adjoining  track,  use  a  cable  with  safety 
hand  locks.  If  there  is  no  cable  aud  a  pole  must  be  used, 
stand  on  the  same  side  of  the  pole  that  the  coupler  of  the  car 
is  on.  Be  careful  in  pinching  cars  on  the  trestle,  you  may 
fall  and  receive  a  severe  injury.  Pinch  a  car  the  way  the 
foreman  has  shown  you，  and  report  pinch  bars  with,  smooth 
heels  or  dull  points  to  the  toolman  or  foreman.  A  pinch  bar 
fitted  with  a  disc  and  toolsteel  heel  lessens  the  clanger  of 
iujury.  When  turning  ou  a  steam  jet  to  thaw  ore  see  that 
uo  one  is  in  line  with  the  jet  ；  use  a  clamp  to  hold  the  nozzle, 
and  avoid  working  with  worn  hose.  Watch  that  cinders  from 
trestle  locomotives,  or  hot  coke,  do  not  start  fires  in  the  coke 
bins  or  walks. 

It  is  dangerous  to  open  drop  doors  on  loaded  cars  unless 
you  know  how.  Do  not  try  to.  do  it  until  you  have  been 
shown.  Before  getting  into  a  car  to  unload  it，  or  crawling 
under  a  car  to  work  on  the  drop  doors,  】nake  sure,  by  asking 
the  foreman,  that  the  car  will  not  be  moved.  Wait  until  the 
doors  are  dropped  before  going  on  top  of  material  in  cars  to 
be  unloaded.  When  unloading  hopper  cars,  do  not  stand  over 
doors  or  on  the  edge  of  the  material  ；  it  may  slip  and  carry 
you  down*  into  the  bin  where  you  may  be  suffocated  or  severely 
injured.  Obtain  a  firm  tooting  in.  the  bottom  of  the  car 
between  the  doors,  or  be  sure  of  a  firm  hold  on  the  side  of 
the  car.  By  all  means  wear  a  belt  and  safety  line,  if  these 
are  provided.  Do  not  undercut  material  any  more  than  is 
necessary  and  watch  that  the  lumps  do  not  catch  you.  Be 
very  cautious  in  opening  the  doors  of  cars  loaded  with  flue 
dust;  if  dry,  it  will  fly  out.  Avoid  stepping  on  flue  dust  in 
cars,  for  even   apparently  wet   dust  may  be  dry  and  hot 
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beneath  and  cave  when  you  step  on  it.  Always  get  out  of 
u  car  the  same  wiiy  you  get  in  ；  do  not  crawl  out  llirough  tlie 
doors  in  tlio  bottom  ol'  the  car. 

Before  you  droj)  nuilerial  into  empty  or  nearly  eiii])ly  bins 
notify  the  stock-house  crew  so  they  can  keep  clear  of  falling 
mate  rial,  and  be  sure  tliat  the  bin  doors  are  closed.  In 
poking  ore  in  bins  and  chutes  see  that  you  will  not  got  caught 
in  case  a  fall  of  ore  catches  the  bar.  Never  go  into  any  bin 
to  shovel  material  or  to  clean  the  bin  unless  you  have  a  belt 
with  -  a  life  line  attached  to  a  girder  or  tie.  Use  a  flag  or 
track  torpedo  to  protect  the  bin  you  are  working  iu，  or  ask 
the  foreman  for  a  watcher  to  hold  the  line  and  warn  men 
not  to  dump  material  in  the  bin  or  run  cars  over  it. 

Stay  out  of  cast  houses,  pig  machines,  boiler  houses,  and 
other  places  where  your  work  does  not  require  you  to  go,  and 
keep  away  from  iron  and  cinder  ladles  when  they  are  being 
shifted.  Whenever  possible,  keep  from  under  cranes  iu  opera- 
tion. Always  warn  the  crane  man  before  beginning  to  clean 
the  tracks  about  the  graiuilating  pit,  as  he  may  accidentally 
drop  some  hot  slag  over  the  sides  of  the  car  unless  he  knows 
you  are  beneath,  or  scalding  water  may  run  from  the  grab 
bucket  as  it  is  carried  over  your  head.  Be  careful  iu  cleaning 
up  about  a  loaded  cinder  car,  as  steam  and  scalding  water 
may  escape  suddenly  from  a  drop  door.  Don't  throw  wet  or 
damp  rubbish  into  cinder  ladles,  as  it  may  cause  an  explosion, 
and  iu  turning  a  hose  on  a  leaking  cinder  or  iron  ladle  stand 
as  far  away  as  possible,  as  you  may  be  scalded  by  steam  or 
burned  by  an  explosion,  or  shot  if  the  water  hits  molten  iron. 
Avoid  walking  on  ash  piles  ；  they  may  be  hot  underneath  and 
burn  your  feet  if  you  break  through.  Keep  your  feet  out  of 
flue  dust  when  cleaning  it  up.  In  loading  or  unloading  cars 
see  that  the  gang  planks  or  runways  are  in  good  condition 
and  are  properly  placed  and  secured. 

Be  careful  when  handling  heavy  material  or  using  tools, 
as  most  accidents  about  blastfurnace  plants  are  caused  in 
such  work.  The  cleaner  you  keep  the  yard  the  better  and 
more  safely  everyone  can  do  liis  work.  Don't  let  piles  of 
rubbish  accumulate,  or  pieces  of  lumber,  brickbats,  scrap,  and 
other  material  lay  around,  or  leave  tools  about  ；  someone  may 
stumble  over  them.  Fill  up  small  holes  and  depressions  and 
report  promptly  any  steam  or  hot  water  puddles  caused  by 
leaky  lines. 

Always  wear  goggles  or  a  mask  when  working'  about  the 
troughs  while  iron  is  being  poured  ；  be  cautious  when  the 
moulds  are  cold  or  if  they  have  ice，  snow，  or  water  in  them, 
and,  especially  when  cinder  is  comiug  over,  keep  away  as 
much  as  possible.  When  it  is  necessary  to  work  under  the 
strands  to  knock  out  the  "  stickers  "  keep  from  directly  under 
the  strand  as  much  as  possible,  both  the  one  you  are  working 
on  and  the  adjoining  strands.  Men  tending  the  lime  vats 
and  sprays  should  watch  for  stickers  when  it  is  necessary  to 
go  under  the  strands  to  adjust  the  sprays  or  to  feed  lime, 
while  the  machine  is  running.  Aim  to  do  such  work  between 
casts  and  shut  off  the  steam  when  working  about  the  sprays 
or  vats.  Before  pouring  examine  the  top  of  the  ladle  to  see 
that  there  is  no  solid  crust  of  cinder  or  iron  frozen  over  the 
hot  m&tal.  Such  crusts  should  be  broken  with  a  warm,  dry 
bar,  as  otherwise  the  metal  will  splash  badly  when  it  breaks 
through  the  crust.  Never  operate  the  motors,  clutches,  or 
hoists  for  pouring  ladles  or  running  the  strands  unless  it  is 
yovir  job,  or  unless  you  are  told  to  do  so  by  the  foreman. 
Keep  away  from  around  the  sprocket  wheels.  Remove  the 
scrap  and  clean  the  rails  between  pouring  ladles  or  casts. 
Don't  try  to  save  a  few  seconds  by  stepping  on  or  across 
moulds  in  motion  or  containing  hot  metal  ；  use-  the  walks  or 
go  round  if  necessary.  Be  sure  that  the  bars  you  use  to  bar 
scrap  out  of  the  troughs  with  are  dry  and  warm,  and  avoid 
using  short  poling  sticks.  Before  releasing  the  ladle  after 
pouring  replace  all  safety  dogs  or  legs  in  position. 

When  you  are  working  about  the  rear  of  the  】nachine， 
wear  goggles  to  protect  the  eyes  from  flying  chips  of  iron  or 
lime  dust.  Use  care  in  loading  cars  to  prevent  side  loading, 
overloadiiig,  and  loading  directly  upon  drop  doors,  and  see 
that  no  pigs  are  left  on  the  end  frames  where  they  may  fall 
off. 

When  working  on  the  pig  niacliine  strands,  or  changing 
moulds,  see  that  motor  switches  are  locked  open,  tagged  with 
a  clanger  sign,  or  that  the  clutch  is  fastened  open.  Avoid 
touching  electric  lines,  motors,  or  light  sockets,  for  where 
there  is  so  much  steam  and  metal  floors  as  about  pig  machines, 


you  may  get  a  severe  electric  shock  or  burn.  Keep  sledges, 
cutlers,  mid  oilier  tools  in  good  coiidilion,  Ijo  careful  iix  iwiiig 
them,  and  watch  your  liuiids  and  feet  when  handling  moulds 
or  pigs,    llcport  cuts,  burns,  and  bruise's  prornj)lly. 

J)oii  t  leave  large  pieces  of  scrap  on  the  ladle  spouts,  they 
may  cause  accidents  in  shifting  or  pouring,  and  in  removing 
i  hem  use  a  long  bar  and  keep  away  from  in  front  of  llie 
ladle;  work  from  tlie  side.  Before  trying  to  remove  a  boUom 
skull  clear  away  all  overhanging  rim  or  side  skulls  and  knock 
out  avy  loose  bricks.  The  bottom  skuli  will  then  conie  out 
more  easily  and  safely.  Before  removing  a  skull  or  cleaning 
a  ladle  be  sure  the  ladle  is  securely  blocked  or  propped.  When 
trying  to  lift  a  rim  skull  out  of  a  ladle  with  tlie  crane  don't 
stand  on  the  rim  of  the  ladle,  the  lioolc  may  slip  and  strike 
you  or  cause  you  to  fall.  Watch  all  ladles  for  iron  frozen  on 
the  rim  or  spouts,  skulls,  and  "  hot  spots  ，'  or  signs  of  failure 
on  the  lining  whereby  hot  metal  might  break  through.  A 
thin  pldce  in  the  lining  is  usually  shown  by  tho  ladle  shell 
becoming  rusty  red.    Before  using  a  ladle  he  sure  it  is  dry. 


LOCOMOTIVE  FUEL  TESTS. 

One  of  the  largest  of  the  Mikado  type  of  freight  locorn otives 
is  being  mounted  on  the  locomotive  testing  laboratory  of  the 
Engineering  Experiment  Station,  University  of  Illinois,  for 
an  extended  series  of  tests.  The  Railway  Engineering  Experi- 
ment Station  has  entered  into  a  co-operative  arrangement  with 
the  International  Railway  Fuel  Association  and  the  United 
States  Bureau  of  Mines  to  conduct  tests  with  various  sizes 
and  grades  of  coal  used  for  fuel.  The  Baltimore  and  Ohio 
railroad  has  loaned  one  of  its  newest  freight  locomotives  for 
the  purpose.  This  huge  locomotive  weighs,  with  its  tender, 
a  total  of  464，0001bs.  The  testing  laboratory  is  designed  to 
permit  the  locomotive  to  be  operated  at  any  desired  speed  and 
at  any  power  output  under  the  same  conditions  as  prevail  in 
practice,  while  its  performance  is  recorded  by  means  of  auto- 
matic equipment  for  measuring  tractive  effort,  water  consump- 
tion, fuel  consumption,  smoke  production,  and  other  factors 
which  will  enter  into  the  investigations.  The  Baltimore  and 
Ohio  Mikado  type  of  freight  locomotive  has  eight  driving 
wheelSj  each  carrying  a  load  of  28,0001bs.，  two  pony  truck 
wheels  and  two  trailer  truck  wheels.  It  carries  a  steam  pres- 
sure of  1901bs.  per  square  inch,  has  a  firebox  7ft.  wide  and 
10ft.  long,  is  85ffc.  long,  and  delivers  a  pull  or  tractive  effort 
of  54,5001bs.  at  its  drawbar.  Samples  of  coal  to  be  used  will 
be  taken  from  Illinois  mines  and  will  be  graded  according  to 
present  commercial  sizes  ranging  from  the  so-called  slack  and 
ruii-of-mine  up  to  the  commonly  used  "  3  by  6  lump."  Later, 
it  is  contemplated,  tests  will  be'  made  with  a  coal  ground  to  an 
impalpable  powder  or  flour,  which  will  be  injected  into  the 
firebox  by  means  of  a  specially  designed  blower.  Tests  will 
be  made  with  both  hand  firing  and  automatic  stoker  firing.  It 
is  the  ex})ectation  that  these  tests  -will  establish  information 
which  will  enable  a  railway  to  determine  how  much  it  can 
afford  to  pay  for  the  different  grades  and  sizes  of  coal,  and 
which  grades  and  sizes  will  producei  the  best  results  under 
given  operating  conditions.  The  ultimate'  purpose  of  tests 
of  this  character  which  the  University  of  Illinois  is  carrying 
on  in  many  lines  of  activity  is  to  provide  the  basis  for  the 
fuller  and  more  economical  utilisation  of  public  resources. 
In  these  locomotive  tests  it  is  thought  that  the  incidental 
benefits  which  may  come  to  the  public  in  the  possible  decrease 
of  the  smoke  nuisance  may  alone  justify  the  extensive  work 
involved.  The  tests  will  be  conducted  under  the  direction  of 
E.  C.  Schmidt,  head  of  the  Department  of  Railway  Engineer- 
ing, and  will  be  in  the  immediate  charge  of  J.  M.  SnodgTass, 
Assistant  Professor  of  Railway  Mechanical  Engineering,  and 
O.  S.  Beyer,  First  Assistant  in  the  Engineering  Experiment 
Station. 


The  Scarcity  of  Platinum.  ― The  steadily  increasing  price 
of  platinum  is，  says  the  "  Financial  Tinies/'  attracting  atten- 
tion to  the  Honda  lode  in  the  district  between  Malaga  aud 
Gibraltar,  to  which  public  notice  was  directed  at  the  begin- 
ning of  the  present  year.  It  is  understood  that  the  Spanish 
Government  has  assumed  the  task  of  prospecting  the  Honda 
lode.  As  is  generally  known,  the  Ural  platinum  mines,  which 
are  the  richest  known  platinum  mines  in  the  world,  are 
gradually  showing  signs  of  exhaustion,  the  output  for  1915 
having  been  less  by  half  than  that  for  1914. 
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PUMPS  FOR  CONDENSERS. 

The  accompanying^  iilust  rations  show  a  de.sign  of  pumps,  the 
iiiventiou  of  Messrs.  Hick,  llargreaves,  &  Co"  Ltd.,  Soho  Iron- 
works, BoltoD,  and  Mr.  James  Guiiii,  of  the  type  in  which  the 
barrel  or  water  cylinder  is  subiiitrged  by  a  body  of  water 
colli aiiied  in  an  encasing  outer  chamber,  and  is  particularly 
applicable  for  use  in  connection  with  condensers  and  similar 
apparatus  where  it  is  desirable  to  operate  upon  a  column  of 
water  that  is  liable  to  be  hot  and  in  which  there  may  be 
vapours  of  such  a  character  as  to  make  the  flow  of  the  water 
sluggish  or  difficult,  when  an  ordinary  suction  or  reciprocating 
jmmp  is  employed  for  the  withdrawal  and  delivery  of  the 
water  of  condensation  from  the  condenser. 

Fig.  1  is  a  sectional  elevation  in  diagrammatic  form  show- 
ing the  arrangement  of  the  submerged  pump,  and  Fig.  2  is 
an  elevation  showing  the  pump  when  arranged  in  connection 
with  the  main  condenser  and  the  primary  air  and  vapour 
ejector.  The  barrel  I)  is  in  the  form  of  a  submerged  cylinder, 
and  is  surrounded  by  an  annular  space  A,  into  which  water 


Fig.  1-  Fig.  2. 
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may  flow  to  form,  as  it  were,  a  delivery  reservoir  from  which 
the  piston  or  pump  pluiiger  C  may  draw  in  its  up  and  down- 
ward stroke.  In  coimectiou  with,  the  pump  is  arranged  a 
settling  chamber  or  collecting  tank  O  into  which  the  wat^r 
from  the  condenser  may  fall  direct  or  through  a  water  cooler, 
and  to  this  settling  or  collecting  tank  is  arranged  an  ordinary 
pipe  connection  N  for  feeding  and  serving  as  the  main 
suction  pipe  for  the  pump  reservoir  A.  The  collecting  tank 
is  fitted  with  a  float  P  for  controlling  the  supply  of  steam  or 
the  movement  of  the  belt  or  switch  for  actuating  the  piston  or 
crank  of  the  reciprocating  pump,  so  that  the  speed  may  be 
regulated  by  the  movement  of  the  float  to  suit  the  quantity 
of  condensed  steam  water  coming  from  the  condenser,  thereby 
maintaining  a  constant  and  pi'edeterniined  v/ater  level  in  the 
collecting  tank.  This  water  level  is  arranged  so  that  the  pump 
may  be  supplied  by  a  flow  of  water  from  the  tank  to  the  pump 
to  ail  extent  that  will  ensure  the  complete  filling  of  the  pump 
with  water.  The  capacity  of  the  pomp  is  such  that  the  speed 
of  the  plunger  is  slow  in  order  that  the  ^vatei"  flowing  into 
the  pump  under  a  very  low  or  ininimuin  head  will  completely 
fill  Lhe  space  in  the  chamber  due  to  the  displacement  of  the 
water  plunger.  When  1  he  head  of  the  water  flowing  into  the 
pump  is  insufficient  to  fill  the  space  behind  the  moving  piston 
and  in  order  to  ensure  that  this  filling  shall  occur  the  pump 
barrel  is  surrounded  by  a  chamber  A  which  serves  as  an 
auxiliary  feeder  or  reservoir,  and  is  of  such  capacity  that  it 
is,  while  always  full  of  water,  in  excess  of  the  capacity  of  the 
pump  chamber  D，  and  is  provided  with  valves  F,  B  and  com- 
inuiiicatiiig  ports  for  permitting  the  water  to  be  drawn  there- 
from at  any  ])redeter:Tiined  part  of  the  stroke.  This  chamber 
A  is  placed  in  direct  conirnunication  with  the  vacuum  space 
of  the  condenser  l)y  means  of  a  pipe  K，  or  with  a  pipe  or 
l)raiK'h  conii(x:tiiig  therewith  (see  Fig.  2)，  or  with  the  suction 
pipe  of  the  air  ejector,  thus  ensuring-  the  same  pressure  within 
the  chamber  as  would  be  due  to  the  head  maintained  by  the 
automatic  controlling  device,  the  pipe  K  acting  at  the  same 
time  as  a  vent  pipe. 

About  tlie  pump  barrel  is  provided  a  chamber  M  which 
is  fed  from  the  annular  reservoir  or  supplementary  suction 


chamber  into  which  tlie  main  discharge  pipe  N  from  the  auto- 
matic apparatus  delivers,  and  within  lliis  chamber  are  the 
suction  valves  F  B  and  openings  L  for  the  purpose  of  per- 
mitting an  auxiliary  feed  into  the  pump  barrel  D  to  be 
secured  when  the  plunger  or  piston  has  passed  the  openings  L 
witiiin  the  pump  barrel  that  give  communication  to  the 
chamber  and  thus  enable  the  valves  therein  to  be  lifted  by 
the  flow  of  waoer,  and  the  piston  movement  to  be  completely 
followed  up  for  the  entire  length  of  its  stroke.  The  barrel 
is  formed  with  an  upper  stuffing  box  and  gland  which  is 
arrauo-ed  within  the  passage  into  which  the  water  is  delivered 
tlu'ough  the  valves  G  and  J  from  the  pump  barrel,  so  that 
the  pump  rod  gland  in  connection  with  the  pump  barrel  is 
completely  covered  with  water  and  the  leakage  of  air  into 
the'  barrel  thus  obviated,  the  barrel  and  its  valves  E,  G, 
R,  B，  J，  being  always  under  water  and  connection  with  the 
atmosphere  thereby  prevented.  The  valves  for  supplying  the 
water  to  the  lower  part  of  the  pump  chamber  are  made  to 
open  directly  from  the  intermediate  or  auxiliary  suction  reser- 
voir or  from  the  supply  pipe  from  the  automatic  controlling 
apparatus  for  the  inlet  of  the  water,  and 
to  open  also  for  the  delivery  of  the 
water  into  a  column  or  passage  which 
leads  to  the  upper  common  branch  con- 
nection above  the  piston  or  plunger  rod, 
j  and  to  which  common  branch  the 
j  delivery  pipe  is  connected  for  taking 
//  the  water  to  any  desired  position.  Tlie 
\  y/        upper  suction  valve  R  to  the  pump  is 

^^：:^：：^^^^^^^^^；^^：：^^  made  to  open  from  the  supply  pipe  N 

)t  from  the  automatic  controlling  appa- 

 乂  ratus,    and   to  be  fed    also   by  the 

auxiliary  chamber  A，  while  the  upper 
delivery  valve  J  opens  directly  into  the 
common  outlet  branch  chamber  above 
the  plunger  rod.  A  connection  H  may 
be  provided  from  the  water  space  above 
the  pump  barrel  to  the  controlling  tank 
O  in  order  to  supply  water  under  pres- 
sure to  the  external  glands  on  the  balance  weight  shaft  of  the 
float  control  tank  for  sealing  purposes. 


CAN  FOUNDRY  SAND  BE  RECOVERED  ECONOMICALLY  ？  * 

BY  H.  B.  SWAN.  ' 

The  subject  of  waste  foundry  sand  and  the  problem  of  its 
reclamation  is  not  a  new  one  to  foundrymeu,  but  it  seems 
necessary  to  emphasize  the  ever-growiug  importance  and  need 
of  systematic  research  to  determine  the  possibility  of  reclaim- 
ing in  a  practical  way  the  vast  volumes  of  used  moulding 
and  core  sands,  especially  the  latter,  which  are  daily  being 
thrown  away  as  waste  material. 

For  the  purpose  of  determining  the  status  of  the  waste  sand 
problem  throughout  the  foundry  industry,  and  more  as  a 
" feeler  "  than  for  any  scientific  record,  the  following  set  of  10 
questions  was  sent  out  to  a  number  of  large  foundries :  (1) 
How  much  sand  do  you  use  (in  tons)  per  day  ？  (2)  How  much 
new  core  sand  do  you  use  per  day  ？  (3)  Is  your  foundry 
practice  green  sand  or  dry  sand  moulding  ？  (4)  Do  you  use 
oil  or  other  materials  for  core  binders  ？  (5)  How  much  refuse 
sand  do  you  dispose  of  daily  (tonnage)  ？  (6)  How  do  you 
dispose  of  it?  (That  is,  do  you  load  it  on  cars  on  your  siding 
or  haul  it  away  in  wagons  ？  Any  details  will  be  of  additional 
value.)  (7)  How  much  do  you  know  or  estimate  it  costs  you 
per  ton  to  dispose  of  it  ？  (8)  Do  you  make  use  of  any  of  your 
old  core  or  moulding  sand  ？  If  so,  what  percentage  ？  (9) 
How  much  could  you  afford  to  pay  for  treating  and  using  the 
whole  or  a  portion  of  your  old  sand  as  against  the  cost  of  new 
sand  %  (10)  Any  information  which  you  may  add,  bearing 
upon  the  above  questions,  will  be  appreciated  and  used,  with- 
out mentioning  names,  in  the  investigation  of  a  method  to 
make  use  of  the  foundry  refuse  sand,  and  open  to  members 
of  the  American  Foundrymen's  Association  through  its  tran- 
sactions. 

The  answers  to  questions  Nos.  1  and  2  of  course  varied 

•  Paper  read  at  the  annual  meeting  of  the  Amorican  Foundrymen's  Associn- 
lion,  Clcvclaud,  Soptuiubur,  191G. 
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with  the  size  of  the  foundry  and  the  character  of  the  work. 
To  question  No.  3，  greeti  sand  moulding  is  by  far  in  excess 
of  dry  sand  work,  except  in  the  steel  foundries.  In  reply  to 
question  No.  4，  oil,  flour,  and  pitch  seem  to  be  in  almost 
universal  use,  all  of  which,  after  baking  and  resisting  the 
action  of  the  metal,  leaves  carbonaceous  residues.  In  coin- 
paring  the  answers  to  question  No.  5  witli  Nos.  1  and  2，  it 
was  found  that  in  almost  every  case  the  amount  of  sand  dis- 
posed of  equals  the  amount  of  new  core  sand  used,  plus  vary- 
ing percentages  of  the  moulding  sand  used.  Thus  it  would 
seem  that  in  most  foundries  where  dry  sand  cores  are  used, 
no  effort  is  made  to  re-use  the  burnt  core  sand,  but  that  it  all 
is  disposed  of  as  waste  material.  There  are  some  exceptions 
to  this,  however,  in  special  classes  of  work,  such  as  car  wheels, 
where  as  high  as  50  per  cent,  of  the  sand  as  removed  from  the 
cleaning-room  floor  is  used  in  the  new  core  mixtures.  In 
several  cases  the  old  moulding  sand  is  treated  for  re-use. 

Referring  again  to  question  No.  6，  it  was  found  that  with 
one  or  two  exceptions  the  burnt  sand  was  either  loaded  in 
freight  cars  or  hauled  away  in  wagons  to  some  dumping 
ground.  While  it  is  doubtless  true  that  sand  is  the  cheapest 
material  which  enters  into  the  cost  of  the  manufacture  of 
castings,  we  find  the  cost  of  handling  and  disposing  of  it  adds 
to  its  original  cost  as  much  As  100  per  cent.  This  factor 
depends  largely  upon  whether  the  sand  is  handled  by 
mechanical  means  or  hand  labour  ；  upon  the  situation  of  the 
foundry  relative  to  dumping'  grounds,  the  latter  condition  in 
some  cases  of  foundries  located  in  large  cities  being  a  serious 
one  ；  and  also  upon  railroad  facilities. 

As  exceptions  to  the  rule  we  find  one  foundry  disposes  of 
some  of  its  waste  sand  as  a  filler  for  a  fertiliser  ；  another 
writes  that  they  have  used  some  of  their  refuse  sand  for  con- 
crete mixtures.  A  portion  of  their  experience  is  of  interest : 
*'  We  have  used  our  burnt  sand  for  putting  in  foundations  for 
machinery,  and  we  find  that  it  serves  the  purpose  very  nicely, 
and  in  other  places  this  burnt  sand  has  been  used  in  making 
cement  floors,  and  these  floors  gave  good  service.  We  even 
used  this  burnt  sand  and  burnt  core  sand  in  making  concrete 
walls  for  a  building,  and  the  only  bad  effect  that  could  be 
seen  was  that  the  flour  in  the  cores  made  the  walls  flake.  This 
flaking  continued  for  a  period  of  at  least  one  or  two  years 
after  the  structure  was  completed,  and  was  very  noticeable, 
especially  after  a  continued  wet  spell.  The  flour  which  was 
mixed  in  this  burnt  sand  was  evidently  not  thorougUy 
saturated  with  moisture  when  the  concrete  was  poured,  and 
upon  long  exposure  to  damp  weather,  it  swelled  sufficiently  to 
flake  off  patches  of  concrete.  In  some  cases  only  small  parts 
the  size  of  a  dime,  and  in  other  cases  larger  patches  the  size 
of  two  hands,  came  off." 

The  answers  to  question  No.  8  verify  what  has  been  said 
above  to  the  effect  that  many  made  no  attempt  to  re-use 
either  the  burnt  core  or  moulding  sand  :  a  few  treat  a  portion 
of  the  burnt  moulding  sand  for  re-use :  and  with  one  or  two 
exceptions  the  used  core  sand  is  entirely  discarded.  In  answer 
to  question  No.  9，  many  replies  give  no  estimate  ；  some  state 
from  30  to  80  per  cent,  of  the  original  cost  of  the  sand. 

The  personal  experience  of  the  writer  has  been,  in  attempt- 
ing to  use  burnt  sand  in  new  core  sand  mixtures  that  the  cores 
are  weak,  soft,  require  an  excessive  amount  of  binder,  and  do 
not  resist  the  action  of  tTie  metal  well.  Even  after  burnt  sand 
has  been  washed  and  cleaned,  if  examined  under  the  micro- 
scope it  will  be  found  that  the  individual  grains  are  coated 
with  a  blaclc  carbonaceous  residue.  These  absorb  an  excessive 
amount  of  binder,  and  where  seacoal  lias  been  used  either  in 
facing  sand  or  in  the  core-sand  mixture,  this  has  been  coked, 
and  it  is  impossible  from  our  experience  to  wash  it  all  out.  It 
must  also  be  borne  in  mmd  that  nearly  all  foundry  sands 
contain  a  small  amount  of  alkalis  which  are  inimical  to  oil 
binders. 

The  Society  of  Engineers. ― A  meeting  will  be  held  at 
3  p.m.  on  Monday,  December  11th,  in  the  Apartments  of  the 
Geologrical  Society,  Burlin^on  House,  Piccadilly,  W.，  when 
the  following  papers  will  be  read  :  (1)  "  The  Sources  of  the 
Minerals  Required  by  the  Iron  and  Steel  Industries  of  the 
United  Kingdom,"  by  Prof.  William  G.  Fearnsides,  M.A., 
Sorby  Professor  of  Geology,  University  of  Sheffield  ；  and  (2) 
" The  Mineral  Resources  of  the  British  Empire  as  regards 
the  Production  of  Non-ferrous  Industrial  Metals/'  by  Prof. 
C.  Gilbert.  Cullis,  D.Sc"  Assistant  Professor  of  Geology, 
Boyal  College  of  Science,  London. 


PULVERISED  FUEL  INSTALLATION  FOR  STEAM  RAISING. 

In  tho  course  of  the  diHcuHsion  on  the  paper  on  "  The  Use 
of  Powdered  Coal  as  a  Fuel  "  presented  before  the  American 
Society  of  Mechanical  Enj^ineers,  and  reproduced  on  another 
page  of  this  issue,  Mr.  H.  G.  Barnhurst  furnished  particulars 
of  an  installation  for  preparing  and  burning  pulverifled  low- 
grade  coals,  including  lignite,  under  boilers  which  is  now 
being  completed  at  the  shops  of  the  Missouri,  Kansas,  and 
Texas  Railway  Company,  and  which  is  the  first  and  largest 
commercial  installation  of  ifcs  kind  in  existence.  The  boilers 
in  the  plant  (O'Brien,  250  h.p.)  are  arranged  in  one  con- 
tinuous row  of  three  and  one  batteries,  respectively,  there 
being  a  space  between  the  settings  of  each  pair  of  two  boilers 
of  4ft.  8in.，  and  a  space  between  the  two  batteries  of  28ft.  4in. 
for  feed  pumps,  auxiliaries,  &:c.  At  the  far  end  of  the  battery 
of  two  boilers  space  is  allowed  for  four  more  boilers,  which 
will  then  make  12  in  all.  Eis^ht  boilers  are  now  installed,  and 
equipment  is  supplied  for  10. 

The  boilers  are  to  carry  ISOlbs.  steam  pressure,  the  feed 
water  being  delivered  to  the  boilers  at  208。  Fah.  Based  on  a 
boiler  efficiency  of  70  per  cent.,  operating  full  capacity  for 
10  hours,  and  half  capacity  for  14  hours,  about  158.0001V>s. 
of  coal  will  be  consumed  in  24  hours,  or  79  net  tons  for  the 
10  boilers.  When  the  two  additional  boilers  are  added,  a 
total  of  94  tons  per  day  of  24  hours  will  be  required.  Two 
42in.  Fuller  mills  operatingf  12  Tionrs  r)er  day  will  readily 
produce  96  tons  to  100  tons  of  pulverised  coal,  which  will  be 
more  tTian  ample  for  this  plant. 

The  Pnlverisinff  Plant.  ― The  coal  which  is  used  in  this 
plant  is  dumned  directly  from  the  cars  into  a  concrete  and 
steel  hopper  beneath  the  track  which  runs  parallel  and  adi'a- 
cent.  to  the  power  house  and  coal  plant.  As  a  lar^e  percentap^e 
of  it  will  be  mine  run,  a  20in.  bv  24in.  spite-toothed  roll 
crusher  is  placed  directly  beneath  the  hopper  discharge  to 
break  down  the  large  lumps  it  contains.  This  crusher  is 
driven  by  a  bell-connected  motor,  15in.  centres,  placed  in 
inclined  tunnel  leadiner  from  the  tracTc  Tiopper  to  the  coal 
plant,  a  bin1<^iTiqr  43ft.  bv  54ft. 

A'  20in.  belt,  convevor,  with  its  receivan?  end  d i recti v 
beneath  the  disf^Tiarere  from  tTie  tootlied  roll  cnisTier.  conveys 
the  coal  throup*li  an  ircKned  tunnel  to  the  coal  plant,  the 
near  wall  of  which  is  25ft.  from  the  centre  of  the  tracV 
hopper »  tin's  distance  beine:  dptemnine^l  bv  the  difference  in 
hfiifir^t  of  tlie  receiving  anrl  deliverv  ends  of  the  Tv^H  convevor. 
Af  the  delivery  end  of  the  helt  convevor  a  24in.  by  22iti. 
raaenetic  separator  miHev  is  t>lacecl  to  hold  and  remove  any 
f ramn  iron  tTiat  will  bft  hron^ht  aTonsr  with  the  coal,  and  tlie 
coal  I's  th^n  discharsfed  into  a  Dair  of  24iti.  bv  18in.  corru- 
Cfated  rolls  driven  alonsf  with  the  belt  convevor  bv 
a  motor  of  the  beltecl  tvDe.  From  the  corm plated  mils  the 
crushed  coal  is  carried  vn  in  an  elevator,  discharorpd  into  a. 
screw  conveyor  and  carried  alon?  to  a  over  the  Tiaclc  end 
of  the  drier  TTiis  hin  Tirs  a,  capn<?itv  of  40  tons,  which  allows 
a  storaofe  aViead  cif  tlie  drier  rnHls  of  five  lionrs.  The 

elevator  ？ md  scr^^w  convevor  are  "both  run  bv  one  motor. 

The  Conveyina  Mnrfiiv erv. — TRVrnn  t"he  bottom  of  flie  bin 
n  screw  convevor  feeds  the  coal  to  the  back  end  of  a  4ift.  by 
30ft.  indirect-fired  rotary  drier,  both  being  run  by  one  motor. 
The  coal  passes  through  the  drier  and  as  dischargfed  to  an 
elevator  at  the  front  end.  A  screw  conveyor  located  in  the 
floor  also  carries  the  tailings  from  the  settling-  chamber 
beneath  the  drier  stack  to  the  elevator.  The  dried  coal  and 
tailings  are  elevated,  discharged  into  a  screw  conveyor,  and 
carried  to  the  bin  over  the  pulveriser.  This  bin  is  placed  in 
front  of  and  high  enough  above  the  mills  to  enable  all  the 
coal  to  be  fed  to  them  by  gravity,  and  has  a  capacity  of  45 
tons.  The  elevators  and  conveyors  over  the  bins  are  operated 
by  one  motor.  There  are  two  pulverisers. 

The  pulverised  coal  is  delivered  by  spouts  from  the  pul- 
veriser mills  directly  to  an  elevator  and  raised  to  a  screw  con- 
vevor which  carries  the  coal  to  the  boiler  house.  The  conveyor 
and  elevator  are  both  operated  by  one  motor.  This  conveyor 
is  carried  over  a  bridge  30ft.  lone  between  the  coal  plant  and 
boiler  house,  and  continues  on  through  the  entire  length  of 
the  power  house  over  the  bins  in  front  of  the  boilers,  thus 
making  a  single  straight-delivery  unit  from  coal  plant  to 
bins  about  216ft.  in  length. 

One  bin  is  placed  in  front  of  each  pair  of  boilers.  These 
bins  are  rectangular  in  ghape  but  hav^   divided  hopper 
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bottoms,  thus  enabling  the  coal  to  be  fed  by  separate  feeders 
to  each  boiler.  Each  half  of  the  bin  with  its  hopper  bottom 
will  hold  10  tons  of  pulverised  coal,  which  will  provide  storage 
ill  front  of  each  boiler  for  a  run  of  20  hours  at  full  capacity. 
This  allows  ample  capacity,  so  that  any  delay  in  the  coal 
mill  proper  will  not  interfere  with  the  continuous  operation  of 
the  boilers  for  a  period  of  over  24  hours  if  the  boilers  are  run 
under  ordinary  operating  conditions.  Each  bin  is  filled 
through  three  separate  gates  with  spouts  in  the  bottom  of 
the  conveyor,  so  that  the  supply  to  any  bin  can  be  controlled 
as  desired. 

A  ir  Blast  for  Feed! fir/  the  CoaL ― Underneath  and  between 
the  sides  of  tlie  inverted  "  V  "  formed  by  the  two  hoppers  of 
the  bin  is  placed  a  direct-connected  motor  driven  fan  with  a 
down- blast  discharge  which  is  divided  into  two  Tin.  blast 
pipes.  These  two  pipes  diverging  at  an  angle  of  60°  with  each 
otlier  coining  down  in  a  plane  parallel  to  the  front  of  the 
boilers,  about  8ft.  from  the  front  wall  of  the  firebox  or  com- 
bustion chamber,  make  an  easy  sweeping  bend  and  discharge 
into  the  burner  nozzle  located  in  front  of  each  boiler  3ft. 
from  tlie  floor.  The  fan  supplies  the  air  needed  in  feeding 
the  coal  (4,200  cub.  ft.  per  minute)  at  3  oz.  static  pressure  to 
a  burning  nozzle  in  front  of  each  boiler. 

At  the  bottom  of  each  of  the  two  hoppers  of  each  bin 
is  a  4in.  screw  feeder  enclosed  in  a  circular  cast-irou  casing. 
Above  each  feeder,  between  the  hopper  and  the  screw  proper, 
is  a  slide,  so  that  if  for  any  reason  the  feeder  should  become 
jammed  or  broken  it  could  be  readily  removed  without  first 
drawing  tlie  coal  from  tlie  bin.  Each  feeder  is  chain  and 
sprocket  driven  by  a  2  h.p,  variable-speed  back-geared  motor, 
1  he  controlling  rheostat  of  which  is  located  in  a  convenient 
position  in  front  of  tlie  boilers. 

The  Burner.^. ― Eacli  feeder  discharges  into  a  Sin.  pipe,  8ft. 
long,  wliich  drops  the  coal  straight  down  and  into  a  funnel- 
shaped  opening  in  the  top  of  the  burner  nozzle.  This  burner 
is  ideal  for  the  purpose,  as  it  is  both  simple  and  highly 
efficient.  It  consists  of  an  outside  14in.  cylindrical  pipe,  one 
end  of  which  projects  into  the  fui'nace  ；  into  the  other  end 
the  Tin.  blast  pipe  is  inserted  and  extends  inwardly  from  12in. 
to  18in.  A  metal  cone  is  fitted  over  the  blast  pipe  so  that 
it  can  be  moved  back  and  forth  any  desired  distance,  thus 
forming  a  valve  to  regulate  the  amount  of  air  that  is  induced 
in  the  burner  or  to  close  the  opening  entirely  if  desired. 
Directly  over  the  inserted  end  of  the  blast  pipe  a  small  funnel- 
shaped  cone  is  placed  in  the  outside  pipe,  into  which  the  cone 
is  fed  and  drawn  in  by  tlie  suction  formed  by  the  blast.  The 
funnel  opening  into  whicli  the  coal  is  fed  is  directly  over  the 
discharge  end  or  nozzle  of  the  blast  pipe,  so  that  the  coal  will 
be  drawn  in  and  thoroughly  mixed  with  the  blast  and  induced 
air  before  reaching  the  combustion  chamber  of  the  furnace. 

A  large  quantity  of  air  can  be  induced  in  this  burner, 
which,  together  with'  that'  blown  in  by  the  fan,  will  supply 
all  tlie  ail-  required  for  combustion.  The  blast  pipe  is  provided 
with  a  2in.  screw-capped  opening  just  back  of  the  sliding  cone, 
so  thai  the  pressure  and  velocity  of  the  air  can  be  determined 
•wlien  desired.  The  outside  burner  pipe  is  also  provided  witli 
t  wo  similar  openings,  one  between  the  coal  opening  and  the 
open  end,  and  the  otlier  about  1ft.  from  the  furnace  wall. 

At,  normal  rating  on  a  basis  of  70  per  cent,  efficiency  and 
with  feed  waiter  at  208°  Fall.,  these  boilers  will  each  con- 
sume 9581hs.  of  coal  per  hour  or  161bs.  per  minute,  and  will 
therefore  require  about  3,200  cub.  ft.  of  air  per  minute  for 
conibusiion.  ^  TIalf  of  the  capacity  of  the  fan  (or  2,100  cub. 
ft  .)  will  be  supplied  tlu'migh  the  Tin.  blast  pipe  to  each  boiler, 
the  remainder  being  induced  l)y  the  aft  ion  of  the  blast  in 
tlie  intake  end  of  the  burner. 

The  Fyrnares  or  f'o"ihwsf;,w  flirrwher>i. ― The  furnace  or 
romlmstion  chamber  of  these  boilers  is  well  adapted  for  firing 
with  pulverised  coal,  in  that  it  has  583  cub.  ft.  of  volume  or, 
at  normal  rating,  36*4  cub.  ft.  per  pound  of  coal  fired  per 
minute.  The  bridge  wall  is  located  7ft.  from  the  front  wall 
of  the  setting  and  from  the  end  of  the  burner.  The  baffle 
wall,  wliich  in  the  standard  O'Brien  boiler  is  carried  on  the 
bottom  row  of  tubes,  has  in  tliis  case  been  replaced  over  the 
cornl)ustion  chamber  wit  h  bricks,  with  a  U-sliaped  opening  in 
one  side  to  fit  llie  tube  so  tliat,  wlien  inserted  the  two  together 
will  completely  surround  the  bottom  of  any  tuhe,  and  thus 
serve  to  protect  the  tul)es  from  the  direct  action  of  the  flame 
and  likewise  offer  a  combustion  cliamber  whose  top,  bottom, 


and  sides  present  to  the  entering  coal  dust  a  surface 
entirely  lined  with  refractory  firebrick,  the  top  or  roof  being 
protected  by  tlie  tubes.  From  the  base  of  the  arch  wall,  on 
a  level  with  the  floor  of  the  boiler  rocm,  the  bottom  of  the 
combustion  chamber  slopes  downward  toward  the  front  at  an 
angle  of  45。  till  it  reaches  a  point  directly  under  the  front 
setting,  where  a  shelf  2ft.  wide  projects  straight  out  to  a  door 
|u  the  ash  tunnel  through  which  steel  cars  are  operated  and 
into  wliich  the  ash  and  slag  which  is  precipitated  on  this 
slielf  is  raked.  The  bottoms  of  these  ash  doors  are  located 
7ft,.  below  the  floor  of  the  boiler  room,  and  the  tops  of  the  cars 
just  come  to  within  3iu  of  this  level,  so  that  all  that  is  neces- 
sary is  to  move  the  car  in  front  of  the  ash  door.  The  sides  of 
this  sub-combustion  chamber  extend  vertically  downward 
from  the  floor  level  for  a  distance  of  3ft.  Gin.  and  then  con- 
verge toward  the  centre  at  an  angle  of  53""  with  the  vertical 
until  they  meet  the  above  mentioned  bottom  shelf  2ft.  apart, 
so  that  the  bottom  of  the  furnace  or  combustion  chamber 
forms  a  firebrick- lined  hopper  with  a  bottom  2ft.  square.  The 
remaining  fi^oiit  wall  of  the  furnace  is,  of  course,  extended 
straight  down  to  3ft.  Gin.  below  the  floor  level  and  cut  under 
in  a  sloping  arch  parallel  to  the  rear  side  so  that  it  will  form 
a  sloping  roof  to  the  top  of  the  ash  door. 

The  area  between  the  top  of  the  bridge  wall  and  the 
bottom  row  of  brick-protected  tubes  is  19  sq.  ft.,  and  with  a 
temperature  in  the  furnace  of  2，800°  tlie  velocity  of  the  gases 
over  the  bridge  wall  at  normal  rating  will  be  about  16ft.  per 
second.  With  such  a  low  velocity  it  can  be  readily  seen  that 
the  greater  part  of  the  process  of  combustion  should  be  com- 
pleted before  the  gases  pass  over  the.  wall,  and  also  tliat  a 
large  percentage  of  the  ash  or  slag  will  be  deposited  in  the 
hopper  bottom.  There  is  also  a  settling  chamber  back  of  the 
bridge  wall,  and  any  ash  that  settles  in  this  chamber  can  be 
raked  out  of  a  door  at  the  side. 

A  ppn"!"f . —— Since  this  discussion  was  submitted,  the  plant- 
lias  been  put  into  successful  operation,  and  developments 
have  made  it  advisable  to  alter  the  furnace  design  somewhat. 
With  Kansas  coal,  containing  approximately  22  per  cent,  ash, 
the  horizontal  baffles  allowed  too  much  ash  accumulation,  so 
a  Dutch  oven  approximating  a  6ft.  cube  was  built  in  front 
of  each  of  two  boilers  and  vertical  baffles  were  inserted  replac- 
ing the  former  horizontal  ones.  Wit h  these  changes  highly 
gratifying  results  are  being  obtained.  No  slag  is  formed  and 
t  he  ash  is  readily  blown  off  the  floor  of  the  rear  chamber  with 
au  air  liose  once  a  week.  No  part  of  the  refractory  lining  is 
subjected  to  an  excessive  temperature  even  at  cousidei'able 
overload.  The  Missouri,  Kansas,  and  Texas  R.  R.  officials 
are  very  enthusiastic  concerning  the  operation  and  economies 
being  obtained  both  with  the  aforementioned  22  per  cent, 
ash  coal  and  also  with  lignite,  and  the  Dutch  ovens  and 
vertical  baffles  are  being  installed  as  promptly  as  possible  for 
the  otlier  boilers.  The  operation  is  quite  flexible  and  by  the 
most  simple  adjustments  almost  any  furnace  conditions  can  be 
realised,  the  capacity  being  varied  at  will. 


THE  KEADBY  LIFTING  BRIDGE.* 

BY    JAMKS    BENJAMIN    BALL,  M.lNST.C.E. 

The  Great  Central  Railway  Company  have  recently  completed 
an  important  bridge  over  the  River  Trent  at  Keaclby,  about 
14  miles  north  of  GainsboroTigh,  of  wliich  the  cliief  feature  is 
a  lifting  span,  built  on  the  Scherzer  principle,  whicli^  claims 
the  distinction  of  being  the  heaviest  lifting  bridge  yet  con- 
st ruct ed  in  Europe.  The  new  bridge  replaces  the!  old  swing- 
bridge  at  Keadby  which  has  carried  the  railway  for  over  60 
years,  and  in  addition  carries  a  public  highway  in  satisfaction 
of  a  long-felt  want.  The  new  struct  ure  consists  of  a  combined 
railway  and  roadway  bridge  of  five  spans  of  the  following 
dimensions  ：  Two  fixed  river  spans  of  135ft.  each  ；  a  lifting 
span  of  160ft,.,  giving  a  clear  waterway  of  150ft.  ;  a  track 
span  of  40ft.  on  wliich  the  lifting  span  rolls  ：  and  an  approarli 
span  of  70ft.  on  the  east  bank  of  the  river.  The  bridge  has  a 
width  of  53ft.  Gin.  between  the  centres  of  the  outside  girders, 
of  which  29ft.  3in.  is  occupied  by  the  railway  and  24ft.  3iii. 
by  the  roadway,  each  span  consisting  of  three  main  girders, 
the  centre  one  dividing  the  roadway  from  tlie  railway. 

The  river  piers,  of  which  there  are  four,  are  faced  with 

•  Abstract  of  paper  read  before  the  Institution  of  Civil  Engineers,  November 
2l8t,  1916. 
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granite  and  fmimknl  on  rectangular  stool  caissons  filled  witli 
concrete  and  sunk  under  compressed  air  to  a  depth  of  50 (t. 
below  low  water.  The  largest  of  these  caissons  has  an  overall 
lent^th  of  9-1  ft.,  a  width  over  ('iit't'iug  edges  of  '20ft.,  and  a 
])ennaiieut  height'  of  IVlft.  Difficulty  was  enoountered  in  the 
early  stages  of  sinking  through  one  of  the  caissons  tilting 
forward  and  moving  bodily  towards  the  river,  which 
threatened  serious  results,  but  steps  were  taken  which  proved 
effective  in  arrestiuii;  any  fmt'lier  luoveineiit,  and  the  caisson 
was  finally  righted  during  sinkintj;  in  the  new  position  it  liad 
taken  up. 

The  two  fixed  river  spans  are  similar  in  design,  the  main 
gii'ders  being  of  the  ordinary  N  type,  17ft.  iu  depth,  divided 
into  10  panels,  and  coiiiiterbraced  in  the  two  centre  bays. 
The  cross  girders  are  suspended  from  the  vertical  posts  below 
the  bottom  booms  and  spaced  13ft.  Gin.  apart  ：  between  them 
ordinary  road  way  and  railway  stringers  carry  the  deck  plating. 
Tlie  top  booms  are  connected  by  portal  bracings  at  eacli 
vertical  post,  intersected  by  diagonal  wind-bracing,  and  pro- 
vision for  longitudinal  expansion  is  made  at  the  junction  of 
the  spans  by  means  of  cast-steel  bearings  mounted  on  groups 
of  rollers.  The  total  weight  of  steelwork  in  each  of  these 
spans  is  540  tons. 

The  three  iiiain  girders  of  the  track  span  form  a  path  on 
which  the  lifting  span  rolls,  and  together  have  to  sustain  the 
weight  of  the  lifting  span,  which  is  nearly  3,000  tons.  These 
girders,  which  are  of  very  heavy  construction,  have  an  effec- 
tive length  of  40ft.  and  a  depth  of  10ft.,  and  carrv  on  their 
upper  flanges  cast-steel  plates,  3iin.  thick,  on  which  the  teeth 
are  formed,  engaging  with  corresponding  slots  in  tlie  seg- 
mental girders  of  the  lifting  span. 

Considerable  attention  was  given  in  the  design  of  the  bridge 
to  the  question  of  the  contact  pressures  obtaining  between  the 
segmental  girders  and  the  track  plates  upon  whicli  they  roll, 
and  for  the  purpose  of  determining  the  probable  arc  of  con- 
tact, careful  experiments  were  made,  particulars  of.  which 
are  recorded  in  the  paper. 

The  lifting  span  consists  of  three  main  trusses  spaced  at 
tlie  same  distances  from  one  another  as  the  main  girders  in 
the  fixed  spans,  and  taper  from  a  depth  of  36ft.  at  the  rear 
end  to  18ft.  at  the  fore  end.  Cross  girders,  spaced  19ft.  8iin. 
apart,  with  longitudinal  stringers  between  them,  carry  the 
deck  plating  of  the  road  and  railway,  respectively,  whilst  the 
upper  booms  of  the  trusses  are  connected  together  by  sub- 
stantial overhead  portal  bracing  on  each  of  the  vertical  posts, 
which,  together  with  the  wind-bracing  above  and  the  floor 
members  below,  tie  the  trusses  together,  thus  securing  rigidity 
in  the  span  as  a  whole.  The  lifting  span  is  counter- 
weighted  at  the  rear  end  in  order  to  secure  balance  at  all 
angles  of  lift,  the  counterweight  consisting  of  a  rectangular 
steel  shell  extending  across  tlie  full  width  of  the  bridge,  and 
heavily  braced  internally  by  lattice  frames  and  strengthening 
girders.  Its  internal  capacity  is  24,780  cub.  ft"  and  it  con- 
tains 1,800  tons  of  concrete. 

Between  the  rear  ends  of  the  trusses  and  the  under  side  of 
the  counterweight,  compound  plate-web  segmental  girders, 
having  a  radius  of  28ft.,  are  provided.  These  girders  liave  a 
central  depth  of  10ft.,  and  on  their  bottom  flanges  are  bolted 
segmental  plates  of  forged  steel  3iin.  thick,  provided  with 
slots  to  engage  with  the  teeth  of  the  track  plates  on  which 
they  roll.  On  either  side  of  the  lifting  span  heavy  frames 
are  built  up  alongside  the  track  girders  and  anchored  clown 
to  the  supporting  piers  of  the  bridge.  Tliese  frames  at  their 
upper  extremity  carry  horizontal  girders,  to  which  are  bolted 
the  main  operating  racks.  Between  these  frames  sufficient 
clearance  allows  the  span  to  move  freely  as  the  bridge  is 
raised  or  lowered. 

The  position  of  the  racks  coincides  with  the  centre  of  the 
rolling  circle  of  which  the  segmental  girders  form  part,  and 
tlie  rotation  of  the  pinions  attached  to  the  gudgeon  pins  of 
the  moving  leaf  as  they  travel  horizontally  along  the  racks, 
rolls  tlie  leaf  backwards  or  forwards,  so  opening  or  closing  the 
bridge.  A  horizontal  platform  at  the  level  of  tlie  fixed  racks 
is  constructed  on  the  leaf  itself,  and  on  this  platform  the 
lifting  machinery  is  accommodated. 

Tlie  total  weight  of  steelwork  in  the  lifting  span  is  987  tons, 
exclusive  of  tho  machinery  and  gearing,  and  the  total  weight 


<>("  tlie  moving  span,  togetlior  with  its  coiinferweiglit,  is 
approximately  2,920  tons.  The  lii'tiii/^^  span  is  worked  elertri- 
cally  by  means  of  two  1 15  li.p.  direct-curreiii  motors,  carried 
oil  the  leal'  itself,  the  power  being  t raiisinitted  ihrou^li  trains 
of  gearing  to  the  main  pinions  on  each  Hide.  The  an^le  of 
niaxinuini  elevatiqn  of  the  bridge  wlieti  Fully  open  is  8 1 ^5 1 , 
and  tlie  time  taken  to  open  or  close  it  by  elect rical  ])ower  is 
less  than  2  minutes. 

Owing  to  the  absence  of  power  in  tlie  neighbourhood,  a 
special  plant  for  the  generation  of  current  had  to  be  put  down, 
consisting  of  two  direct-coupled  petrol  engines  driving  two 
50  kw.  continuous-current  machines,  the  current  being  deli- 
vered at  the  switchboards  at  220  volts.  A  large  storage 
battery  is  provided,  capable  of  supplying  the  motors  wiili 
current  for  about  30  operations  of  the  bridge  before  recharg- 
ing is  necessary. 

Two  sets  of  electric  brakes  are  provided,  and  at  the  fore 
end  of  the  span  two  heavy  forged  steel  bolts,  worked  electri- 
cally from  the  control  cabin,  eiigasje  with  castings  anchored 
down  to  tlie  pier,  so  locking  the  bridge  when  in  the  "  down  ，， 
position.  To  prevent  the  too  rapid  descent  of  the  leaf  as  it 
comes  down  on  to  the  bearings,  a  pneumatic  buffer  is  provided 
at  the  front  of  the  span,  whilst  at  the  rear  end  bumping  blocks 
are  provided  on  to  which  the  counterweight  conies  down  when 
the  leaf  attains  its  maximum  elevation.  Adjacent  to  these 
blocks,  liyclro-pneuniatic  buffers  are  fixed,  the  rams  of  wliicli, 
coming  into  contact  with  the  counterweight,  bring  tlie  bridge 
gradually  to  rest  as  it  reaches  its  final  position.  In  order  to 
meet  the  requirements  of  the  Navigation  Authorities,  the 
lifting  span  was  erected  in  a  vertical  position,  10  months 
being  occupied  in  this  work. 

*  Electrically-operated  gates  are  provided  for  the  protection 
of  roadway  traffic,  whicli  are  interlocked  with  the  railway 
signals,  which  latter,  it  may  be  observed,  are  what  are  known 
as  tliree-positiou  signals,  and  are  the  first  to  be  installed  as  a 
complete  scheme  in  this  country.  Work  was  coirnnencecl  in 
August,  1912,  and  following  the  Board  of  Trade  tests,  which 
were  carried  out  iu  March  and  April,  1916,  the  bridge  was 
opened  to  traffic  on  May  21st. 


HOW  OLD  METAL  IS  RECLAIMED  IN  A  LARGE  PLANT.* 

'  BY  J.  M.  BATEMAN.  ' 

In  large  manufacturing  plants,  where  vast  quantities  of  raw 
materials  are  consumed,  the  task  of  economically  disposing  of 
waste  incident  to  the  manufacturing  operations  becomes  a 
serious  problem.  At  the  Hawthorne  works  of  the  Western 
Electric  Company,  Chicago,  where  materials  approximating 
£300,000  iu  value  are  used  each  month,  old  metal  is  beinsj 
reclaimed  by  means  of  a  system  that  is  said  to  have  proved 
very  satisfactory.  The  following  figures,  which  represent 
approximate  monthly  averages  of  the  large  items  of  junk 
disposed  of  to  outside  concerns,  will  possibly  give  a  clearer 
idea  of  the  amount  of  material  involved  :  Brass,  100  tons  ； 
copper,  ISO'  tons,  including  125  tons  from  the  cable,  rubber, 
and  insulating  shops  ;  German  silver,  17^  tons  ;  iron  and  steel, 
89  tons  ；  solder  skimmings,  4  tons,  and  】ead，  833  tons. 

A  vast  number  of  the  parts  used  in  the  manufacture  of 
telephone  apparatus  are  punched  from  sheet  metal,  brass,  iron, 
or  German  silver.  This  operation,  of  course,  leaves  as  waste 
a  certain  portion  of  the  original  sheet  or  strip.  All  brass, 
copper,  German  silver,  &c.，  is  kept  separate  by  material  in 
the  operating  departments,  and  sent  to  the  by-products  depart- 
ment, where  it  is  baled  in  a  Minich  baling  press.  This  electri- 
cally operated  press  compresses  the  waste  material  into  a  bale 
approximately  2ft.  wide,  24ft.  thick,  and  3ft.  long,  which, 
when  completed,  weighs  approximately  l，1001bs.'  depending 
to  a  large  extent  upon  the  shape  and  size  of  the  material 
used.  A  Lopeinann  hydraulic  bundling  press,  which  has 
recently  been  installed,  is  especially  adapted  to  work  of  this 
kiiid,  for  not  only  is  it  easy  to  operate,  but  junk  baled  in  n 
press  of  this  type  commands  a  comparative'lv  high  price,  and 
the  bales  are  compact  and  readily  handled,  weieliine  onlv 
about  one-tenth  as  much  as  those  formed  in  the  Minich 
machine.  The  l)aHng  machine  handles  the  larger  pieces  of 
scrap  material,  while  the  chips,  turnings,  and  sweepings  from 
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the  machine  departments  are  taken  care  of  in  a  different 
manner. 

The  apparatus  used  for  separating  the  dust  and  dirt  from 
the  small  chips  and  metal  ehavings  is  very  simple  in  construc- 
tion, consisting'  simply  of  a  sifter  which  is  oscillated  by  a 
small  motor.  Thus,  the  dust  and  dirt  are  separated  from  the 
usable  chips  and  shavings.  The  magnetic  separator  used  in 
separating  the  iron  from  the  brass  in  the  sweepings  comprises 
a  revolving  drum  having  an  annealed  iron  face,  driven  by  a 
small  motor.  Within  the  drum  is  a  series  of  powerful  electro- 
magnets, which  extend  in  the  form  of  an  arc  approximately 
from  the  bottom  of  a  hopper  to  a  point  directly  below  the 
shaft  on  which  the  dnim  revolves.  The  chips  and  shavings 
shovelled  into  tte  hopper  travel  down  the  chute,  which  is  at 
all  points  parallel  to  the  periphery  of  the  revolving  dnim. 
The  brass  shavings  travel  down  this  chute  into  a  box,  while 
the  iron  chips  which  may  have  been  mixed  with  them  are 
attracted  by  the  magnets  to  the  soft  iron  face  of  the  dnim, 
where  they  are  held  until  they  reach  a  point  where  they  are 
released  by  the  magnets.  Both  kinds  of  chips  are  then  put 
up  in  sacks  for  convenient  handling. 

The  scrap  cable  is  first  placed  in  pas-heated,  brick-encased 
ovens,  where  it  is  heated  until  the  lead  sheath  has  been  melted 
and  the  paper  insulation  has  been  burned  from  the  wire. 
The  molten  】ead  is  run  off  into  a  refining  furnace,  where  it 
is  automatically  separated  from  the  paper  ash  and  other  im- 
purities which  it  contained  when  taken  from  the  meltins^ 
furnace.  Before  the  present  apparatus  was  installed  the 
molten  lead  was  made  into  piers  direct  from  the  melting 
furnace,  which  necessitated  an  additional  handling,  as  it  had 
to  be  refined  before  beinsf  fit  for  sale.  After  the  refining 
operation  is  completed,  the  molten  】ead  is  drawn  off  into 
moulds.  These  moulds  are  motrnted  on  a  turntable,  so  that 
one  man  can  manipulate  the  levers.  One  lever  opens  the  grate 
and  allows  the  metal  to  flow  into  the  mould,  while  the  otlier 
lever  turns  tlie  table  upon  which  the  moulds  are  moimtecl.  As 
the  filled  moulds  pass  around  toward  the  left  they  travel 
under  runninff  water,  which  cools  the  lead,  so  that  the  moulds, 
which  are  T)i voted,  can  be  tiTiDed  and  the  jyi^s  of  lead 
extracted.  While  a  portion  of  this  lead  mixture  can  be  used 
in  the  press  room,  much  of  it  contains  too  great  a  percentage 
of  impurities  to  meet  the  severe  requirements  demanded  in 
the  TTiantifacture  of  cable,  and  therefore  it  is  sold  to  refininsf 
companies  to  be  further  nurified.  The  copper  wire  remaining 
in  the  furnace  after  the  lead  has  been  run  off  is  placed  in  the 
LofreTTiarn  press  and  compressed  into  brick  form  before  being 
sold. 


NEW  PATENTS. 

Spticificnttons  of  the  foUowinq  are  notv  puhlished,  and  wf  ！ all 
hp  pleaspff  to  forward  copies  poxt  frfe  on  receipt  of  8d.  Address 
" "Mechanical  Engineer,**  5S,  New  Bailey  Street,  Manchester. 

MECHANICAL,  1915. 

Manufacture,  centrifn ffally,  of  pipes,  columns,  and  other  hollow 

articles.    Moir  &  Bnchanan.  12928. 
Pipe  joints.    Marks.  15574. 
Gas  producers.    Nelson .  16088. 

Furnaces  fed  with  pnlverulent  fuel.     Von    Poratj    and  Motala 

Verkstads  Nya  Aktiebolajr.  16298. 
TTniversal  joint  or  gear  adapted  to  transmit  rotary  motion  in  the 

same  axial  line  or  at  an  angle.  Hoskins.  16561. 
Roller  bearings.  Michaud,  Miiller,  &  Hdbel.  17095. 
Apparatus  for  heating  oil  fn el.    Abell.  17467. 

Carriers  for  connection  with  aerial  ropeways,    Bullivants'  Aerial 

Ropeways,  Ltd.,  and  Gray.  17596. 
Manufacture  of  heat-insulating  material.    Cuthbertson.  17949. 
Producers  for  water  gas.    Sef ton- Jones.  18218. 

1916. 

Regenerative  furnaces.    Drakes^  Ltd.,  and  Drake,  W.  A.  7. 
Cobalt  chromium  alloys.    Haynes^  E.  192. 

Liquid-fuel  supply  arrangements  of  internal-combustion  engines. 

Higginson,  J.，  and  Arundel,  H.  200. 
Holder  for  wire  ropes  or  cables.    Best,  J.  467. 
Parting  or  cutting-off  machines.    Clifton   &   Baird^    Ltd.,  and 

Clifton,  C.  H.  562. 
Discharge  valves.   Barclay,  Curie,  &  Co.,  and  Bell,  J.  1217. 
Crank  chambers  of  internal-combustion  engines.    Craig,  A.  2311. 
Furnaces  for  calcining  copper  ores.    Squire,  J,  G，  2424, 
piston-rod  packing.    Paxton^  J.  L.  2502. 


Compression  release  mechanism  for  two-stroke-cycle  air-cookd 
internal-combustion  engines.  Villiers  Engineering  Company, 
and  Funck,  G.  2707. 

Internal-combustion  engines.    Riper,  L.  C.  van.  2982. 

Two-stroke  internal-combustion  engines.  Knight,  J.  F"  and 
Doudney,  R.  P.  3439. 

Rotors  and  casings  for  rotary  engines.    Speese,  J.  3609. 

Devices  for  closing  the  slits  of  packing  rings.    Rasch,  L.  4526. 

Gear  for  giving  motion  to  indicators  and  counters  for  recipro- 
cating machinery.  Mustart,  J.  W.  S.,  and  Mackenzie,  M. 
5719. 

Lock  nuts.    Van  der  Valk，s  Certitude  Patentmoer,  and  Pantha- 

leon,  Baron  van  Eck.  F.  M.  van.  6779. 
Stuffing-boxes.    Guttner,  M.  7048. 

Elastic-fluid  engines.  Machin,  W.  A.,  Mills,  E..  and  Downes,  A. 
9854. 

Steam  boilers.    Shenton,  R.  10164. 

Engines  arranged  in  groups.    Bugatti,  E.  10831. 

ELECTRICAL.  1915. 

Electromagnetic  power-transmission  gearing.    Zoelly.  14111. 
Circuit  connections  of   electron    discharge    apparatus.  British 

Thomson-Houston  Company.  15448. 
Telegraph  apparatus.   Mellersh- Jackson.    15579.  、 
Electrically-controlled   clutches.     Langdon-Davies,    Soames,  and 

Naamlooze  Vennootschap.  15762. 
Automatic  protective  gear  for    electrical   systems.  Rosebourne 

(formerly  Rosenbaum)  &  Couse.  16053. 
Lightning  arresters.    Marks.  16056. 
Electric  supply  meters.    Merriman  &  Speirs.  16058. 
Dynamos  of  the  commutator  type.    Walker.  16854. 
Connection  between  electric   incandescent    lamps    and  holders. 

Fildes.  17060. 

Electrically-driven  vehicles.  British  Thomson-Houston  Company. 
17128. 

Electric  regulating  systems.    Campbell.  17166. 
Reversible  electric  step-by-step  ratchet  mechanism.    Parsons  and 
Ball.  17570. 

1916. 

ElectFic  lighting  system  or  circuits.    Wrigley^  H.  358. 
Electric  discharge  vacuum  tubes.    Dushman,  S.  2328. 
Miners'  electric  hand  lamps.    Railing,  A.  H.,  and  Angold,  A.  E. 
2552. 

Electric  furnace.     Wrighton,  W.  J.  2584. 

Combined  electric  lamp  holders  and  switches.  Donovan,  W.  4752. 
Electric  heating  apparatus.    Erichsen,  E.  7275. 


METAL  QUOTATIONS. 

TUESDAY,  NOVEMBER  28th. 

Aluminium  ingot   •   一  per  cwt. 

,,        wire,  according  to  sizes,  &c  from  ―  " 

,,        sheets       ,,    一  ,， 

Antimony    £95/—/—  per  ton. 

Brass,  rolled   l/4i}  per  lb, 

，， tubes  (brazed)    1/7!  ,, 

，，       ，, (solid  drawn)    1/5?  ，， 

，，       " wire    1/4}  ,, 

Copper,  Standard    £145/-/-  per  ton. 

Iron,  Cleveland    87/6  ，, 

，, Scotch    ―  " 

Lead,  English  •   £32/5/-  ,, 

，， Foreign  (soft)   £30/-/-  " 

Mica  (in  original  cases),  small   6d.  to  3/—  per  lb. 

"  "       ，，        medium    3/6  to  6/-  ，， 

"  ，，       ，，        large    7/6  to  14/- ,, 

Quicksilver   £17/12/6  per  bottle. 

Silver   per  oz. 

Spelter  (American)   £57/-/-  per  ton. 

Tin,  block    £190/-/-  per  ton. 

Tin  plates,  I.C   27/-  per  box. 

Zinc  sheets    £90  per  ton. 


Chemistry  and  Engineering. ― At  a  recent  meeting  of  the 
Society  of  Chemical  Industry,  Dr.  Charles  Carpenter,  the 
president,  said  that  the  future  of  the  chemical  industry 
could  be  secured  by  the  cooperation  of  the  two  professions. 
In  the  past  there  had  been  prejudice  between  the  two  pro- 
fessions, inasmuch  as  engineers  had  always  kept  their  opera- 
tions strictly  secret  from  the  chemists.  The  need  for  men 
with  knowledge  of  both  en^neering  and  chemistry  was 
becoming-  a  national  one.  The  engineer  and  the  chemist 
should  take  each  other  into  confidence.  The  engineer  should 
be  taught  enough  of  chemistry  to  appreciate  the  chemist's 
point  of  view,  and  the  chemist  enough  of  en^neering  to 
appreciate  the  engineer's  point  of  view. 
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J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 

Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  In  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop  ::  ::         ::  :: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ：  Af ember  of  the  Institute  of  Mechanical  Engineers, 
Associate  Member  of  the  Institution  of  Civil  Engineers. 

Price  13/-  post  free. 
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British  Contributions  to  Gas  Engine  Development. 

A  FEW  years  ago  British  engineers  were  taken  rather  severely 
to  task  by  a  section  of  college  professors  and  other  interested 
persons  for  their  apathy  and  apparent  lack  of  enterprise 
in  the  development  o'f  large  gas  engines,  and  their  attitude 
was  made  the  subject  of  comparisons  between  German  and 
British  engineers,  disparaging  to  the  latter.  Dr.  Dugald 
Clerk's  paper  on  the  development  of  the  internal-combustion 
engine,  read  before  the  Royal  Society  of  Arts,  comes  as  a 
timely  corrective  to  these  distorted  views,  and  places  in  clearer 
perspective  tlie  work  of  British  inventors  and  engineers  in  the 
origin  and  development  of  this  type  of  prime  mover.  We  are 
too  prone  to  self-criticism,  and  though  this  may  sometimes  be  a 
virtue  in  times  of  peace,  it  is,  as  Dr.  Clerk  observes,  as 
harmful  in  such  periods  as  the  present  to  underrate  our  own 
strength  as  it  is  to  underrate  the  power  of  our  enemies. 
There  is  no  doubt  much  injustice  has  been  done  to  British 
pioneers  by  the  indefatigable  propaganda  of  German 
science,  and  the  bias  it  has  produced  in  the  minds  of  some 
of  our  prominent  men,  and  his  review  should  serve  to  dispel 
this  delusion.  As  we  purpose  reproducing  the  paper  in 
full,  we  need  not  enter  fully  into  details  here,  though  some 
of  the  salient  facts  are  worth  repeating,  and  we  would  com- 
mend its  perusal  to  all  readers  who  take  an  interest  in  the 
subject,  on  which  Dr.  Clerk  is  one  of  the  highest  authorities. 
His  interest  in  gas  engines  commenced  with  experiments  with 
the  Otto  and  Langen  motor  in  1876,  when  the  largest  gas 
engine  did  not  develop  more  than  3  b.li.p.,  and  40  years' 
subsequent  association  with  its  development,  it  will  be 
admitted,  enables  him  to  speak  with  authority.  This  period 
has  witnessed  the  growth  of  these  primitive  practical  motors, 
the  total  power  of  which  at  the  date  mentioned  in  the  United 
Kingdom  did  not  exceed  2,000  b.h.p.,  until  in  1907  the  census 
of  production  showed  that  our  factories  alone  had  a  total  of 
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680,177  h. p.  in  operation,  while  agriculture  employed 
98,785  h.p.  of  gas,  petrol,  and  oil  engines,  in  addition  to  which 
there  were  in  use  in  motor-cars  not  less  than  750,00011.})., 
generated  by  petrol  engines,  leaking  altogether  a  total  of  ovor 
1  A  million  horse-power.  Similar  figures  for  Gerinaiiv  showed 
for  the  same  year  a  total  of  531,000  h.p.,  or  little  more  than 
one-third  of  the  similar  power  in  this  country.  The  fact  that 
Dr.  Otto  in  1876  produced  the  first  commercially  sue- 
cespful  gas  engine,  and  that  his  name  is  associated 
with  the  4-stroke  cycle,  has  obscured  the  credit  due  to 
earlier  British  inventors ;  compression  before  ignition,  for 
instance,  on  which  gas  engine  efficiency  so  largely 
depends,  was  proposed  38  years  earlier  by  tlie  Eng- 
lislmian  Bariiett  in  his  patent  No.  7615  of  1838， 
and  in  1862  M.  Alph.  Beau  de  Roclias,  a  French- 
man, in  a  pamphlet  discussing  the  conditions  of  econoniv  in 
gas  engines,  outlined  the  4-stroke  cycle,  now  often  described 
as  the  Otto.  Prior  to  Bariiett,  and  long  before  any  German 
inventor  appeared,  several  Englishmen  had  worked  on  the 
gas  engine  idea,  and  patents  relating  to  it  were  tak^n  out 
as  early  as  】791，  though  it  was  not  until  1876  that  commer- 
cial development  may  be  said  to  have  begun,  and  this,  it 
should  be  leniembered,  was  largely  due,  in  its  earliest  stages, 
to  Messrs.  Crcssley  Bros,  Dr.  Clerk  himself  came  on  the 
scene  the  same  year  as  Dr.  Otto,  and  patented  his  engine  in 
1881.  As  the  various  types  of  engine  are  described  in  Dr. 
Clerk's  paper,  we  need  not  discuss  them  here.  Suffice  it  that 
tlic  cycle  was  essentially  the  same  in  all,  and  that  subsequent 
develcpnients  have  been  devoted  mainly  to  diminishing  the 
mmiber  of  strokes  per  revolution,  to  increasing  the  power  per 
cylinder,  and  other  details  to  secure  greater  smoothness  and 
efficiency,  while  on  parallel  lines  engines  have  been  developed 
using  liquid  instead  of  gaseous  fuel.  Alongside  these  develop- 
ments a  great  deal  of  original  work  has  been  done  by  British 
workers  regarding  the  thermodynamic  problems  of  combustion. 
As  regards  large  gas  engines,  higher  fuel  cost  in  Germany 
lias  undoubtedly  played  a  large  pait  in.  concentrating  atten- 
tion on  it  there,  owing  to  the  superior  thermodynamic  effi- 
ciency of  the  gas  engine  as  compared  witli  the  steam  engine, 
、vliicli  still  rules  pre-eminent  here.  English  engineers 
have  all  along  looked  rather  askance  at  the  big  gas  engines, 
although  some  firms  have  taken  up  their  manufacture  under 
German  license,  and  experience  and  investigation  alike  tend  to 
justify  this  view.  Large  gas  engines  are  abnormally 
lieavy,  the  weight  increasing  iiuicli  more  rapidly  than  the 
power,  while  the  high  temperature  makes  the  problem  of  lieat 
transmission  to  the  cylinder  wall  so  difficult  as  to  place  a 
practical  barrier  to  size,  iiotwitlistanding  the  ingenuity  in 
design  that  iias  been  spent  in  trying  to  overcome  it.  Experi- 
ence, in  fact,  goes  to  show  that  increased  power  beyond  a 
certain  limit  of,  size  must  be  sought  rather  in  a  multiple  of 
cylinders  tliaii  a  single  one.  Tliat  there  is  still,  however, 
ample  room  for  develoi 川 leiit  of  the  internal-combustion  engine, 
and  that  the  steam  engine  is  still  not  the  decrepit  rival  some 
would  imagine,  is  clear  fro  in  the  fact  that  at  the  present  time 
the  total  power  developed  in  the  country  is  nearly  11  million 
horse-power,  and  that  of  this  only  about  6'4  per  cent,  is 
produced  by  internal-combustion  engines.  In  the  United 
'States  the  proportion  is  even  smaller,  oulv  about  4"2  per 
cent,  out  of  a  total  of  23]  million  liorse-])o\ver  beiiif^  produced 
hi  this  way. 


Encouragement  of  Scientific  Research. 

As  our  readers  will  be  aware  the  Government  has  decided  to 
take  more  active  steps  in  the  promotion  of  scientific  and  indus- 


trial research.  It  may  be  regarded  as  one  of  the  by-products 
of  the  war  and  the  abandonment  of  tliat  fnUsfz  faire  policy 
which  a  few  years  ago  was  the  traditional  Goveriinieiit  atti- 
tude, and  in  striking  contrast  to  that  pursued  in  Germany  and 
the  United  States.  It  is  announced  tliat  subject  to  the  consent 
of  Parliament  a  large  sum  of  money  is  to  be  placed  at  the 
disposal  of  the  new  organisation  for  tlie  conduct  of  research 
on  a  co-operative  basis,  instituted  for  national  industries,  and 
to  promote  this  estimable  object  the  Board  of  Inland 
Revenue  has,  it  is  officially  stated,  condescended,  with  the 
approval  of  the  Chancellor  of  the  Exchequer,  to  offer  no  objec- 
tion to  the  allowance  as  a  working  expense  for  income-tax 
purposes  of  contributions  made  by  traders  to  industrial  asso- 
ciations formed  for  the  purpose  of  scientific  research.  Having 
regard  to  the  national  character  of  such  work  it  is  to  be 
trusted  traders  will  be  duly  thankful  for  this  small  mercy. 
They  must  carefully  note,  however,  that  "  such  contributions 
must  be  out  and  out  payments  made  from  trade  profits,  and 
giving  them  no  proprietary  interest  in  the  property  of  the 
association,"  and  in  order  to  enable  the  department  to 
hold  the  new  fund  a  Royal  Charter  has  been 
granted  to  the  Committee  of  the  Privy  Council  to  create 
a  trust  empowered  to  accept,  hold,  and  dispose  of  money 
for  the  object  in  question,  including  sums  voted  by  Parlia- 
ment. It  is  added  that  a  substantial  gift  has  already  been 
made  to  the  trust  by  two  members  of  tlie  Institution  of 
Mechanical  Engineers  for  the  conduct  of  a  research  in 
niecliaiiical  engineering  to  be  approved  by  the  department, 
and  the  hope  is  expressed  that  '-  this  example  will  be  followed 
by  other  members  of  the  Institution."  While  engineers  gene- 
rally will  be  ready  to  pay  a  tribute  to  this  act  of  anonymous 
generosity  they  will,  we  are  sure,  feel  with  us  that  its  official 
acknowledgment  bears  rather  too  much  the  appearance  of  an 
intimation  that  "  further  contributions  will  be  thankfully 
received,"  and  tliat  financial  support  for  an  obviously  national 
work  runs  a  risk  of  resting  too  much  on  private  donations. 
Perhaps  we  are  doing  the  powers  that  be  an  injustice  in  sug- 
gesting this.  We  hope  it  may  prove  to  be  so,  but  it  is  well  to 
protest  against  any  suspicion  of  this  kind. 


AUTOMATIC  LUBRICATING  APPARATUS. 

The  accompanying  sectional  views  show  a  design  of  mechani- 
cal lubricator  of  the  kind  in  which  a  pump  or  pumps, 
operated  from  a  moving  part  of  the  engine  or  machine, 
forces  oil  from  a  reservoir  through  pipes  to  the  parts  of  the 
engine  or  machine  to  be  lubricated,  the  invention  of  Mr. 
John  Thomas,  60，  Culniington  Road,  Ealing.  The  apparatus 
employs  double-acting  pumps  and  a  positively  actuated  valve 
arranged  to  co-operate  with  a  pair  of  pump  plungers  so  as 
to  alternately  permit  oil  to  be  forced  or  delivered  to  the  oil 
outlet  pipe  of  the  apparatus  by  the  pumping  stroke  of  one 
and  the  other  of  the  pair  of  plungers.  By  the  employment  of 
a  positively  actuated  valve  the  apparatus,  it  is  claimed,  is 
rendered  less  liable  to  failure  and  thus  more  efficient  in 
working  than  apparatus  in  which  automatic  ball  valves  or 
spring  controlled  valves  have  been  employed  for  controlling 
the  admission  of  oil  to  the  pump  barrels  or  plungers. 

Referring  to  the  illustrations,  Fig.  1  is  a  sectional  eleva- 
tion taken  on  the  line  1，  Fig.  2，  longitudinally  through  one 
pair  of  double-acting  pumps  forming  a  unit.  Fig.  2  is  on  the 
left-hand  side  a  section  taken  through  the  line  2,  Fig.  1，  and 
on  the  right-hand  side  a  section  taken  through  the  line 
3，  Fig.  1.  As  each  pump  unit  is  identical,  the  working-  of  each 
double-acting  pump  of  the  unit  is  identical,  so  that  the  de- 
scription of  the  action  of  one  pump  will  be  sufficient.  Referring 
to  Fig.  1  ，  when  the  lower  plunger  A，  moving  to  the  left,  reaches 
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the  end  of  its  piunpiiit^  stroke,  tho  other  lower  pliuif^er  B  has 
reaclunl  t ho  end  of  its  suction  stroke,  in  which  position  of  the 
plunder  B  the  port  (J  is  open  to  the  oil-box  I)  so  that  oil  will 
How  Ihroui^h  the  port  C  ami  passage  K  in  plunger  H  into  t-lic 
(•IkuiiIhm*  or  piiinp  barrel  1<，  in  t  lio  regulating  screw  G  ；  tlio 
ilim'lioii  o(  t  ravel  of  I  he  plunt^^ers  A  and  B  is  now 
reversed,  bv  ( he  continued  motion  of  the  cam 丄 1  due  to  the 
action  of  the  pawl  J  on  the  ratchet  wheel  K，  and  plungers 
A  and 】入 moving^  to  the  right,  become  res})ectivly  a  suction 
plunger  and  a  pumping  plunger.  As  the  plunger  B  moves 
inwardly  in  the  barrel  F  the  port  C  enters  the  inner  end  of 
the  screw  plug  G  and  is  thus  cut  off  from  communication 
with  the  oil -box  1)，  and  the  oil  already  admitted  to  the 
barrel  ¥  is  forced  through  the  passage  E  of  pluuger  B， 
and  acting  on  the  right-hand  end  of  the  cylindrical  valve  L 
forces  this  valve  over  towards  the  plunger  A，  thus  closing 
the  port  M  in  the  cylindrical  part  N  which  connects  the 


Fig.  2. 

AuTOMATio  Lubricating  Appauatus. 


plungers  A  and  B  and  opening  the  port  O  in  the  part  N 
whereupon  ilie  oil  will,  as  the  plunger  B  continues  its  pump- 
ing stroke,  be  forced  up  through  the  passage  P  into'  the  pump 
barrel  or  chamber  Q  of  the  upper  plunger  R. 

During  the  pumping  stroke  of  the  plunger  B  the  outer 
01'  right-hand  end  of  the  plunger  R,，  moving  outwardly 
(lowards  the  ri^iit)  in  th&  chamber  in  tlie'  screw  plug  S,  is 
"diiig  as  a  puniping  plunger  and  forces  oil  out  through  the 
delivery  pipe  T，  past  the  usual  check  valve  to  the  usual  pipe 
leading  to  the  part  to  be  lubricated,  this  action  taking  place 
owing  to  the  fact  that,  in  the  working  of  the'  apparatus,  the 
chamber  Q„  the  passage  U  in  plunger  R，  the  chamber  in  the 
screw  plug  S，  and  the'  pipe  T  are  completely  filled  with  oil, 
these  chambers  and  passages  being  kept  filled  with  oil  by 
the  pumping  strokes  of  plunger  B.  ' 

As  the  cross-sectioual  pumping  area  of  tlie  lower  plunger 


B  and  thai  of  the  enlarged  diainetor  part  V  oi'  the  upper 
plunger  It  are  identical,  and  au  Iho  travel  ot"  both  tlie^so 
plungers  is  Ihe  same,  it  follows  that  tho  quantity  of  oil  Hcrit 
lorward  by  llie  plunger  B  will  11 11  the  dianil)tn'  or  barrel  Q  as 
1  ho  larger  diameter  portion  V  of  tlio  plunger  11  moves  oul, 
wardly  in  chamber  Q，  and  turllier  as  the  cross-sectioiifjl 
piuiipiiig  area  (right-hand  end)  of  tlio  plunder  li  is  only  half 
t  hat  of  llu!  larger  diameter  portion  (letVhand  end)  V  of  iho 
plunger  it  follows  that  tho  quaiitity  of  oil  sent  forward  by 
llio  plunger  11  equals  half  tiie  quantity  delivered  into  the 
chamber  Q  by  the  pumping  stroke  of  the  plunger  Ji. 
At  the  end  of  the  pumping  stroke  of  the  lower  plunger  H  the 
motion  is  reversed  so  that  this  plunger  then  moves  towards 
the  left  and  again  becomes  a  suction  plunger  while  at  the 
same  time  the  portion  V  of  the  upper  plunger  11,  also  moving 
towards  the  left,  acts  as  a  pumping  plunger,  this  portion  V， 
moving  inwardly  in  the  chamber  or  barrel  Q,  and  the  valve 
L  having  been  forced  (by  the  oil  forced 
through  the  passage  E  ol'  the  plunger  A  in  its 
pimping  stroke  which  takes  place  simul- 
taueously  with  the  suction  stroke  of  the 
pluuger  B)  into  the  position  shown,  iialf  of 
the  oil  previously  delivered  into  the  chamber 
Q  by  tlie  pumping  stroke  of  the  plunger  B 
will  be  forced  through  the  passage  U  iu 
pluuger  R  aud  out  through  the  pipe  T  to  the 
part  to  be  lubricated. 

From  the  above  description  it  will  be  seen 
tiiat  tlie  pluuger  R  with  enlarged  diameter 
portion  V  is  a  double-acting  pump.  feimi- 
丄 arly  the  plunger  Y  with  enlarged  diameter 
part  X  IS  a  double-acting  pump.  The 
pluugers  B  aud  A  are  singie-actiug  pumps 
wiiicn  respectively  deliver  oii  to  the  ciiauibers 
or  barrels  Q  and  W  in  which,  tlie  larger  area 
ends,  V  and  X,  of  the  pluugers  R,  Y  respec- 
tively work.  The  action  above  described  of 
tlie  pluugers  B  aud  R  by  tiieir  pumping 
strokes  forcing  oil  out  through  the  pipe 丄' to 
the  part  to  be  lubricated  continues  so 丄 oug  as 
tlie  pluugers  are  reciprocated  by  the  motiou 
of  tJie  cam  H.  The  description  given  relates 
more  particularly  to  the  right-hand  pump 
(Fig.  1)  comprising  the  plungers  B  and  K, 
but  eacli  pump  bemg  identical  iu  action  tlie 
descriptiou  will  also  apply  to  tlie  action  of 
the  ieit-liaud  pump  comprisiug  the  piungers 
A  aud  Y.  In  i'ig.  1  the  pumps  are  shown 
set  at  their  lull  capacity  of  oil  supply.  Wiieu 
less  oil  is  required  to  be  sent  lorward  to  the 
parts  to  be  lubricated  the  regulating  screws 
Ki  are  screwed  outwards,  thus  giviug  a  later 
cut-off  of  the  ports  C  in  the  pluugers  A,  B, 
aud  tlie  stroke  of  the  pluugers  being  coustant 
it  follows  that  any  alteration  to  tiie  time  of 
cut-oli"  of  the  ports  C  will  affect  the  quantity 
of  oil  delivered  by  the  apparatus.  Tiie  valve 
L,  it  will  be  seen,  is  positively  actuated  by 
the  oil  forced  iuto  tlie  valve  chamber  ，L  by 
the  pumpilig  strokes  of  the  pluugers  A,  15, 
tlie  valve  being  thus  free  irom  liability  to 
slicking  "  or  lailure  to  act  properly.  l，ui'thei'，  the  vaive  is 
oi"  a  simple  character,  consisting  of  a  cylindrical  piece  of  suit- 
able metal. 


The  Engineers'  Club,  Manchester.  ― The  following  debates 
have  been  arranged  and  will  be  held  at  the  club  :  January 
9tli,  "  Tlic  ]\】agneto  iu  Peace  and  W«ar，'，  opened  by  Lieut.- 
Coiniuaiider  W.  A.  Eristow,  K.N.V.K.  ；  January  23rd,  "  The 
Empire's  Metals  and  the  German  Octopus,  '  opened  by  T.  y. 
Banghaui  ；  February  Gtli,  "Euemy  Iiitluences  iu  Great  Britain 
and  their  Ell'ect，"  opened  by  Stafford  Jiansome,  Secretary  the 
British  Engineers'  Association  ；  February  20th,  "The  Eugi- 
ueers'  Club  ：  Wliat  it  is,  and  What  it  might  be,  opened  by 
Eclriiiiud  L.IIill;  March  61h,  "  Engineeiiag  and  Imperial  Pro- 
ducliou/'  opened  by  T.  C.  Elder ;  March  20th，  "  German 
Banking/'  opened  hy  J.  Driuiiinond  Paluii. 
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THE  INTERNAL-COMBUSTION  ENGINE.  " 

iiY  DUGALD  CLERK,  D.SC.,  F.R.S.,  M.INST.C.K. 

Motive  power  is  of  fundamental  importance  to  industrial 
civilisation  :  without  steam,  internal-<!Oinbiistion,  and  hydraulic 
power  it  would  be  impossible  to  support  at  all  the  46,000,000 
of  people  now  living  in  fair  comfort  on  our  sinall  islands  of 
Great  Britain  ami  Ireland.  The  labour  of  tire  scientific  man, 
the  eui^ineer,  and  the  business  man,  in  the  long  run,  renders 
possible  the  very  existence  of  this  large  and  dense  population. 
The  important  part  taken  by  us  in  the  origin  and  development 
of  steam  motive  power  is  well  known,  and  it  is  generally  recog- 
nised that  Britain  stands  supreme  in  all  that  relates  to  steam 
engines  from  the  time  of  the  condensing  engine  of  James  Watt 
to  the  steam  turbine  of  the  Hon.  Sir  Charles  Parsons.  All 
the  intermediate  stages ― expansion,  liigli  pressures,  oompouiid- 
iiig,  tripling,  and  superheating ― originated  in  these  islands. 
The  application  to  pumping,  mill  driving,  marine  navigation, 
and  locomotive  engineering  began  and  developed  here. 
Altliougli  the  credit  of  steam  invention  is  conceded  to  us,  many 
of  our  general  public  and  some  of  our  engineers  seem  unaware 
of  the  leading  part  taken  by  England  in  that  great  field  of 
invention  covered  by  iiiteriial-conibustion  engines :  they 
imagine  that  in  this  subject  we  are  wholly  indebted  to  Ger- 
many, and  that  the  work  of  invention  here  is  small  compared 
to  that  of  the  Continent.  This  impression  has  arisen  because 
of  the  indefatigable  propaganda  of  scientific  engineering  Ger- 
many and  the  distinct  bias  to  German  methods  shown  by  some 
of  our  prominent  men.  AVe  are  freely  given  to  self-criticism, 
and  110  doubt  in  time  of  peace  this  characteristic  is  quite 
beneficial  and  useful  in  inaiiitaining  the  desire  to  improve  ；  but 
in  times  of  war  and  change  it  is  as  harmful  to  under-rate  our 
own  strength  and  acliievenients  as  it  is  to  under-rate  the  power 
of  our  enemies. 

In  the  development  of  iiitenial-coinbiistioii  engines  we  liave 
borne  our  full  share  of  pioneer  work.  It  is  true  that  effort 
both  in  tlie  past  and  present  is  more  uniformly  distributed 
among  the  nations  in  this  field  than  in  steam,  but  we  hold  our 
own  in  the  competition  towards  more  perfect  thermodynamic 
methods  and  niacliines.  A  very  short  review  of  the  past  will 
coiiviiice  you  that  much  has  been  done  by  England  to  develop 
engines  fit  for  the  great  modern  uses  of  stationary  power  pro- 
duction,  land  and  water  locomotion,  and  last,  light  and  power- 
fill  engineo  for  flight.  The  subject  is  one  to  which  I  have 
devoted  much  attention  for  the  past  40  years,  during  which 
these  engines  have  developed  from  mere  toys  of  I  li.】）.  to  3  li.p. 
to  engines  of  the  thousands  of  horse-power  of  to-day-  During 
that  time  there  have  been  produced  heavy  engines  for  station- 
ary purposes;  light  engines  for  motor-cars  and  flight,  and  inter- 
mediate engines  for  ship  propulsion ― all  with  the  chara ter- 
istic  burning  of  the  combustible  gaseous  or  vapour  fuel  within 
the  cylinder  instead  of  within  the  boiler  furnace. 

My  interest  in  the  gas  engine ― as  it  was  then  called - 
began  at  the  end  of  the  year  1876.  At  that  date  the  only 
types  of  engine  in  operation  were  the  non- compression  engine 
of  Leiioii*  and  the  uon-ronipression  free  piston  engine  of  Otto 
a»id  Laugen.  I ii  1876  the  Lenoir  engine  had  practically  dis- 
appeared from  comnierce  :  a  inunher  were  at  work,  but  the  only 
coniniercial  engine  was  the  ( )tto  and  Langeii.  This  was  a 
cumbersome  engine,  which  operated  with  great  noise  and  much 
recoil,  and  the  largest  of  the  type  in  existence  did  not  develop 
more  than  3  b.li.p.  lu  that  year  the  user  of  motive  power  had 
but  little  choice.  He  was  practically  confined  to  the  steam 
engine,  both  for  small  and  】arge  powers.  The  motive  power 
user  of  to-day  is  in  a  more  fortunate  position.  Constructors 
of  many  types  of  motors  conipete  for  his  favour.  These  40 
\  ears  have  seen  a  marvellous  development  of  tlie  gas  engine, 
aiicJ  ail  extension  of  tlie  use  of  (lifTerent  fuels  has  caused  the 
old  title  "  gas  engine  "  to  disappear  in  Favour  of  the  more 
general  term  "  iiitenial-coni  bust  ion  motor,"  lately  slioi'tened 
to  combustion  motor,"  which  includes  all  engines  known  as 
gas,  petrol,  and  oil  motors. 

The  gas  engine  originated,  as  its  title  shows,  in  a  form  of 
machine  adapted  to  burn  ilie  coal  gas  of  our  towns  :  for  many 

*  Paper  read  before  tlic  lioyal  Society  of  Arts.  November  29tb,  1910.  Fivsfc 
delivered  fit  Xewcastle-on-Ts  ne,  September  4th,  1916，  at  the  meeting  of  the  British 
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years  ])ast  other  inflammable  gases  have  been  consumed,  such 
as  producer  gas  in  its  various  forms,  generated  from  anthra- 
cite, coke,  bituminous  coal,  and  waste  combustible  solids  like 
wood  chips,  sawdust,  spent  tan,  and  cocoanut  shells,  also  coke 
oven  gas  and  blastfurnace  gas  ;  light  volatile  hydrocarbons  are 
used,  such  as  】:)etrol  and  benzole  :  heavy  hydrocarbons  and 
sometimes  coal  tar.  Even  alcohol  is  applied  to  the  purpose  of 
actuating  such  engines.  In  1876  the  total  power  generated  by 
gas  engines  in  the  United  Kingdom  did  not  exceed  2,000  b.h.p., 
while  in  1907  the  final  report  of  the  first  census  of  production 
of  the  United  Kingdom  shows  that  factories  alone  had  at  work 
a  total  of  680,177  h.p.,  while  agriculture  employed  98,785  h.p. 
of  gas,  petrol,  and  oil  engines.  In  addition  to  this  there  were 
in  u?e  in  motor-cars  and  motor-cycles  not  less  than  750,000  h.p. 
generated  by  petrol  engines.  The  total  power  generated  by 
internal  combustion  was  thus  : ― 

Horse-power. 

In  factories,  stationary  gas,  oil,  and  petrol  engines. . .  680,177 
For  agriculture,  stationary  gas,  oil,  and  petrol  engines  98,785 
For  motor-cars  and  cycles    750,000 


1,528,962 

111  tlie  United  Kingdom  a  total  of  over  1,500,000  h.p.  combus- 
tion engines  thus  existed  in  the  year  1907. 

All  enquiry  made  iu  Germany  in  the  same  year  showed  a 
total  of  351,000  h.p.  of  stationary  combustion  engines  in  opera- 
tion in  factories,  and  the  total  number  of  motor- vehicles  in  use 
was  27,026,  of  which  about  one-half  were  motor-cycles.  The 
total  power  of  the  locomotive  petrol  engines  was  not  more  than 
180,000  h.p. 

The  total  power  generated  by  i liter iial-conibustioii  was 
thus  : ― 

Horse-power. 

Ill  factories,  stationary  gas,  oil,  and  petrol  engines...  351,000 
For  motor-cars  and  cycles    180,000 


531,000 

In  Geniiany  a  total  of  531,000  h.p.  combustion  engines 
existed  iu  1907,  a  little  more  than  one-third  of  the  similar 
power  of  the  United  Kingdom.  The  census  of  production  of 
the  United  States  of  America  for  1909  shows  that  there  were 
in  use  1,299,021  li.p.  of  gas  and  gasolene  engines  for  the 
stationary  work  of  manufactures  and  mines.  Nearly  115,000 
motor-cars  were  produced  in  that  year  ；  this,  with  the  vehicles 
in  use,  required  engines  of  a  total  of  about  1'2  million  li.p. 
Total  coTiibustioii  power  for  the  United  States  was  certainly 
not  short  of  2  5  »nil)ioii  h.p.  Tlie  i nt enial-combustion  power 
iu  these  three  conn  I  l  ies  during  1907  and  1909  was  : ― 

~  IMillioti 
horse  pow  or. 

United  States  of  America    2  5 

1907.  United  Kingdom  of  Great  Britain  and  Ireland  1.53 
1907.    aeriiiaiiy    '53 

—over  4^,  million  li.}).  ^ 

Allowing  for  the  increase  of  Britain  and  Germany  from 
1907  to  1909,  a  probable  value  for  tlie  total  combustion  power 
of  the  three  nations  in  1909  is  5,000,000  h.p.  In  1909  France 
had  46,000 画 tor- cars  in  use  of  an  average  of  about  13  h.p.,  or 
a  total  of  598,000  h.p.  The  power  of  stationary  combustion 
engines  in  France  is  not  available,  but  the  four  countries  show 
a  total  of  at  least  5::'  millions  in  1909.  Tliis  figure  does  not 
include  oil  and  petrol  engines  used  for  marine  purposes,  which 
probably  brings  the  total  up  to  6,000,000.  In  1909，  then,  we 
find  at  least  6,000,000  h.p.  of  gas,  oil,  and  petrol  engines  in  the 
world ― a  truly  great  development  since  1876.  In  the  year 
1909  America  led  the  world  in  the  power  of  such  engines  at 
work,  Great  Britain  came  second,  and  France  and  Germany 
were  nearly  equal  with  the  third  place  ;  and  although  great 
ex])ansio!i  has  taken  place  in  all  these  countries,  Germany  still 
retains  the  same  relative  position  —America  aucl  England  still 
lead. 

In  addition  to  internal-combustion  all  these  engines  have 
another  feature  in  common— all  compress  tlie  working  fluid 
before  coiiibiistioii  ；  some  compress  a"  inflammable  niixture 
and  fire  the  compressed  mixture,  producing  a  mild  explosion 
with  a  strictly  limited  possible  rise  of  pressure  ；  some  compress 
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air  alone  and  then  mix  at  the  tomperat lire  of  compression  tlie 
iuflanunable  <^as  or  vapour  aiul  ignite  us  before  ；  and  some 
compress  the  air  cliarge  so  highly  that  on  the  injection  of  oil 
fuel  in  a  state  of  very  fine  spray  t lie  heat  of  compression  causes 
tlie  ignition  of  the  spray  as  it  enters  the  cylinder ― such  en- 
gines do  not  produce  an  explosion  ;  the  pressure  within  the 
cylinder  never  exceeds  the  pressure  of  comj)resHioii  or  tlie 
pressure  of  the  compressed  air  sonietinies  used  to  pulverise  or 
disperse  the  liquid  oil. 

The  engines  operated  by  explosion  are  called  constant- 
volume  engines,  and  those  actuated  by  expansion,  due  to  flame, 
('onstant-j)ressure  eiii>iiies.  Constant  volume  and  constant 
pressure  define  tlie  therniodynaniic  ciiaracteristics  of  tlie 
engines,  but  the  niecluiuical  cycle  adopted  to  carry  out  in 
practice  the  necessary  charging,  compressing,  igniting,  expand- 
ing, and  exhausting  operations  are  varied.  Two  mechanical 
cycles  are  in  general  use :  in  one  the  motor  piston  and  cylinder 
alternately  act  as  ])iunp  and  motor,  so  that  four  single  strokes 
are  necessary  respectively  for  charging,  compressing,  expand- 
ing after  igniting,  and  exliaustiiig  ；  in  the  otlier  tlie^^e  opera- 
tions are  pertornied  in  two  single  strokes  of  a  j)istoii  ；  air  or 
the  cliarge,  however,  has  to  be  pumped  and  lightly  compressed 
by  a  separate  lighter  piston  or  by  tlie  front  of  the  motor  piston. 
All  existing  gas,  oil,  and  petrol  engines,  whether  light  or 
heavy,  operate  according  to  one  of  these  cycles ― the  majority 
of  engines  in  accordance  with  the  4-stroke  system. 

This  feature  of  compression  before  ignition  is  necessary  in 
order  to  provide  an  economical  engine  expanding  the  gases  of 
explosion  in  the  most  favourable  maimer  and  at  the  same  time 
producing  large  power  for  small  bulk.  Tliis  mode  of  opera- 
tion was  the  iiiveiition  of  an  English  engineer  so  far  back  as 
1838.  It  will  be  found  described  in  Win.  Barnett's  Patent  No. 
7615  of  1838，  where  he  gives  full  particulars  of  a  double- 
acting  intenial-coiiibustion  engine  having  separate  air  and  gas 
pumps,  which  supply  a  cliarge  under  light  pressure  to  a  motor 
cylinder,  in  which  there  acts  a  piston  over-running  a  large 
port  ill  the  middle  of  the  stroke.  The  charge  displaces  tlie 
products  of  the  previous  explosion,  and  is  compressed  by  the 
return  of  the  piston  into  a  combustion  space  left  at  the  end 
of  the  cylinder.  Bariiett  had  fully  realised  the  advantages  of 
compression  before  ignition,  and  proposed  in  accurate  detail 
an  engine  closely  resembling  modern  two-stroke  engines.  He 
was  the  originator  of  both  tlie  compression  idea  in  its  present 
form  and  tlie  2-stroke-cycle  of  operation. 

The  first  German  engineer  to  appreciate  the  advantages  of 
compression  was  Giistav  Sclmudt,  but  lie  did  this  23  years  later 
than  Barnett,  in  a  paper  read  before  the  Society  of  German 
Engineers  iu  1861.  Schmidt  states,  criticising  the  Lenoir  non- 
coiiipressioii  engine :  "  The  results  would  be  far  more  favour- 
able if  compression  punij)s,  worked  from  tlie  engine,  compressed 
the  cold  air  and  cold  gas  to  three  atmospheres  before  entrance 
into  the  cylinder  ；  by  this  a  great  expansion  and  transforma- 
tion of  lieat  is  possible." 

Million,  a  clever  Frenchman,  in  liis  Patent  No.  1840，  of 
1861,  shows  that  he  had  exceedingly  clear  ideas  of  tlie  advan- 
tage of  compression  ；  lie  evidently  considers  himself  as  first  to 
propose  its  use  iu  a  gas  engine,  apparently  unaware  of  the 
existence  of  Barnett \s  engine  which  I  have  just  described.  He 
claims  the  exclusive  right  to  use  compression  in  the  most 
emphatic  language.  One  engine  described  is  exactly  what 
Schmidt  asked  for.  Separate  pumps  compress  the  air  and  gas 
into  a  reservoir,  from  which  the  movement  of  tlie  motor  piston, 
during  a  portion  of  the  stroke,  witlidraws  its  cliarge  under 
compression.  Ignition  is  accomplished  by  the  electric  spark, 
and  the  piston  moves  forward  under  tlie  liigh  pressure  pro- 
duced.  He  also  describes  a  compression  engine  in  which  the 
motive  cylinder  is  made  longer  than  necessary,  in  order  that 
the  piston  shall  always  leave  between  it  and  the  end  of  the 
cylinder  a  space  such  as  one-fourth  or  one-third  of  the  volume 
generated  by  the  motor  piston.  Here  he  resembles  Barnett 
and  the  modern  intern al-coinbustiou  engines. 

M.  Alph.  Beau  de  Rochas,  a  brilliant  Frenchman,  in  a 
remarkably  clever  pamphlet  published  iu  Paris  in  1862,  dis- 
cusses the  coiiditions  of  economy  iu  gas  engines  using  compres- 
sion witli  reference  to  volume  of  hot  gas  and  cooling  surface  to 
which  they  are  exposed.  He  states  that  four  conditions  are 
necessary  in  order  to  obtain  the  niaxiinum  economy  in  a  com- 
pression explosion  engine  :  (1)  The  greatest  possible  cylinder 


voluino  with  loasi  possible  cooliii"'  surfar (，：  (2)  Llio  grcidesL 
possible  rapidity  of  expansion  ；  (:S)  the  <;iealosi  possible;  expan- 
sion ； and  (A)  t ho  greatest  possible  pr ssurc  ； it  t  In-  rom niciice- 
nient  of  the  expansion. 

lie  therefore  reasons  that  a  large  cylinder  is  necessary, 
ami  the  time  of  exposure  to  cooling  slioukl  be  as  short  as 
possible  and  ])iHton  speed  high,  lie  coiisiders  tliat  the  solo 
arrangement  capable  of  meeting  the  conditions  is  a  single- 
cylinder  engine  having  tlie  following  series  of  operations  :  (1 ) 
Suction  (luring  an  entire  out-stroke  of  the  piston  ：  (2)  (； oni- 
pression  during-  the  following  iii-stroke  ；  (3)  ignition  at  tlie 
dead  point  and  expansion  during  the  third  stroke  ；  (4)  forcing 
out  of  the  burned  gases  on  the  fourtli  ami  last  return  stroke. 

Tlie  ignition  lie  proposes  to  accomplish  by  increase  of 
temperature  due  to  compression.  This  lie  expected  to  do  by 
compressing  to  one-fovuth  of  the  original  volu me.  He  also 
proposes  a  double-actiiig  engine  of  the  same  tyj)e  with  piston 
rod  and  stidling-box.  Beau  de  Rochas'  proposal  liad  to  wait 
for  14  years  before  it  was  put  into  successful  practice.  The 
late  Dr.  N.  A.  Otto,  of  Cologne,  succeeded  in  overcoming  tlie 
practical  difficulties  iu  the  year  1876，  wlieii  he  produced  the 
first  commercially  successful  gas  engine  utilising  the  idea  of 
compression  before  ignition,  first  proposed  38  years  before  by 
tlie  English  engineer  Barnett,  applied  by  the  means  of  the 
cycle  of  operations  due  to  Beau  de  Rochas.  The  modern 
4 -stroke  engine  was  thus  the  outcome  of  the  English,  Frencli, 
and  German  biaiii.  The  world,  however,  remains  deeply 
indebted  to  the  late  Dr.  Otto,  whose  ability  and  pertinacity, 
applied  at  the  crucial  time,  produced  an  engine  which  marks 
an  epoch  in  the  advance  of  internal-combustion  motors.  Dr. 
Otto  deserved  his  success  :  he  had  fought  long  and  hardly  for 
it.  He  was  born  at  Holzhauseu  in  Nassau  iu  1832  ；  he  began 
liis  work  on  gas  engines  in  1854  at  22  years  of  age  ；  attained 
his  first  success —— the  Otto  and  Langen  engine  already  referred 
To— in  1866  ；  and  made  liis  epoch- making  advance  in  1876.  He 
applied  his  whole  life  to  the  study  and  development  of  the  gas 
engine,  and  died  in  the  year  1891  at  tlie  age  of  59，  after  37 
years  devoted  to  the  problems  of  internal-combustion. 

Although  iu  1861  Schmidt  in  Germany  and  Million  in 
France  described  compression  engines  with  separate  compress- 
ing pumps,  no  2 -stroke  engine  appeared  in  p ublic  till  1879， 
wlien  I  exhibited  my  first  compression  gas  engine  at  the  Kil- 
buni  Show  of  the  Royal  Agricultural  Society  of  England. 
This  engine  was  patented  in  1878  (Patent  No.  3045).  It  had 
two  cylinders,  a  pump,  and  a  motor,  each  of  5in.  diani.  by  8iii. 
stroke.  The  pump  (X)mpressed  a  mixture  of  gas  and  air  into  a 
reservoir  at  the  full  presHUie  required  :  the  mixture  was 
admitted  to  the  motor  cylinder  during  the  first  part  of  its 
stroke,  cut  off  by  valve,  and  ignited  by  an  incandescent 
platinum  igniter,  the  piston  driven  forward  by  the  explosion, 
and  after  expansion  the  return  stroke  of  the  piston  discharged 
tlie  exhaust  gases.  This  engine  was  heavy  for  its  power,  and  it 
was  subject  to  the  difficulty  of  back  ignition  into  the  reservoir, 
so  that  it  was  not  placed  on  the  market.  The  engine  gave 
3  b.li.p.,  liowever,  for  many  months,  and  it  is  believed  to  be 
the  first  compression  engine  ever  run  giving  one  impulse  for 
every  two  strokes  of  the  motor  piston. 

The  engine  best  known  by  my  name  was  patented  by  me  in 
1881  (No.  1089  of  1881).  It  resembled  Barnett's  of  1838  iu 
compressing  witliiu  the  cylinder  and  giving  one  power  impulse 
for  each  double  stroke  ；  but  it  differed  in  applying  exhaust 
ports  at  the  out  end  of  the  stroke  overrun  by  the  piston  to 
time  exhaust  and  charging.  It  further  differed  iu  coupling 
the  pump  or  displacer  cylinder  to  the  main  crankshaft,  instead 
of  driving  at  twice  the  number  of  revolutions  by  gear  wheels. 

At  the  time  when  I  was  inventing,  designing,  and  experi- 
menting with  2- stroke  engines  in  Glasgow,  a  •Northumberland 
man,  the  late  Mr.  James  Robson,  was  busily  at  work  on  com- 
pression. His  first  patent  is  dated  1877,  No.  2334.  It  de- 
scribes ail  engine  of  the  non-compression  type  ；  but  he  produced 
a  2-stroke  engine  with  compression,  under  patents  dated  1879 
and  1880.  Messrs.  Tangye,  of  Birmingham,  produced  an 
engine  with  Mr.  Robson,  which  was  first  exhibited  in  public  by 
them  at  the  end  of  1880.  In  this  engine  the  front  end  of  the 
cyliiuler  was  enclosed  and  used  as  a  pump  to  force  a  mixture  of 
gas  and  air  into  a  reservoir  at  a  pressure  of  about  61bs.  per 
square  inch  above  atmosphere;  the  piston  over-rau  ports  in  the 
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cylinder,  but  the  exhaust  was  not  timed  by  it  ；  a  separate  valve 
was  used  which  controlled  the  exhaust. 

Siemens  in  1861，  and  Bray  ton  in  1873，  had  proposed  con- 
stant-pressure engine?,  in  which  the  front,  end  of  the  cylinder 
was  used  to  com  press  the  charge  which  was  utilised  on  tiic 
other  side  of  the  piston  to  produce  power  by  combustion  and 
expansion  ；  but  Kobsoii  was  first  to  propose  the  use  of  the 
front  to  com  press  lightly  the  charge  for  the  compression  engine 
of  the  explosion  type.  The  2-stroke  or  impulse-per-revohitiou 
engine  was  thus  the  re-sult  of  the  work  of  the  English  engineer, 
Baruett,  1838  :  the  French  engineer,  Million  ；  and  the  German 
engineer,  Schmidt,  in  1861  :  and  British  engineers,  Clerk  and 
Robson ― Clerk  by  his  1878  aud  1881  engines,  and  Robsoii  by 
his  1879  aud  1880  engines.  " 

Mr.  Robson's  son,  ]\Ir.  James  Robson,  of  Messrs.  Tangyes, 
Ltd.,  published  an  interesting  booklet  last  year  describing  his 
father's  early  work,  from  which  it  appears  that  Robson  experi- 
mented with  gas  engines  of  different  types  from  the  early  date 
of  1855，  and  he  rightly  claims  priority  for  his  father  as  the 
inventor  of  one  type  of  2-stroke  engine ― that  in  which  all  the 
pumping  and  motor  actions  are  performed  by  one  piston  in  a 
single  cylinder.  Undoubtedly,  Mr.  Robson  was  very  early  in 
the  field,  and  his  work  was  most  meritorious  ；  but  the  existence 
of  Barnett,  Million,  and  Schmidt  prevented  any  later  inventor 
from  claiming  the  whole  idea  of  impulse  every  revolution. 
Robson  and  Clerk  both  invented  modifications  which  made  the 
2-stroke  idea  practicable  ；  but  as  the  4-sti'oke  cycle  had  been 
invented  by  Beau  de  Rochas,  so  the  2-stroke  idea  was  likewise 
proposed  by  the  earlier  inventors. 

Messrs.  Sterne  &  Co"  engineers,  of  Glasgow,  built  and  sold 
large  numbers  of  Clerk  type  2-stroke  engines,  and  Messrs. 
Tangyes,  of  Birmingham,  a  large  number  of  Robson  engines. 
The  test  of  use  and  time,  however,  proved  the  4-stroke  engine 
to  be  best  adapted  for  most  purposes,  aud  by  far  the  largest 
number  of  internal-combustion  engines  in  existence  operate 
according  to  this  cycle. 

Many  of  the  larger  gas  engines  in  Germany  aud  America 
operate  upon  the  Clerk  modification  of  2-stroke  compression 
engine  as  adopted  by  Messrs.  Koertiug,  of  Hanover,  and  their 
licensees.  In  the  enquiry  made  in  Germany  referred  to 
already,  it  was  proved  that  260，000  b.h.p.  was  produced  in 
that  country  in  the  year  1907  by  4-stroke  engines,  and 
91,000  b.h.p.  by  2-stroke  engines. 

A  modification  of  the  Robson  2-stroke  engine  was  made 
in  England  by  Mr.  Day  in  1891，  in  which  a  crank  case  was 
used  as  the  pumping  chamber^  and  the  piston,  by  means  ot 
three  cylinder  ports,  performed  all  the  necessary  valve  opera- 
tions. This  form  of  engine  is  largely  adopted  in  America  for 
launch  propulsion  ；  some  motor-cars  also  used  it.  An  increas- 
ing use  is  being  made  of  2-stroke  engines  for  large  gas  and 
oil  engines,  and  this  type  is  now  firmly  established  and  shares 
the  field  with  4-stroke  engines  ；  both  have  advantages  on 
some  points  and  disadvantages  in  others. 

(To  he  continued.) 


AIR-SUPPLY  REGULATING  DEVICES  FOR  INTERNAL- 
COMBUSTION /.ENGINES. 

Messrs.  Cole,  Marchent,  &  Modey，  Ltd.,  Prospect  Works, 
Wakefield  Road,  Bradford,  have  recently  patented  the  device 
shown  in  the  accompanying  plan  and  elevation  for  regulating 
the  supply  of  air  to  Diesel  and  similarly  actuated  internal- 
combustion  engines  using  liquid  fuel,  according  to  the  】oa(l 
on  the  engine.  In  this  device  there  is  arranged  in  the  inlet 
pipe  A  to  the  compressor  B  a  throttle  valve  C.  Connected  to 
the  spindle  D  of  this  valve  is  a  semi-circular  rack  E.  Loosely 
mounted  on  the  spindle  1)  of  the  valve  is  an  arm  F  carrying 
two  oppositely  directed  pawls  G  which  are  pressed  by  spring 
Hjeans  H  towards  the  rack.  On  a  further  arm  J  also  loosely 
mounted  on  the  spindle  D  is  carried  a  shield  K  which  is 
normally  located  between  the  pawls  G  and  the  rack  E.  The 
pawl  arm  F  is  connected  by  a  link  L  to  a  lever  M  which  is 
mounted,  on  a  movable  fulcrum-plate  N,  and  at  its  outer 
end  carries  a  roller  O  which  bears  on  a  cam  race  P  on  the 
governor  spindle  Q  whereby  a  continuous  oscillation  is  im- 
parted to  the  arm  F  and  pawls  G,  Tlio  means  for  forming  a 
movable  fulcrum  for  the  lovor  M  consist  of  the  plate  N，  whirli 
is  connected  to  a  lever  R  iiiouiiiecl  on  any  suitable  stationary 


part  of  the  engine,  while  the  outer  end  of  this  lever  R  is 
connected  by  the  rod  S  to  the  governor  mechanism  to  rise  and 
fall  therewith.  From  this  arrangement  it  will  be  seen  that, 
as  the  speed  of  the  engine  tends  to  vary  owing  to  varying  loads, 
the  rod  S  will  move  and  so  alter  the  position  of  the  movable 
fulcrum  N  of  the  lever  M  which  is  operated  by  the  cam  race 
P，  causing  the  path  through  which  the  pawls  G  are  oscillated 
to  be  also  altered,  which  will  enable  the  pawls  to  act  on  the 
rack  E  at  one  or  other  end  of  the  shield  K  and  so  adjust  the 
valve  C.  The  shield  arm  J  is  connected  up  through  the  rod  T 
and  lever  U  to  the  plunger  rod  V  of  a  pressure  plunger  in 
the  cylinder  W  so  that  the  alteration  of  the  pressure  in  the  air 
bottles  and  air  pipe,  caused  by  the  adjustment  of  the  valve  C 
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leading  to  the  compressor,  will  cause  the  shield  K  to  move  in 
its  patli  between  the  rack  E  and  the  pawls  G.  The  adjustment 
of  the  parts  is  such  that  when  the  pressure  has  reached  the 
desired  point  to  enable  the  correct  amount  of  air  to  be  injected 
into  the  cylinders  of  the  engine  for  the  then  load,  the  shield 
will  have  moved  into  such  a  position  as  to  prevent  the  pawls 
from  acting  further  on  the  rack,  until  such  time  as  the  load 
oil  the  engine  is  altered.  It  will  be  seen  that  the  supply  of  air 
to  the  compressor  aud  therefore  to  the  cylinders  of  the  Diesel 
engine  is  controlled  through  a  ratchet  and  })awl  device,  in  the 
first  place  through  the  governor  and  in  the  second  place 
through  the  pressure  in  the  air  bottles.  The  inlet  to  the  com- 
pressor is  provided  with  means  sucli  as  a  cap  X  for  admitting 
the  full  quantity  of  air  thereto  when  desired  as  for  starting 
purposes  independently  of  the  throttle  valve. 

The  Iron  and  Steel  Institute.  —The  dates  fixed  for  the 
general  meetings  of  the  Iron  and  Steel  Institute  in  1917  are : 
Annual  meeting,  Thursday  and  Friday,  May  3i'd  and  4th  ； 
； iutuinn  meeting,  Thursday  and  Friday,  September  20tli  and 
21st. 
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DIESEL  ENGINE  USERS,  ASSOCIATION. 

At  tlie  November  met"ii、"  of  t lie  Diesel  Kni^ino  Us(、rs'  Asso- 
t'ial  ion  several  new  iiiemhers  \vei\^  elected,  ； ui(l  ； i  loiii^  list  of 
consulting  eiii^^iiieers,  inanufact  urin.^  lirins,  and  ol  liers  in- 
terested in  Diesel  engine  work,  hut  not  i|uulill(^(l  tor  lull  mem 
bershi]),  were  accepted  as  *'  subsL^'ibers  "  to  I  lie  associat  ion. 
This  new  class  of  "  subscribers  '  are  oiilitled  to  receive  copies 
of  the  ！ e ports  of  proceedings  ami  ol lier  inforinalion  and  parti- 
oulars  circulated  bv  t  lie  association.  The  president  (Mr. 
GeofTrev  Porter)  announced  that  tlie  conmut tee's  report  on 
'•  Air  Compressor  Explosions  and  Troubles  ，，  with  their  rccom- 
meiuliitioiis  on  the  subject  had  been  linally  revised, 
and  that  it  would  be  j)riiited  and  circulated  to  the  members 
ami  subscribers.  The  Honorary  Secretary  gave  particulars 
coiiceriiing  several  types  of  distance  tlieiinonieters  for  use  on 
air  compressors  which  he  had  collected  from  instrument 
makers,  with  information  concerning  cost  of  installation,  &c. 
Mr.  George  B.  Vickers  then  read  the  following  paper  on 
" Piston  and  Small  End  Lubrication  in  Diesel  Engines  " ： — 
Piston  and  Small  End  Lubrication  in  Diesel  Engines, 
by  mr.  george  b.  vickers. 

The  subject  to  be  discussed  this  afternoon  is  "  Piston  and 
Small  End  Lubrication/'  Dealing  first  with  lubricating 
troubles,  these  niav  be  placed  under  two  headings,  either  un- 
suitable lubricating  oil  or  faulty  design. 

A t(l>ricatin(f  Oils. —— The  lubricating  oils  should  be  carefully 
chosen.  Pure  mineral  or  hydro-carbon  oils  are  undoubtedly 
the  best.  They  contain  a  much  smaller  percentage  of  acid  than 
animal  or  vegetable  oils.  The  deposit  from  mineral  oils  is 
more  easily  rubbed  off  the  bearing  surface  when  the  load  comes 
on,  than  animal  or  vegetable  oil  deposits.  Many  compound 
oils  are  good,  but  although  tliey  may  be  carefully  blended 
originally,  there  is,  after  repeated  use,  sometimes  evidence 
of  disintegration,  and  they  are  liable  to  give  a  giunn"'  deposit. 
It  has  been  found  by  many  engineers  on  Diesel  installations 
that  oils  whicli  are  otherwise  very  suitable  are  the  cause  of 
considerable  liner  wear.  Tlie  best  test  of  lubricating  oil  is  on 
the  air  compressor.  If  the  oil  causes  pitting  on  the  compressor 
valves  and  shows  an  acid  scouring  action  on  the  valves  in  the 
air  bottle  beds,  the  engineer  may  expect  tlie  main  cylinder 
liner  wear  to  be  excessive.  Regarding  the  amount  which  may  be 
taken  as  average  liner  wear,  figures  taken  from  a  number  of 
engines  give  a  mean  wear  of  OlOin.  to  012in.  per  1,000  hours' 
run,  when  the  engine  is  heavily  taxed.  There  are  many  means 
of  reducing  this  liner  wear  but  this  subject  is  not  under  dis- 
cussion. The  lubrication  requirements  of  the  small  ends 
and  the  pistons  are  contradictory.  For  pistons  an  oil  witli  a 
moderate  viscosity  of  say  130  to  180  at  140°  ； Fah.  gives  good 
result's,  whilst  an  oil  with  a  good  viscosity  of  say  400  to  500  at 
140。  Fall,  is  best  for  small  end  lubrication. 

Again,  the  type  of  engine  and  the  temperature  of  the 
engine  room  should  be  a  governing  factor  in  the  class  of  oil 
used.  For  enclosed  type  engines  thicker  oil  is  required  than 
with  the  open  type,  as  the  temperature  inside  the  crank  case 
is  much  higher  than  on  open  type  engines.  Remarkable  experi- 
ments showing  the  importance  of  using  fairly  thick  oil  for 
piston  lubrication  on  enclosed  engines  were  made  by  Messrs. 
Hicl<,  Hargi'eaves,  &  Co"  Ltd.,  during  the  last  12  months.  A 
number  of  naval  high-speed  engines  were  constructed  and 
tested  under  load.  Difficulty  was  experienced  in  using  the  thin 
oil  provided,  which  had  a  viscosity  of  110  at  140*^  Fah.,  and 
was  almost  like  paraffin  on  the  piston  after  an  hour's  run. 
Thicker  oil  of  the  quality  used  on  our  usual  Diesel  work  was 
used  "having  a  viscosity  of  140  at  140°  Fah.  in  place  of  the 
thin  oil,  and  the  fuel  consumption,  which  previoiislv  had  never 
been  lower  than  ■451b.  per  b.h.p.  hour,  was  reduced  to  •4191b., 
effecting  a  saving  of  15s.  in  a  six  hour  trial  run. 

The  lubricating  oil  used  for  pistons  or  small  ends  should 
not  emulsify,  so  that  if  any  water  drops  in  tlie  crank  pit,  it 
can  afterwards  be  separated.  Most  mineral  oils  are  easily- 
separated  from  the  water.  When  a  different  oil  is  used  for 
top  end  lubrication  than  is  used  for  the  piston,  care  should 
be  taken  that  the  oils  will  blend.  Some  oils  are  impossible  to 
compound.  On  average  engines  the  quantity  of  lubricating  oil 
vuied  is  kept  as  low  as  possible  by  using  new  oil  on  tlie  small 
ends  only,  and  filtered  oil  on  the  other  parts.  This  filtered 
oil  has  advantages,  as  after  running  and  filtering  the  bitu- 
minous matter  in  tlie  oil  is  eliminated.  Filtered  oil  should  not 
be  used  too  often  ou  the  pistons,  as  its  viscosity  gets  too  low 


lor  this  work.  The  ori^^nnal  rnotliod  of  luhricalin^  the  piston 
l)y  a  single  stem  le'-uling  to  a  (、m'ir('lmg  tlie  liner,  and  from 
tJiem'e  t  lirough  small  holes  in  t  he  liner,  is  a  j)ooi'  met  IkkI. 
The  oil  fTeis  congealed  and  carbonised  ； ukI  the  Ijelt  eventually 
i^ets  choked  and  there  is  always  the  chance  of  water  getting 
into  tlie  cylinder  past  the  bell ,  a  fault  most  difficult  to  over- 
come. On  engines  where  the  belt  lubrication  is  used,  the 
belt  slioiild  be  flushed  out  witli  paraffin  every  time  that  the 
pistons  are  withdrawn,  or  perhaps  even  once  a  week. 

The  usual  method  of  piston  lubrication  is  through  four  or 
six  stems  or  quills  leading  through  tlie  wf»ter-jacket  to  the  liner. 
The  customary  method  has  been  to  ccnnect  each  of  the  quills 
by  a  common  feed  pipe,  past  a  hack-pressure  valve,  to  the 
single  lu bricatiug  punij).  Many  engineers  now  insist  on  having 
a  separate  feed  to  each  quill,  i.e.,  they  have  a  six  or  eight 
feed  lubricator  fitted  for  each  cylinder  1  his  method,  of  course, 
is  more  costly,  but  is  not  very  expensive,  and  is  undoubtedly 
the  better  plan.  Many  piston  seizures  have  been  caused  by 
faulty  arrangement  of  lubricating  piping  and  leaky  back- 
pressure valves.  The  lubricating  pumps  for  piston  lubri- 
cation are,  in  the  majority  of  cases,  driven  from  the  cam  shaft, 
and  so  are  placed  much  higher  than  the  quill  line.  The  result 
is,  after  a  short  stoppage,  the  feed  piping  has  been  drained, 
and  unless  there  is  wasteful  flushing  through,  the  piston  does 
not  receive  any  lubrication  for  a  few  minutes  after  starting. 
Some  engineers  have  overcome  this  difficulty  by  curving  the 
feed  pipe  so  tliat  it  is  unable  to  fully  drain  itself  ；  others  have 
fitted  small  valves,  which  are  shut  off  when  the  engine  stops. 
A  better  plan  which  is  now  adopted  by  one  or  two  firms  is 
to  have  the  lubricators  fixed  well  below  the  lubricating  belt 
line  and  worked  off  the  indicator  gear  or  the  vertical  shaft, 
thus  ensuring  that  the  pipes  are  always  charged.  When  this 
better  position  for  the  lubricating  pumps  is  adopted,  the 
arrangement  is  often  lacking  in  completeness.  The  pump 
should  be  fitted  with  a  flushing  arrangement  iu  case  of  neces- 
sity, and  preferably  sight  feeds  with  regulating  valves.  The 
check  valve  in  the  lubricator  pipe  is  of  greater  importance 
than  many  attendants  seem  to  think  ;  it  should  be  well  de- 
signed and  periodically  examined  to  ensure  that  there  is  no 
bituminous  matter  holding  tlie  valve  up  and  interfering  with 
the  supply.  Mr.  Lyle,  of  Messrs.  Hoffmann ，s，  was  able  to 
avoid  trouble  from  valves  sticking  up,  by  altering  his  piping 
sliglitly,  so  til  at  the  check  valve  was  vertical,  and  so  assist  ed 
by  ,<?ravitv  in  keeping  on  its  seating.  In  quite  a  number  of 
engines  the  check  valves  are  inverted  and  are  probably  the 
seat  of  many  troubles. 

I  mentioned  that  the  usual  method  adopted  to  introduce 
the  lubricating  oil  to  the  piston  and  liner  surface  was  by 
means  of  quills.  The  method  of  securing  these  is  sometimes 
the  cause  of  trouble.  Some  makers  prepare  a  tapered  hole  in 
the  liner,  and  the  quill  has  a  rounded  nose  (sometimes  of 
copper),  and  tlie  quill  is  screwed  home  tight  through  a 
tapped  hole  in  the  water-jacket.  When  the  parts  get  warm 
and  expand,  these  quills  have  been  found  to  act  as  struts,  and 
have  caus,d  piston  seizures  immediately  opposite  to  the  lubri- 
cating holes.  An  improved  method  is  to  have  the  quill  screwed 
into  the  liner,  a  plain  hole  in  the  water-jacket,  and  an  external 
joint  made.  Tlie  telescopic  quill,  as  made  by  one  well-known 
British  firm,  is  an  improvement  over  either  of  the  previous 
methods,  but  is  capable  of  being  simplified. 

It  is  usual  to  introduce  the  lubricating  oil  between  the 
first  and  second  rings  when  the  piston  is  at  the  bottom  of  its 
stroke,  but  some  makers  have  not  done  this  and  liave  not 
found  any  difference.  It  is  advisable  to  slightly  countersink 
the  lubricating  holes  in  the  liner  on  the  liner  surface  to  avoid 
any  burring  over.  Oil  grooves  leading  both  left  and  right 
from  each  oil  hole,  greatly  assist  lubrication.  The  grooves 
should  have  a  slight  fall  leading  away  from  the  holes  and 
should  ovetlap  one  another.  Some  makers  have  not  adopted 
this  direct  means  of  lubricating  the  piston  through  quills  in 
the  liner,  but  have  relied  on  what  is  termed  the  "  splasli 
system."  The  pistons  with  this  system  have  skirts  which  pro- 
trude well  beyond  tlie  lower  edge  of  the  liner,  at  the  bottom 
of  the  stroke.  The  piston  relies  on  the  splash  from  the  bottom 
end  of  the  connecting  rod  for  its  lubrication.  The  manufac- 
turers who  have  used  this  system  have  found  it,  effective  on 
pistons  up  to  14in.  or  15in.  diam.，  but  wlien  tried  ou  larger 
type  engines  actual  users  have  found  by  bitter  experience  that 
this  splash  system  is  not  reliable.  The  system  is  really  only 
suitable  for  small  engines,  and  its  chief  drawback  is'  that  lubri- 


440 


THE    MECHANICAL  ENGINEER. 


[December  8，  1916 


cation  cannot  be  regulated,  is  most  uncertain,  and  there  is  a 
teiuleucy  to  wastage. 

To p  End  L ithricdi  'um,  一  Phos])hor-bronze  bearings  are 
usuallv  adopted  for  the  top  end  bearings.  Different  nianufac- 
f urers  have  tried  white  metal  lined  top  end  bearings,  but 
have  usually  come  to  the  conclusiou  that  the  pressures  are  too 
great  for  white  metal  to  be  successful.  The  wear  on  phosphor- 
bronze  bearings  is  seldom  more  than  OOlin,  per  annum,  、vliilst 
\vlute-iMetal  bearings,  according  to  the  quality,  may  show  more 
wear  than  this  in  one  week.  It  is  impossible  to  give  a  defi- 
nite clearance  allowable  at  top  ends.  If  white  raetal  is  used, 
no  clearance  should  be  allowed,  after  running  the  engine  liglit 
for  a  time,  the  bearings  then  run  quite  satisfactorily.  When 
a  ])hosphor-broiize  splif  bush  is  used,  the  average  clearance  is 
■003in.  vertically  and  OOGin.  at  each  side.  If  the  bush  is  solid, 
more  clearance  is  required,  usually  'OOGin.  to  '008in.  vertically, 
and  OOSin.  at  the  sides.  Mudi  seems  to  depend  on  the  mate- 
rial adopted  for  the  bearing  and  the  pin.  With  some  classes 
of  steel  used  for  gudgeon  pins,  a  greater  clearance  is  required 
to  allow  for  distortion  than  witli  other  steels.  The  gudgeon 
pins  should  be  fullv  case-hardened,  at  the  ep.ds  as  well  as  on 
1  he  bearing  surface.  A  case  occurred  recently  where  the  pin 
had  been  left  soft  at  the  ends,  and  when  tapping  the  pin  into 
the  piston,  the  end  of  the  pin  was  bulged,  and  when  forced 
into  the  piston,  it  split  the  boss  in  two  places. 

The  position  of  the  gudgeon  pin  in  the  piston  is  very  impor- 
tant. If  the  pin  is  located  too  low,  the  piston  will  tend  to 
heel  over  at  the  top  when  maximum  compression  pressure 
occurs  ；  similarly,  if  the  pin  is  located  too  high,  the  piston 
will  tend  to  heel  over  when  the  maximum  working  thrust 
occurs.  The  ideal  position  of  the  pin  is  at  a  mean  between  this 
permissible  liigh  and  low  point.  A  good  long  skirt  is  advis- 
able to  act  as  a  guide,  and  to  reduce  the  pressure  per  unit 
area  due  to  thrust.  The  lengtli  of  guiding  surface  on  the 
piston  should  be  1'4  to  1*6  times  its  diameter  for  slow-speed 
engines,  but  m ay  be  reduced  to  1.2  times  the  diameter  for  higli- 
speed  engines. 

Many  of  the  methods  adopted  for  lubricating  the  top  end 
bearings  do  not  appeal  to  the  British  engineer.  A  good  de- 
signer would  only  adopt  them  as  a  last  extremity  and  then 
only  with  great  diffidence.  Still,  strange  to  say,  the  methods 
are  effective.  Taking  first  the  scraper  system,  two  grooves 
are  cut  on  the  bearing  surface  of  the  piston,  the  top  of  tlie 
grooves  entering  the  small  circular  groove  usually  turned  on 
tlie  piston  below  the  lowest  ring  in  the  top  nest,  the  grooves 
then  take  the  form  of  a  half  spiral  gradually  decreasing  in 
w  id  til  until  they  are  opposite  the  ends  of  the  gudgeon  pin. 
Holes  are  then  led  through  the  piston  to  tlie  centre  of  the  pin. 
The  oil  gathered  in  one  groove  leads  to  the  large  diam etei'  end 
of  the  pin  and  the  oil  from  second  groove  is  led  into  the  small 
diameter  end  of  gudgeon  pin.  Two  holes  are  led  from  the 
centre  of  pin  to  the  top  bearing  surface  in  the  usual  manner. 
This  method,  depending  as  it  does  on  collecting  the  oil  remain- 
ing on  the  liner  walls  after  the  rings  have  scraped  the  majority 
off,  seems  a  very  liaphazard  method,  but  it  is  quite  effective 
for  pistons  up  to  24iii.  diani. 

In  the  second,  the  banjo  system,  the  oil  is  led  into  a  banjo 
on  the  side  of  the  crank  and  tlie  centrifugal  force  causes  the 
oil  to  flow  into  a  small  receiver,  having  a  steel  ball  and  cage 
fitted  at  every  revolution  of  the  crank,  tlie  ball,  having  a 
small  lift,  is  thrown  up  by  its  inertia,  and  allows  a  small  quan- 
tity of  oil  to  pass  up  the  pipe  leading  to  the  top  end;  as  the 
ball  falls  on  to  its  seating  it  acts  as  a  retaining  valve.  With- 
out a  knowledge  of  the  effectiveness  of  this  system  any  engineer 
would  be  justified  in  expecting  that  at  least  a  special  quality 
of  oil,  of  the  "  Monkey  "  brand,  wliich  would  climb  xip  .the 
pipe,  would  be  necessary  for  this  system. 

The  third,  and  most  general  method  of  top  end  lubrication 
is  to  liave  one  or  two  slots  in  tlie  piston  which  pass  over  the 
leads  from  the  oil  supply  pipes  and  holes  leading  from  the 
])oltoTn  of  tlie  slots  through  the  piston  to  the  centre  hole  in 
tlie  gudcreon  Several  holes  lead  from  this  central  hole 

in  the  pin  to  the  bearing  surface.  Tliis  method  being  ilie 
one  most  frequently  adopted,  it  is  perhaps  desirable  to  mention 
a  few  useful  liints  regarding  it.  In  tlie  first  place,  it  is 
preferable  to  have  two  slots  in  the  piston,  one  midway  between 
(.raiikshaft  centre  line  and  cross  centre  line  on  the  front  side 
of  piston,  and  one  directly  opposite,  so  that  whichever  side 
of  the  liner  tlie  piston  is  thrust  against,  one  of  tlie  slots  is  able 
to  scrape  tlie  rnaxiniiim  quantity  of  oil  from  tlie  liner.  Tliis 
is  also  desirable  because  the  more  sources  of  lul)ri('aiion  iliere 


are  the  better  chance  there  is  of  keeping  the  bearing  cool. 
Two  quills,  of  course,  are  required  to  deliver  oil  from  the  pump 
through  the  liner  at  points  in  line  with  tlie  slots  in  the  piston. 
Improvement  may  also  be  made  in  many  cases  in  the  shape 
of  the  slot.  The  slot  is  best  when  V- shape  in  section,  and  the 
top  and  bottom  should  be  undercut  at  about  45°,  the  scraping 
edges  being  left  moderately  sharp  ；  a  sluice  should  also  be 
cut  to  connect  the  top  of  the  slot  to  the  circular  scraper  groove 
cut  in  the  piston  to  take  advantage  of  the  oil  scraped  off  the 
walls  by  this  groove.  The  angle  at  which  the  hole  is  drilled 
leading  to  the  centre  of  the  pin  should  be  fairly  steep  to  assist 
the  flow.  The  slot  should  be  fairly  long,  but  care  should  be 
taken  that  a  moderate  head  of  oil  is  allowed  between  the 
bottom  of  the  slot  and  the  top  of  the  gudgeon  pin.  The  oil 
hole  should  have  a  large  countersink,  both  in  the  piston,  and 
also  when  it  enters  the  pin.  The  hole  in  the  centre  of  the  pin 
should  be  at  least.  l|-iu.  diam.  for  a  6iii.  pin,  as  it  acts  as  a 
reservoir  for  the  oil.  Two  holes  at  least  should  be  drilled  from 
the  top  of  the  pin  to  the  centre,  one  close  to  each  end  of  the 
bearing  surface  ；  these  holes  may  be  drilled  at  30。  to  a  vertical 
centre  line.  B6tli  tliese  holes  should  lead  into  a  longitudinal 
groove  on  the  top  surface  of  the  pin.  These  grooves  should 
liave  well  rounded  edges,  to  assist  the  oil  to  escape.  In  the 
case  of  white  metal  top  end  bearings,  when  there  is  little 
clearance  to  allow  the  oil  to  work  its  way  over  the  pin  surface, 
the  best  method  of  spreading  the  oil  is  by  two  half  spiral 
grooves  cut  in  the  white  metal. 

On  medium  and  high-speed  engines  a  complete  service  of 
forced  lubrication  solves  lubrication  difficulties.  Of  course,  this 
means  having  the  engine  fully  enclosed.  Regarding  the  top 
end  lubrication,  the  practice  of  fitting  a  lubricating  pipe  lead- 
ing from  the  bottom  to  the  top  end  is  to  be  deprecated.  Any 
external  pipes  tend  to  come  loose  at  the  joints  and  get  broken. 
It  is  much  better  to  have  the  oil  passage  up  tlie  centre  of  the 
connecting  rod.  When  a  priming  system  of  lubrication  is  not 
provided,  a  small  ball  valve  fitted  in  a  cage  in  the  hole  at  the 
bottom  end  of  the  connecting  rod  acts  as  a  retaining  valve 
when  tlie  engine  is  shut  down  and  prevents  the  oil  from  drain- 
ing away  from  the  top  end. 

Altliouo^li  the  forced  lubrication  on  all  the  bearings  effec- 
tively solves  tlie  problem  of  top  end  and  piston  lubrication, 
tlie  system  has  disadvantages.  Unless  manufacturers  have 
taken  special  precautions,  it  is  probable  that  tlie  piston  will 
receive  too  mucli  lubrication.  The  oil  is  thrown  from  the 
bottom  end  bearings  on  to  the  liner  walls,  and  when  the  piston 
is  on  its  suction  stroke  the  slight  pressure  in  the  crank 
cliamber  tends  to  force  the  oil  past  the  relaxed  rings,  the 
result  being  that  the  lubricating  oil  is  burnt  and  very  peaky 
indicator  cards  are  obtained,  showing  a  maximum  pressure 
frequently  lOOlbs.  to  1501bs.  above  compression  pressure.  The 
liigh  consumption  of  lubricating  oil  has  retarded  the  progress 
of  the  enclosed  type  of  engine.  We  liave  overcome  the  diffi- 
culties, first,  by  guarding  the  bottom  end  bearings  to  avoid 
splash  on  to  liners  ；  secondly,  hy  preventing  the  oil  from 
creepino"  from  top  end  bearing  along  the  (； udgeon  pin  keyway 
on  to  piston  surface  ；  thirdly,  by  providing  scraper  grooves 
on  piston  with  return  ducts  to  inside  ；  fourthly,  by  dissipating 
the  vapour  in  crank  cliamber,  this  vapour  tending  to  get  past 
the  rings  on  suction  stroke. 

The  common  method  of  withdrawing  the  oil  vapour  in 
tlie  crank  chamber  is  to  take  the  air  com  pressor  suction  or  the 
main  cylinder  suction  from  the  chamber.  In  our  opinion  this 
causes  dirty  valves,  is  wasteful,  and  in  a  few  cases  lias  proved 
to  be  dangerous.  We  find  that  the  vapour  is  most,  effectively 
withdrawn  by  a  belt-driven  extraction  fan,  and  we  lead  the 
gases  to  a  baffle  box  where  tliey  are  condensed,  thus  recoverin'g 
tlie  oil  which  by  other  methods  is  burnt.  The  vapour  is  mainly 
caused  l)y  the  oil  being  splashed  on  the  inside  of  the  piston 
crown,  and  if  the  crown  has  an  oil  guard  fitted  the  vapour  is 
considerably  reduced. 

A  discussion  followed,  and  Mr.  W.  Fennell  gave  some  infor- 
mation concerning-  enquiries  he  had  made  in  regard  to  the 
possible  use  of  deflocculated  graphite,  and  special  graphite 
preparations  for  the  lubrication  of  Diesel  engine  cylinders. 
Apparently,  this  form  of  lubrication  had  not  been  tried  in 
many  cases,  and  the  information  which  he  received  from  a  few 
quarters  was  not  sufficient  to  justify  Ins  making  any  experi- 
ments with  it  on  the  engines  under  his  control.  He  also 
referred  to  the  increased  sulphur  contents  of  certain  fuel  oils 
which  were  now  being  used,  and  it  was  found  that  these 
react. Pfl  on  1  lie  Inbiif-ating  oil,  especially  if   this  was  com- 
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pounded  with  vegetable  oils,  causin<jf  a  sticky  deposit,  analo- 
gous t  o  vulcanised  hitium"i，  whioli  dest  royed  t  he  lubricat  ing 
propert ies  t he  oil.  I le  coiisideioti  t liat  it  was  imporlai"' 
tliat  coinpoiuuled  oils  should  not-  he  used  for  cyliiuler  lubrica- 
tion, and  that  lor  this  purpose  a  pure  mineral  oil  onlv  should 
he  iiKide  use  of.  The  real  difficulty  in  lubricating  a  Diesel 
engine  cylinder  was  i hat  1  here  is  no  oil  wliicli  stands  the  tem- 
])erature  of  burning  gases.  An  ideal  lubricating  oil  would 
leave  no  deposit  when  bunii  away.  He  expressed  t lie  opinion 
that,  the  most  successful  Diesel  engine  of  the  futuie  would 
have  a  crosshead.  He  also  strongly  advocated  separate  lubri- 
cators for  each  point  to  be  lubricated. 

In  his  reply  to  t  lie  dis(Uission  M  v.  Vi kers  agreed  that- 
sulphur  would  certainly  have  a  had  effect  on  most  compounded 
oils,  hut  that,  it  would  have  no  effect  on  ； i  pure  mineral  oil. 
Tf  tliere  was  any  sign  of  acrid  action  in  a  lubricating  oil,  it 
was  not  suitable  for  use  on  the  engine.  In  vegetable  oils  t he 
acid  property  was  frequently  3  per  cent.,  wliereas  in  mineral 
oils  this  was  very  seldom  above  3  or  4  per  cent. 


THE  CARBONISATION  OF  COAL,  WITH  BY-PRODUCT 
RECOVERY.* 

BY  S,  B.  BILBROUGH. 

The  carbonisation  of  coal  is  becoming  of  increasing  impor- 
tance in  all  coal-bearing  countries,  and  of  late  years  the  impor- 
tance of  these  industries  is  being  much  more  discussed,  and 
very  much  more  interest  is  taken  in  their  development.  The 
cheapness  of  coal  has  been  tlie  chief  drawback  to  its  conserva- 
tion and  prevention  of  its  waste.  An  important  discussion  is 
at  present  going  on  in  Britain  on  tlie  wastefulness  in  the  coal 
industry ― a  discussion  which  seems  to  have  matured  after 
50  years  of  waste.  I  have  been  asked,  "  Tell 川 e  what  is  in 
】r»y  coal,"  and  a  bituminous  sample  of  coal  has  been  sub- 
mitted. The  reply  inight  well  be,  "  Almost  everything  is  in 
your  coal,  and  it  does  not  particularly  apply  to  your  coal,  but 
to  every  bituminous  coal."  But  the  question  as  to  which  of 
the  constituents  it  will  pay  best  to  extract  or  produce  from 
the  coal  is  a  very  different  proposition,  and  the  answer  becomes 
at  once  limited  and  narrow,  and  is  a  different  answer  for 
different  countries  and  different  localities  in  the  same  country. 

The  commercial  products  of  coal  as  produced  in  carbonis- 
ing plants  are :  (1)  Power  gas  (primary  product).  (2)  Coke 
(primary  product).  (3)  Lighting  gas  (primary  product).  (4) 
Sulphate  of  ammonia  (by-product).  (5)  Tar  and  its  distillates 
(by-product). 

Three  distinct  plants,  employing  different  methods,  are  in 
use  for  obtaining  these  products,  viz. :  (1)  Gas  producers,  (2) 
Coke  ovens.  (3)  Town  gasworks..  There  are  no  other  methods 
in  use  to-day  than  the  above-named  three  for  carbonising 
coal  with  by-product  recovery,  and  ther.e  are  no  plants  in 
existence  which  make  sulphate  or  tar  as  a  primary  product. 
The  three  plants,  viz.,  gas  producers,  coke  ovens,  and  gas- 
works, can  only  produce  efficiently  tlieir  own  special  products 
and  by  products.  It  is  very  important  to  bear  this  in  mind. 
These  three  systems  of  carbonisation  separately  operated 
would  give  the  following  products : ― 

I. ― Gas  Producers. 

Primanj  Product. ― Power  gas  for  heating,  for  generating 
steam  in  boilers,  for  driving  gas  engines.  The  volume  of  gas 
per  ton  of  coal  is  enormous ― about  150,000  cub.  ft. ― and  the 
calorific  value  is  low ― about  140  to  160  B.Th.U.  per  cubic 
foot. 

Bf/-'producf><. ― Sulphate  of  ammonia,  in  large  quantities. 
The  maximum  ever  obtained  from  the  nitrogen  in  the  coal 
is  obtained  by  this  system,  and  amounts  to  801bs.  to  1401bH. 
sulphate  per  ton  of  coal  gasified,  depending  on  the  nitrogen 
content  of  the  coal. 

Tar,  in  small  quantities,  is  also  obtained,  but  is  of  no  value 
for  distillation  purposes,  and  the  less  there  is  of  it  the  easier 
the  plant  is  worked. 

No  other  products  can  be  made  by  these  plants.  There  is 
no  motor  spirit,  no  valuable  oils,  and  no  coke  to  be  obtained 
from  this  system  of  carbonisation.  The  production  of 
sulphate  is  so  high  from  these  plants  that  they  might  equally 
be  termed  sulphate  plants  as  power-gas  plants. 

•  From  a  paper  read  before  the  SonWi  African  Institution  of  Engineers,  and 
reproduced  from  ihvi  Journal  of  tlie  Institution. 


ir.    (^)KK  Oven  Pi-ants. 

〃/7〃/〃/〃  (j ()()(!  meialliu'gical  coke,  "0  |"'r  cent, 

to  70  per  cent,  ol'  the  vvoi<^lit  oi'  the  coal,  is  (山 taim'd. 

/ii/-pro(f ticfs. ~ Surplus  of  good  lii^li-^rade  gas,  wliicli  can 
be  used  for  lighting  or  steam  raising. 

7V,〃，  of  good  quality,  and  used  for  disiillat  ion  into  pro 
(liK't s  too  numerous  to  mention,  anioiirit  to  8  ^alls.  to  1 0  galls. 

ton  ol'  coal. 

Stff  jiluitf  of  .  I  //i  〃〃'/〃〃，  in  smul  I  (|uanl  ii  ios,  alxnit  (」01l)s. 
t(j  25 lbs.  per  ton  of  coal. 

The  distillation  of  the  tar  is  usually  cari  ied  oul  l>y  separate 
companies,  the  cliief  products  being  pitch,  road  rouipo, 
creosote,  carbolic,  light  naphthas,  benzol,  dyes,  and  numerous 
ot lier  [noducis  in  small  quantities. 

1  Ii.  —Gasworks. 

/"ri/Ntn  //  Pn"l m'J . —- Ligliting  gas  of  high  grade,  about 
1  (),()()()  cub"  ft.  to  12,000  cub.  ft.  per  ton  of  coal,  and  having 
a  calorific;  value  of  about  GOO  B.Th.U.  per  cubic  foot. 

Tar. —- A  1)0 lit  the  same  as  (or  coke  oveiis  in  (juaiitity  ami 
quality. 

.V/// pluite. ― About  tlie  same  as  for  coke  ovens. 

( 'o/v^.— About  60  per  cent,  of  coke  is  produced,  known  as 
gas  coke.  The  tar  is  distilled  by  separate  companies,  giving 
the  products  mentioned  under  II.  (coke  ovens). 

This  illustrates  briefly  the  distribution  of  the  various  pro- 
ducts contained  in  coal  to  the  three  systems  by  which  they  are 
produced.  These  primary  industries  may  be  termed  ('  key  " 
industries,  and  are  of  the  highest  importance  for  any  coal- 
bearing  country  to  possess,  as  dependent  on  them  are  nu merous 
other  ind ustries. 


WOLFRAM  FROM  THE  MALAY  STATES. 

The  demand  for  tungsten  ores  for  the  manufacture  of  war 
material  has  prompted  enquiry  into  the  Empire  resources 
of  these  ores.  In  the  last  report  of  Mr.  W.  Eyre  Kenny, 
Senior  Warden  of  Mines,  Federated  Malay  States,  it  is  stated 
that  the  total  tonnage  of  tungsten  ores  exported  from  those 
States  in  1915  amounted  to  291  tons,  in  1914  to  261  tons, 
and  in  1913  to  225  tons.  The  greater  quantity  was  low-grade 
ore,  and  carried  less  than  65  per  cent,  of  tungstic  acid. 
Tungsten  ores  aggregating  407  tons  were  imported  from 
other  countries  and  re-exported  aft  er  treat  in  ent  at  separating 
works  in  the  States,  but  are  not  included  in  the  above-quoted 
figures.  There  is  nothing  to  show  to  which  countries  the 
tungsten  was  exported.  The  value  of  wolfram  alone  exported 
from  the  Federated  Malay  States  in  1915  was  £32,174.  It- 
is  not  generally  realised  that  tungsten  ores  do  not  occur  in 
the  Federated  Malay  States  in  defined  deposits,  and  that  by 
far  the  greater  bulk  is  found  in  small  quantities,  irregularly 
intermixed  with  tin  ore  and  valueless  matter.  These  facts 
render  it  impossible  to  obtain  any  large  increase  in  output. 
The  ore  is  also  mainly  of  a  low  grade,  which  is  not  a  favour- 
able factor .  Every  effort  has  been  made  by  the  authorities 
to  stimulate  production,  however.  Export  duty  has  been 
suspended,  and  special  terms  are  given  to  prospectors  and 
as  regards  mining  rights.  Turning  to  the  statistics  of  the 
Straits  Settlements,  more  light,  is  obtained  with  regard  to  the 
supply  of  wolfram  from  the  Malay  Peninsula  and  Archi- 
pelago. The  total  value  of  the  exports  for  three  years  was 
as  follows  ：  1913，  £74,638  ；  1914，  £54,130;  1915，  £69,900. 
Wolfram  was  imported  into  the'  Colony  from  the  fallowing 
countries :  ―  1918        1914  1915 

,  Tons.       Tons,  Tons. 

Burma    115    -..      28    ...  22 

British  Malay  States    268    …    230    ...  220 

Siamese  Malay  States    270    ...    179    ...  266 

Dutch  Islands    ―    …      一    …  18 

It  is  interesting  to  note  to'  which  countries  tlie  wolfram 
was  exported,  and  the  principal  purchasers  are  given  below  : 

1913  1914  1915 
Tons.       Tons.  Tons. 

Beli^inm    21    ...     ——    • .  •  —— 

France    129    ...    103    ...  182 

Germanv    527    ...  ； 307    ... ― 

United  Kingdom    5    ...      76    •••  400 

It  should  be  explained  that  the  excess  of  exports  over 
imports  is  not  due  to  the  mining  of  wolfram  in  the  Straits 
Settlements,  but  to  its  extraction  from  the  tin  ore  sent  for 
treatment  to  the  great  tin-smeltiiig  establishments  in  the 
Colony. 
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college  for  testing  purposes  by  the  McLaughlin  Motor-car 
Company  of  Osliawa,  Ont.  This  is  a  stock  motor  from  the 
" D55  "  model  car,  and  no  changes  of  any  kind  were  made 
in  tjie  standard  equipment,  excepting  the  substitution  during 
part  of  the  tests  of  a  Zenith  carburetter  for  the  Marvel  car- 
buretter, which  is  usually  used  on  this  motor.  The  A.L.A.M. 
or  S.A.E.  rating  of  the  motor  is  337  li.p. 

Purpose  of  the  Tests. ― The  objects  aimed  at  in  making 
these  tests  may  be  briefly  summarised  as  follows  •.  (1)  To 
obtain  the  power  output  and  torque  of  the  motor  at  various 
speeds,  with  wide  open  throttle.  (2)  To  determine  the  fuel 
consumption  of  the  motor  at  various  speeds  and  loads  with  the 
best  carburetter  adjustment  that  would  give  steady  running 
under  all  conditions  likely  to  be  met  with  in  service.  (3)  To 
compare  the  efficiency  and  power  output  when  using  the 
Zenith  and  Marvel  carburetters.  (4)  To  determine  the  power 
】ost  in  friction  and  used  up  in  driving  the  ignition  dynamo 
fan  and  centrifugal  pump,  &c.  (5)  To  determine  the  effi- 
ciency of  the  transmission  on  the  indirect  drives. 

Apparatus  and  Testing  M etliods. ― A  No.  2  Fronde  water 
dynamometer  was  used  for  absorbing  and  measuring  the  power 
developed.  Speeds  were  taken  by  means  of  a  speed  counter 
attaclied  through  a  reduction  gear  to  the  brake  shaft.  A 
tachometer  was  used  to  adjust  the  speed,  but  the  more  accu- 
rate readings  of  the  speed  counter  were  used  in  all  calcula- 
tions. The  fuel  was  measured  volumetrically  in  calibrated 
glass  cylinders.  Tests  were  of  such  duration  that  the  fuel 
reading  may  be  considered  as  accurate  to  within  1  per  cent. 
Checking  testb  showed  results  agreeing  within  this  limit  in 
nearly  all  cases.  The  cooling  water  temperature  at  inlet  was 
approximately  50°  Fah.  in  all  tests.  The  flow  was  regulated 
so  as  to  give  an  outlet  temperature  of  160。  to  170°  Fah.  in  all 
tests.  The  throttle  arm  was  provided  with  a  tapered  pin, 
which,  fitting  into  the  holes  on  a  plate  attaclied  to  the  engine 
frame,  made  it  possible  to  fix  the  throttle  accurately  on  any 
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reqiuled  position,  and  to  bring  the  throttle  back  to  a  position 
previously  used,  wlien  desired.  All  tests  were  made  with  the 
fan,  pump,  and  ignition  dynamo  driven  by  the  engine.  Tlie 
brake  horse-power  as  calculated  are  therefore  the  net  horse- 
powers as  delivered  to  the  drive  shaft  of  the  car. 

Ma.rif/nfm  Poiver  Tests, —— The  result  of  the  niaximiml  , 
power  tests  using  the  two  carburetters  is  shown  in  Fig.  1.  It 
must  be  noted  that  for  the  Marvel  tests  a  "  maximum  power  " 
setting  of  the  carburetter  was  used.  The  Marvel  "  maximum 
power  ，，  setting,  however,  is  not  the  one  used  for  the  fuel 
economy  tests  plotted  on  Fig.  3.  The  Zenith  power  curve, 
Fig.  1,  on  the  other  hand,  is  that  obtained  with  the  same  jet, 
sleeve,  and  well  as  used  for  the  economy  tests  shown  on  Fig.  4. 
When  a  slightly  larger  jet  is  substituted  in  the  Zenith  for 
til  at  used  daring  the  economy  tests,  the  power  curve  obtained 
coincided  approximately  with  that  obtained  for  the  Marvel 
carburetter.  The  two  carburetters,  therefore,  give  about  the 
same  power  output  when  both  adjusted  for  maximum  pov)er. 
The  speed  of  the  maximum  power  is  about  1,850  revs,  per 
minute.  At  this  speed  the  engine  develops  60*9  h.p.  The 
maximum  torque  is  obtained  at  1,100  revs,  per  minute.  At 
this  speed  the  brake  M.E.P.  is  about  971bs.  sq.  in.  At  the 
speed  for  maximum  power  output  the  brake  M.E.P.  is 
79'51bs.  sq.  in.  The  engine  develops  its  maximum  horse- 
power at  a  car  speed  of  about  55  m.p.h.,  and  maximum  torque 
at  about  32  ni.p.h.  when  using  the  direct  drive.  The  engine 
develops  its  A.L.A.M.  or  S.A.E.  rating  at  800  revs,  per 
minute,  with  a  piston  speed  of  667ft.  per  minute.  At  1,000ft. 
per  minute  piston  speed  the  power  delivered  is  47  b.h.p.,  or 
about  40  per  cent,  in  excess  of  the  rating. 

Fvel. ― The  fuel  used  was  an  ordinary  grade  of  commer- 
cial gasoline  of  density  65°  Beaume.  The  higher  calorific 
value  as  given  by  the  Parr  calorimeter  was  approximately 
19,400  B.T.U.  per  pound.  The  lower  calorific  value  is  pro- 
bably about  18,600  B.T.U. ,  though  this  was  not  determined. 

Fud  Economy  Tests. — Tests  were  first  made  using  the 
Marvel  carburetter,  with  a  maximum  power  setting.  The  fuel 
consumption  averaged  from  15  to  20  per  cent,  higher  than  the 
consumption  in  the  tests  plotted  on  Fig.  3，  which  were  made 
after  careful  readjustment  of  the  carburetter.  In  making 
this  readjustment  the  aim  was  to  secure  a  setting  which  would 
give  good  economy  at  all  loads  and  speeds  liable  to  be  met 
with  in  actual  service,  and  at  the  same  time  to  ensure  steady 
firing  over  the  whole  range.  As  a  whole  it  is  more  nearly  a 
maximum  economy  setting  than  a  maximum  power  setting, 


TESTS  OF  A  MODERN  TOURING-CAR  ENGINE. 

HY  G.  h.  r'lHLLET,  lU.SC. 

This  report  contains  the  results  of  tests  made  by  tlie  Mechani- 
cal Departinent  of  the  Faculty  of  Applied  Science,  Queen's 
Universitv,  Kingston,  Ontario,  during  the  season  of  1915- 
1916.       ^  ^ 

The  engine  was  a  six-cylinder  S^in.  by  5iii.  1916  model, 
Buick  automobile  engine,  with  overhead  valves,  loaned  to  the 
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since  at  many  points  in  the  range  of  speeds  and  loads  a 
further  reduction  in  the  consumption  of  2  or  3  per  cent,  could 
be  obtained  in  the  laboratory  without  missing.  The  writer 
does  not  believe  that  a  true  maximum  economy  setting  could  be 
used  in  practice,  however,  because  the  mixture  for  maximum 
economy  is  so  weak  that  missing  would  be  bound  to  occur 
when  atmosplieric  conditions  varied  slightly.  Hence  a  prac- 
tical setting  for  best  all-round  service  should  be  intermediate 
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between  a  inaxinium  power  and  inaxiiniun  fuel  economy 
set  t  ing.  Reference  to  t  his  j)oiiit  will  he  i"mlr  lator  ()"  in  con- 
nection with  the  test  plotted  on  Fig.  5. 

Tlie  writer  is  satisfied  that  the  results  plotlcd  on  Figs.  ,3 
and  I  are  about  the  best  that  could  be  obtained  usiii^  a  single 
('arl)uretter  adjustment  for  all  speeds  and  loads.  Any 
further  reduction  of  the  fuel  supply  will  cause  missing  to 
occur  at  some  point  in  tlie  range  of  speeds  and  loads  employed. 
The  settings  used  are  indicated  on  the  diagrams.    A  well,  not 
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of  standard  size,  was  employed  iu  the  Zenith  during  the  tests 
as  noted  on  Fig.  4.  The  well  orifice  is  not  round,  hence  the 
diameter  given,  'OOSSiii.,  is  only  roughly  correct.  The  con- 
struction of  the  Zenith  carburetter  is  so  well  known  as  to 
require  no  explanation  here.  In  the  Marvel  carburetter  there 
are  two  adjustments  provided,  the  gasoline  needle  valve  or 
" low-speed  "  adjustment  at  the  bottom  of  the  carburetter  and 
the  air-valve  tension  screw  for  "  high-speed  "  adjustment  on 
the  upper  part  of  the  carburetter.  The  high-speed  nozzle, 
located  below  the  air  valve,  is  non-adjustable.  The  air  around 
the  engine  had  a  temperature  of  from  80°  to  90°  Fall.  Since 
the  Zenith  has  no  hot  jacket  it  was  probably  working  under 
a  slight  disadvantage  as  compared  with  the  Marvel,  which  has 
the  warming  jacket,  and  therefore  needs  little  hot  air. 

Comparing  the  curves  of  Figs.  3  and  4，  tlie  following 
points  will  be  noted:  (1)  That  below  an  output  of  15  li.p.  the 
two  carburetters  give  about  the  sam e  ccmsumptiou.  (2)  That 
from  15  li.p.  upwards  tlie  Zenith  shows  the  higher  economy. 
The  difference  in  fuel  cons  a  mptioii  in  favour  of  the  Zenith  is 
about  15  per  cent,  at  25  h  p.  output,  10  per  cent,  at  35  li.p. ， 
6  per  cent,  at  45  h.p.,  and  3  per  cent,  at  55  li.p.  It  will  be 
seen,  therefore,  that  the  Zenith  shows  a  decided  superiority 
at  the  loads  which  are  most  used  in  actual  service.  As  pre- 
viously noted,  the  maximum  power  output  is  about  the  same 
when  both  carburetters  are  adjusted  either  for  maximum 
power  or  best  economy. 

From  the  form  of  the  curves  iu  comparison  with  those 
obtained  on  similar  tests  made  by  reputable  parties,  the 
writer  believes  that  the  Zenith  construction  combined  with 
proper  adjustment  gives  a  mixture  of  practically  uniform 
strength  over  the  whole  range.  The  Marvel,  on  the  other 
hand,  when  adjusted  for  best  results  at  low  and  high  powers, 
gave  a  stronger  and  less  economical  mixture  at  medium 
powers.  It  did  not  seem  possible  to  remedy  this  by  readjust- 
ment. This  carburetter,  as  already  noted,  lias  only  two  adjust- 
ments. Closing  the  needle  valve  on  the  main  jet  improved 
tlie  economy  at  medium  powers,  but  caused  the  mixture  to 
become  too  weak  at  small  powers.  On  the  other  hand,  reduc- 
ing the  tension  on  the  butterfly  valve  spring  gives  more  econo- 
mical consumption  at  medium  load,  but  weakened  the  mixture 
too  much  at  small  and  full  powers.  This  indicated  that  a 
^^tiffer  spring  was  needed,    Since  these  tests  were  made  the 


writer  is  informed  t  hat  t  he  springs  on  \  ho  Marvel  carr)iiro1 1  ers 
lor  t his  motor  liave  Ixien  altered,  aiul  iUv  Mcliaii^lilin  (V)m- 
pany  claim  that  the  ocoiioiny  has  l\\vAO.\)y  l)(ie»i  riii"'li  improved. 

Ill  developing  a  given  amount  of  power,  11  lis  is  always 
done  most  economically  by  i，Hing  a  low  speed  and  heavy 
torque  in  preference  to  liigher  speed  coupled  witli  lighter 
tor<|ue.  For  example,  referring  to  Fig.  4，  when  developing 
25  h.j),  at  625  revs,  per  minute,  the  fuel  consumption  is 
(Curve  A)  'G2Ib.  per  brake  horse-power  hour.  To  develop  ilie 
same  power  at  1,450  revs,  per  minute  (Curve  F)  t he  consunip- 
tion  is  'ZSlb.  per  brake  horse-power  liour.  This  explains  tlie 
higher  fuel  economy  witli  a  liigh  ratio  as  compared  wiili  a 
low  gear  ratio. 

Ill  making  the  fuel  economy  tests,  the  tests  were  divided 
into  several  series,  each  series  being  run  at  speeds  as  nearly 
the  same  as  possible.  A  curve  is  plotted  for  each  series  on 
Figs.  3  and  4.  The  speeds  were  chosen  to  cover  the  range 
liable  to  be  used  iu  practice  as  far  as  possible,  though  it  was 
found  impracticable  to  run  at  less  than  600  revs,  per  minute 
oil  account  of  tlie  difficulty  of  securing  satisfactory  operation 
of  the  brake  at  lower  speeds.  However,  600  revs,  per  minute 
correspond  to  only  about  17  m.p.h.  on  the  direct  drive,  and 
if  the  curve  for  lower  speeds  were  needed  it  could  be  estimated 
pretty  accurately  from  the  fonn  and  position  of  the  other 
curves.  The  usual  curve  given  for  the  performance  of  auto 
engines  is  the  "  full-load  "  consumption  curve,  which  is  of 
little  use  in  determining  tlie  carburetter  economy,  since  the 
engine  is  very  seldom  used  with  wide-open  throttle.  The 
curves  of  Figs.  3  and  4  show  the  consumption  for  any  power 
at  any  speed,  and  are  therefore  a  much  better  criterion  for 
the  judgment  of  carburetter  performance. 

A  ut(unatic  Spark  A  dvance. ― This  engine  is  equipped  with 
a  Delco  starting,  lighting,  and  ignition  system.  The  spark 
is  advanced  automatically  by  a  centrifugal  governor  as  the 
engine  speed  increases.  A  hand  control  is  also  provided  for 
use  under  exceptional  conditions.  Maximum  power,  indi- 
cating correct  spark  timing,  was  always  obtained  with  the 
spark  lever  full  advanced  except  when  running  with  maxi- 
mum torque  at  low  speeds.  At  full  throttle  and  speeds  up  to 
1,200  revs,  per  minute,  the  engine  gave  highest  power  witli 
the  spark  lever  retarded,  the  retard  amounting  to  about  20° 
from  position  of  full  advance.  For  best  results  at  full  throttle 
this  angle  of  retard  decreases  slightly  as  the  speed  increases, 
and  became  zero  at  about  1,800  revs,  per  minute.    This  may 


i6 
15- 
M. 
i3. 

II. 


LU  "8 


6- 


O. 


.4- 


14 


10 
OB 

6 

5 


iO  eO  30  4U 

BRAKE    HORSE  POWER 


be  explained  by  reference  to  the  fact  that  at  full  torque  the 
iiuxtiire  is  more  dense,  burns  more  quickly,  and  hence  does 
not  require  to  be  ignited  as  early  as  when  running  with  tlie 
engine  throttled.  Since  the  spark  advance  is  governed 
entirely  by  the  engine  speed  in  this  device,  high  and  low 
torque  conditions  cannot  be  allowed  for,  and  doubtless  it 
would  not  be  worth  while  to  attempt  to  do  so  in  any  case. 
Tlie  conclusion  arrived  at  was  that  the  automatic  control  per- 
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forms  its  f miction  very  well  and  tliat  the  driver  of  tlie  car 
would  only  need  to  use  the  hand  control  wlien  going  up  a  hill 
at  low  speeci. 

《""r  Kfpcn  noj  7V.v/,v,—  Tests  were  made  to  determine  the 
efficiency  of  the  transmission.  Tt  was  found  that  the  brake 
would  not  produce  enough  torque  to  keep  the  engine  speed 
down  to  a  iiioderate  value  when  driving  thiongli  the  low- 
speed  gears,  which  have  a  reduction  of  3.36  to  1.  Conse- 
(|ueiitly  the  tests  were  made  onlv  on  the  intermediate  speed 
with  a  reduction  of  1.504  to  1.  The  method  employed  was 
as  follows  ：  A  test  、vas  made  at  a  certain  speed  and  load, 
nsino^  the  direct  drive.  Without  any  change  in  the  engine 
ad just'!;ents  a  test  was  run  imniediatelv  after,  maintaining 
the  same  engine  speed  and  driving  the  brake  through  the 
intennediate-speecl  gears.  The  ratio  of  the  liorse-powers 
obtained  at  the  brake  in  two  tests  is  a  measure  of  the  gear 
efficiency.  This  is  true  under  the  assumption  that  the  engine 
output  in  the  two  tests  is  the  same "- an  assumption  which  is 
correct  if  proper  care  is  taken  to  keep  the  working  conditions 
constant. 

A  large  number  of  pairs  of  tests  made  in  this  way  at  con- 
stant torque  and  varying  speeds  showed  very  consistent 
results.  The  gear  efficiencies  obtained  varied  from  95'5  to  97 
])er  cent,  wlieii  transmitting  seven-eighths  of  the  maximum 
torque,  an  extremely  good  result.    Repeated  tests  showed  no 
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practical  variation  in  the  efficiencies.  When  in  second  speed 
the  drive  is  transmitted  through  a  pair  of  gears  to  a  jack- 
shaft,  and  thence  tlirough  another  pair  of  gears  to  the  driv- 
ing shaft  coupled  to  the  brake.  The  results  indicate  tliat  the 
loss  in  each  pair  of  gears  is  of  the  order  of  2  per  cent,  of 
the  power  transmitted.  The  total  loss  is  about  1  li.p.  The 
efficiency  remained  practically  constant  over  the  range  of 
speeds  covered,  viz.,  from  70()  to  1,350  revs,  per  minute. 

M f  rhnii i((d  Efficienrij  7V  . 、■/.、■. ―- The  method  employed  is 
t  liat  used  by  Clerk,  Hopkiuson,  and  others.  Only  three  sets  of 
tests  were  made,  the  first  being  at  light  load  and  low  speed, 
ilie  second  at  a  moderate  torque  at  medium  speed,  and  the 
third  with  a  nearly  maximum  torque  at  high  speed.  The 
results  indicate  that  at  full  load  the  efficiency  is  over  85  per 
cent.,  decreasing  to  about  75  per  cent,  at  quarter  load.  In 
making  these  tests  it  was  noted  that  it  made  little  difference 
wliicli  cylinder  was  short-circuited,  sliowiug  that  there  was 
very  little  difference  in  the  power  production  of  the  various 
cylinders.  This  would  indicate  that  'the  inlet  and  exhaust 
manifold  design  is  good,  and  tliat  tlie  compression  ratio  is 
uniform  for  all  cylinders. 

Tests  i(}  iJeierifiine  the  Kffrrt  on  /'，〃,'/  Kvou o niy  niuKal  hij 
us'nuj  M irtirres  of  Vftrloits  Sire/tf/ihs. —— This  series  of  tests  was 
run  at  a  constant  speed  of  1,025  revs,  per  minute  and  at  half 
throttle  opening,  corresponding  to  about  ' seven-eighths  of 
maximum  torque.  Tlie  mixture  was  varied  by  altering  the 
opening  of  tlie  needle  valve  on  the  Marvel  carburetter,  a  test 


heiug  Jiiade  for  earli  position.  The  weakest  mixture  and  tlie 
strongest  mixtures  used  caused  misfires,  so  that  the  tests  cover 
the  whole  range  over  which  the  engine  would  run  steadily. 
From  tliese  tests,  the  results  of  which  are  plotted  on  Fig.  5， 
the  following  facts  may  be  deduced  ：  (1)  The  highest  fuel 
economy  is  obtained  with  the  weakest  mixture  which  will  fire 
regularly.  (2)  That  the  mixture  for  maximum  power  is  much 
stronger  tlian  tliat  for  maximum  economy.  (3)  That  the 
maximum  economy  setting  (needle  valve  opened  about  105°) 
the  fuel  consumption  per  brake  horse-power  is  about  82  per 
cent,  of  that  obtained  with  maximum  liorse-power  setting, 
(4)  That  the  maximum  fuel  economy  setting  gives  a  brake 
horse-j)ower  output,  of  about  87  per  cent,  of  that  obtained 
with  tlie  niaxinuim  horse-power  setting.  (5)  That  the  fuel 
supplied  may  be  varied  about  30  per  cent,  without  causing 
the  engine  to  miss. 

The  numerical  values  given  would  doubtless  vary  some- 
what witli  the  load  and  speed  conditions.  For  example,  at 
very  light  loads,  with  a  mixture  at  lower  pressure  and  tem- 
perature, the  range  over  which  regular  firing  would  take 
place  is  doubtless  narrower.  Steady  running  is,  therefore,  a 
pool'  criterion  for  carburetter  adjustment.  To  adjust  the  car- 
buretter for  maximum  power  means  that  the  fuel  consump- 
tion will  be  about  1*25  of  that  which  would  be  obtained  with 
a  true  maximum  economy  setting,  and  at  least  1']5  times  that 
which  would  be  obtained  with  a  practical  setting,  i.e.,  one 
allowing  a  margin  for  cold  weather,  &c.  But,  as  already 
pointed  out,  the  acceleration  would  undoubtedly  be  less  rapid 
with  an  economy  setting,  especially  as  nearly  all  carburetters 
have  a  tendency  to  give  a  weaker  mixture  for  an  instant  after 
the  throttle  is  opened.  It  is  a  well-known  fact  that  the 
modern  gasoline  engine  works  at  its  maximum  efficiency  with 
a  weak  mixture.  A  stronger  mixture,  however,  gives  maxi- 
mum power.  Hence  when  a  carburetter  is  adjusted  by  setting 
it  so  that  the  engine  "  runs  best/'  the  fuel  consumption  will 
be  considerably  higher  than  necessary.  It  would  appear  that 
a  great  many  carbiu^tters  are  adjusted  in  this  way.  This 
accounts  for  the  improved  economy  which  is  obtained  in  many 
cases  by  tlie  attaclunent  of  a  spring-loaded  check  valve  to  the 
intake  manifold,  supplying  additional  air  when  the  vacuum 
ill  the  manifold  reaches  a 】noderate  value.  These  valves  are 
sold  at  fancy  prices  under  various  trade  names,  and  while 
tliey  no  doubt  do  improve  the  economy  when  the  carburetter 
was  originally  adjusted  to  supply  a  rich  mixture,  they  pro- 
duce results  which  could  quite  as  well  be  obtained  by  readjust- 
ment of  the  carburetter  itself. 


Institution  of  Naval  Architects  :  Admission  of  Students. 一 The 

Council  of  the  Institution  of  Naval  Architects  is  prepared  to 
consider  applications  from  persons  desirous  of  joining  the 
institution  as  students.  Candidates  must  be  between  the 
ages  of  18  and  25  at  the  time  of  election,  and  must  be  either 
apprentices,  articled  pupils,  or  students  in  naval  architec- 
ture or  marine  engineering.  The  Council  administers  certain 
scholarsliips  in  naval  architecture  of  the  annual  value  of  £100 
(tenable  for  three  years),  which  are  offered  annually  for  com- 
petition among  students  of  the  institution  who  are  between 
18  and  21  years  of  age.  A  post  graduate  scholarship  in  naval 
architecture,  of  the  annual  value  of  £200  a  year  and  tenable 
for  two  years,  is  also  offered  annually  by  the  Royal  Commis- 
sioners of  the  Exhibition  of  1851,  and  awarded  on  the  recom- 
mendation of  tlie  Council  of  the  institution.  Candidates 
must  be  British  subjects  imder  30  years  of  age,  and  must  be 
nominated  for  the  purpose  by  tlie  Board  of  the  university  or 
college  at  which  tliey  have  graduated.  The  Sir  William 
White  research  scholarship  in  naval  architecture,  of  the  annual 
value  of  £100，  lias  recently  been  established,  and  will  be 
thrown  open  to  competition  after  the  conclusion  of  the  war. 
A  gold  medal  and  a  ])remium  of  books  or  instruments  are 
offered  annually  for  the  best  original  communications  con- 
tributed to  tlie  transactions  of  the  institution  by  authors 
wl】o  are  not  members  of  Council.  Full  particulars  of  the 
above  scholarships,  and  of  the  qualifications  required  for 
admission  to  the  institution,  may  be  obtained  from  the  secre- 
tary, Institution  of  Naval  Architects,  ，「)，  .Adelpln  Terrace^ 
London,  W.C. 
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TOOL-HOLDING  DEVICE  FOR  LATHES. 

Mk.  F.  .1.  Tayi  oi;,  "  Oakwood,"  liriloii  Kcny,  (i lauiorguii, 
lias  recently  (Irsii^iunl  ami  patented  I  ho  1  ool  holdiiijj;  device 
shown  ill  t  lu'  a(v')m i);myiiig'  cuts.  T1k、  t'ml  liolilcr  is  ol*  I  lie 
kiiul  w  liich  allows  ut'  aivurai t^ly  mount in^  a  number  of  tools, 
tvu'h  of  w  hirli  per lorins  a  dillViHMit  optM-al  ion,  some  ot*  I  he 
operations  being  brougiil  about  by  a  simple  straight-line 
feed  of  the  tool  head  and  others  bein^^  brought  about  by 
turning  ii  tool  on  the  holder  into  operative'  position,  as  for 
example  when  the  feed  of  the  tool  head  has  ceased.  Fig.  1 
is  ii  plan  of  the  tool  holder  fitted  with  four  tools  adapted  to 
machine  the  nose  of  a  projectile,  a  portion  of  the  latter 
being  shown  in  section.  Fig.  2  is  a  side  elevation  of  Fig. 】 ； 
Fig.  3  is  an  end  elevation  of  Fig.  '2  ；  and  Fig.  4  is 
ail  end  elevation  of  the  disc  tool  seen  in  Fig.  2.  The 
holder  which  is  adapted  for  us©  in  an  ordinary  engine 
lathe  or  for  j)la('iiig'  on  flat  turrets  consists  of  a  thick  plat©  A 
having  projections  B  formed  at  an  angle  somewhat  greater 
t hail  no^  to  the  side  C  lying  between  these  two'  corners.  A 
slot  1)  is  provided  for  the  reception  of  the  shank  of  a  tool  E， 
the  end  of  which  is  bent  round  so  as  to  bring  the  cutting  edge 
into  position  for  counter-boring  or  cutting  a  cylindrical  sur- 
face when  the  holder  is  fed  in  the  direction  of  the  axis  of 
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tlie  work  G.  A  bar  H  of  circular  cross  section  is  passed 
through  a  hole  in  the  plate  A，  and  its  front  end  has  mounted 
upon  it  a  cutter  J，  which  can  be  turned  into,  or  out  of,  cut- 
ting position  by  giving  a  partial  turn  to  the  bar  H  in  one 
direction  or  the  other.  This  will  be  readily  understood  from 
Fig.  4  in  which  the  tool  J  is  seen  in  cutting  position.  A 
collar  K  is  formed  oii  the  bar  H  near  its  rear  end  and  this 
collar  bears  against  the  rear  end  of  the  holder  A，  the  bar  H 
being  held  in  position  by  a  bracket  L  bolted  to'  the  rear  eud 
of  the  holder  so  as  to  press  against  the  rear  face  of  the  collar 
K，  the  bracket  having  an  aperture  for  the  rear  eud  of  the 
bar  to  pass  through.  The  rear  extremity  of  the  bar  H  is 
provided  with  a  handle  N  by  means  of  which  the  bar  in  ay 
be  turned.  A  guide  and"  stop  device  O  is  bolted  to  the  holder 
for  guiding  the  lever  N  and  limiting  the  amounl  oi  tuniiiig- 
iiioveMieiit  imparted  ther^<xj.  Each  of  the  projections  B  is 
formed  with  a  slot  and  provided  with  means  for  holding  a 
tool  therein,  the  tools  U,  S  when  mounted  })eiug  directed 
inwardly  towards  the  centre  line  and  forward ly  at  a  conve- 
iiient  angle.  The  tool  R  in  llie  horn  B  has  its  cutting  edge 
suitably  formed  and  arrajiged  for  producing  the  lip  or 
shoulder  T，  and  the  tool  S  has  its  cutting  edge  suitably 
formed  and  arranged  for  producing  the  chamfer  seating  U. 
The  holder  A  in  an  engine  or  flat  turret  lathe  is  niounted 
upon  jr  suiial)le  sliclc'  rest ,  flat  t^urrcl ,  or  ol  lier  feeding  device, 
so  Uiai  its  centre  line  coiacicley  with  U:(:  axis  of  the  work  G 
in  the  chuck. 


THE  INSTITUTION  OF  CIVIL  ENGINEERS. 

IMtKSlDKNTIAL    A  IJ  DllKSS. 

(('OncI  11(1  <(l  I  mm  -〉' 人 、) 

A  voun"r  (>n;^nne(M's  should  I  ； i ko  ('vci'v  opporf  miit  y  of 
carrying  out  experimental  woi'k.  Such  oppoi  t  unities  in-rwv 
on  nearly  every  uiid eriakiiig.     It  not  Ik;  original  work, 

as  that'  is  not  always  possible,  hut  even  t  lie  re])elif  ion  of  work 
previously  done  gets  one  interested  and  accustomed  to  that 
class  ol'  work,  and  it  may  be  the  means  of  correcting  and 
enlarging  the  work  clone  by  others.  The  great  help  in  this 
kind  oi'  work  is  the  cultivation  of  observation.  Indeed,  if 
our  eyes  are  open  we  may  often  see  experimental  investigation 
being  carried  out,  often  in  the  streets,  especially  in  and  near 
large  cities  like  London. 

I  mentioned  in  this  institution,  some  time  ago,  that  I 
hoped,  when  the  finances  of  the  institution  liad  recovered 
from  the  effect  of  the  large  expenditure  on  our  new  building, 
consideration  might  be  given  to  setting  aside'  an  annual 
amount  for  certain  experitnental  work.  We  have  in  the  past 
subscribed  largely  to  experimental  work  at  the  National 
Physical  Laboratory,  and  to  work  undertaken  by  committees 
of  iiiembei's  of  the  institution,  but  the  idea  1  had  was  on 
rather  different  lines.  Very  frequently  the  engineer  in  charge 
of  works  or  shops  sees  opportunity  lor  carrying  out  experi- 
mental work  with  very  little  money  expenditure,  but  fre- 
qiieutly  that  small  amount  of  money  cannot  be  found.  If 
there  were  a  fund  available  from  which  grants  could  be  made 
in  such  cases  for  certain  definite  experimental  work,  I  con- 
sider it  would  be  very  valuable,  both  to  the  members  as  a 
body  and  to  the  member  carrying  out  the  investigation.  In 
the  latter  case  the  member  would  discover  that  he  got  more 
real  knowledge  by  carrying  out  a  small  piece  of  experimental 
work  himself  than  if  lie  had  read  about  10  times  the  amount 
of  work  carried  out  by  other  persons. 

A  quality  which  an  engineer's  work  frequently  develops 
is  that  of  organisation,  and  this,  if  cultivated,  frequently 
leads  to  very  high  positions.  We  have  seen  in  this  country, 
and  also  in  America  and  the  East,  engineers  who  possess  the 
faculty  of  organisation  in  control  of  some  of  the  largest  rail- 
way systems.  No  large  enterprise  can  be  carried  out  success- 
fully without  capable  organisation.  Engineers  who  have,  or 
who  develop,  this  quality  may  often,  although  not  endowed 
with  exceptioual  engineering  ability,  attain  to  positions  not 
open  to  those  who  are  devoted  to  engineering  work  solely.  I 
think  I  am  hardly  wrong  in  sayiug  that  our  most  successful 
contractors  owe  their  success  in  great  measure  to  their  orga- 
nising capacity,  and  engineers  with  the  same  quality  are 
indispensable  to  theui. 

I  think  I  have  said  enough  to  show  young  engineers  that 
success  depends  on  many  matters  besides  knowledge  of  engi- 
neering, and  that  even  with  a  moderate  knowledge  of  it  other 
qualities  /nay  be  developed  which  comiiiaiid  a  iiigh  money 
value  and  are  the  means  of  attaining  to  important  positions. 

There  now  comes  probably  the  most  difficult  question  of 
all  for  a  young  engineer,  the  chance  which  makes  him  known, 
the  opportunity  by  which  he  can  show  that  his  qualities  have 
been  undervalued.  There  are  many  curious  ways  in  which 
this  opportunity  arises.  He  may  work  steadily  for  many  years, 
and  it  may  suddenly  come  in  the  most  unexpected  way,  and  it 
generally  does  come  once  if  deserved.  1  read  a  short  tiine  ago 
ill  a  Canadian  engineering  journal  an  article  headed,  "  What 
is  Luck  ？"  and  1  quote  tlie  following  from  it:  "You  often 
hear  it  said,  '  That  fellow  is  certainly  lucky.'  As  a  rule  tlie 
luck  ill  his  case  consists  in  getting  up  at  six  in  the  morning, 
living  on  half  what  lie  earns  or  less,  meeting  his  appoiutnieiity, 
iniuding  his  own  business,  working  like  Sam  Hill,  and  always 
keeping  an  eye  on  the  track  ahead.  There  may  be  exceptions, 
but  this  is  tlie  general  rule."  I  do  not  think  this  quotatioji 
is  a  good  definition  of  luck,  but  it  is  a  very  good  one  of  tlie 
road  along  which  luck  is  generally  found  travelliug. 

I  am  not,  however,  going  further  into  this  question  to- 
night, except  to  point  out  that  I  am  not  at  all  sure  that  young 
engineers  realise  the  importance  of  attending  the  meetings, 
joining  in  tlie  discussions,  and  contributing  papers  to  this  and 
other  institutions.    1  don't  think  L  luu'e  ever  written  a  paper, 

*  Delivorud  by  Sir  Maurice  i'lLzuiuuricc,  C.M.U.,  M.A.,  M.A.I.,  -L-ij-l^-,  November 
7tb,  1916. 
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or  got  out  notes  for  a  discussion,  without  discovering  that 
there  were  several  points  on  which  my  information  was  defi- 
cient ill  some  particular,  which  otherwise  I  should  not  have 
known  it  was  necessary  to  look  further  into.  It  is  extremely 
difficult  ill  many  cases  for  even  a  very  good  young  engineer  to 
get  himself  known,  and  the  reading  of  papers  and  joining  in 
discussions  is  almost  the  only  legitimate  form  of  advertisement 
open  to  him.  I  can  briiis^  to  mind,  in  my  own  experience, 
two  cases  where  speaking  at  this  institution  was  the  means  of 
obtaining*  two  excellent  appointments.  I  happened  to  be 
particularlv  impressed  by  the  practical  remarks  made  here  by 
two  young  engineers  whom  I  had  not  kjiowii  or  heard  of  before. 
Very  shortly  afterwards  1  was  asked  to  suggest  men  for  two 
good  posts,  and,  after  I  had  made  a  little  enquiry,  I  recom- 
mended these  t、vo  men.  They  fully  justified  their  selection, 
and  I  think  are  now  on  their  way  to  high  places  in  the  profes- 
sion. 

I  began  this  portion  of  my  remarks  with  the  idea  of  speak- 
ing on  the  want  of  success  in  individuals,  but  in  some  way  I 
seem  to  have  veered  round  to  speaking  of  a  few  of  the  ways  to 
success.  It  is  better  that  it  should  be  so  ；  it  is  a  much  more 
pleasant  subject. 

I  take  the  opportunity  of  saying  a  few  words  with  refe- 
rence to  the  difficulties  which  have  arisen  between  employers 
and  employed  in  recent  years,  as  being  matters  which  have  a 
good  deal  to  do  with  the  success  or  otherwise  of  engineering 
works.  During  the  period  of  the  war  it  has  been  extremely 
satisfactory  to  find  that  many  of  these  troubles  have  been 
shelved  for  the  time  being.  The  temporary  truce  lias,  how- 
ever, ill  some  cases  not  been  carried  out  so  far  as  one  would 
wish  and  expect,  bearing  in  mind  tlie  serious  struggle  in  wliicli 
we  are  engaged,  and  considering  that  everyone  should  bear 
some  share  of  the  loss  and  discomfort  which  war  entails.  We 
can,  however,  never  forget  the  great  part  played  by  labour 
and  labour  leaders  in  tliis  war,  and  we  must  remember  that 
nearly  all  labour  troubles  which  have  arisen  have  been  in 
direct  opposition  to  the  wish  and  advice  of  the  trade  union 
officials. 

It  is,  however,  with  reference  to  the  relations  between 
employer  and  employed  during  times  of  peace  with  which  I 
am  most  concerned  to-night.  We  had  at  this  institution, 
towards  the  end  of  last  session,  a  most  interesting  and  bril- 
liant lecture  which  dealt,  among  other  things,  rather  fully 
with  some  labour  questions.  I  did  not  agree  with  all  the  pro- 
positions then  laid  down,  but  many  of  them  were  such  as  to 
invite  serious  consideration. 

I  had  for  many  years  the  direct  control  of  a  large  body 
of  working  men,  and  have  had  opportunities  of  inside  know- 
ledge with  reference  to  many  labour  disputes  with  which  I 
had  no  direct  connection.  The  two  points  which  struck  me  as 
fundamental  in  nearly  every  case  were  that  the  employer 
； should  pay  a  good  living  wage,  and  that  the  em  ployed  should  do 
a  good  lionest  day's  work,  or  perhaps  I  should  say  in  some 
cases  an  lioiiest  week's  work.  The  so-called  '•  restriction  of 
output  "  policy  which  some  trades  indulge  in  seems  to  be  the 
first  step  in  a  most  vicious  circle.  It  certainly  does  not  lead 
the  employer  to  look  favourably  on  proposals  for  increase  of 
wages.  It  must  be  extremely  irritating  for  liini  to  know  that 
the  output  per  man  could  be  easily  increased  in  some  cases, 
without  undue  exertion,  and  that  under  such  conditions  he 
could  cheerfully  concede  an  increase  in  wages.  This  policy  is 
not  confined  to  ou r  own  islands  only. 

I  had  an  opportunity,  some  tirtie  ago,  of  discussing  the 
question  with  one  who  had  full  knowledge  of  labour  conditions 
in  a  certain  State,  and  he  informed  me  that,  during  10  years, 
wages  in  his  area  had  gone  up  40  per  cent,  and  the  output 
per  man  had  gone  down  30  per  cent.  The  general  conditions 
110  doubt  justified  the  increase  of  wages,  but  there  seemed  to 
be  no  reason  for  the  diminution  of  output. 

We  all  wish  to  see  labour  contented.  In  Burke's  speech 
in  1775  on  conciliation  with  America,  he  said,  "  The  question 
with  nie  is  not  whether  you  have  a  right  to  render  your  people 
iriiserable,  but  whether  it  is  not  your  interest  to  make  them 
lia[){)y."  T  think  that  expresses  our  view  witli  regard  to 
labour  to-day. 

it  is  impossible  to  expect  a  liigh  standard  of  duty  to  exist 
at  all  times  among  workmen  unleSvS  they  can  live  under  such 
conditions  as  will  allow  them  a  chance  of  bringing  up  their 


families  decently  and  making  some  adequate  provision  for 
old  age.  I  am  quite  aware  of  the  advantages  as  regards  free 
education,  medical  attendance,  out-of-work  benefits,  old-age 
pensions,  and  sometimes  free  meals  for  children,  wliicli  exist ; 
but  better  wages  than  those  existing  before  the  war,  with  a 
greater  feeling  of  responsibility  by  the  individual  would,  in 
my  opinion,  be  much  better  than  all  these  free  advantages, 
with  the  exception  of  that  of  education.  Organised  labour 
has  great  powers  and  correspondingly  great  obligations,  and 
it  ought  to  be  in  a  position  to  begin  these  obligations  at  home. 
If  obligations  and  responsibilities  do  not  exist  in  the  elemen- 
tary matters  there  is  very  little  chance  of  their  real  existence 
when  large  questions  have  to  be  solved. 

It  is  often  difficult  for  the  mass  of  labour  to  understand 
the  cost  of  finding  large  sums  of  money  to  finance  great  indus- 
tries, and  that  such  money  has  to  be  paid  for  out  of  profits. 
It  is  difficult  for  labour  to  realise  the  risk  which  capitalists 
have  to  take,  and  the  fact  that  in  many  works  large  sums 
are  spent  on  research  work  which  may  only  give  a  return  after 
a  long  period,  or  ； may  in  many  cases  appear  to  give  no  return, 
if  it  be  considered  that  negative  results  have  no  value,  whicli 
is  far  from  being  the  case.  It  is  also  sometimes  difficult  for 
labour  to  understand  that  the  work  and  organisation  of  one 
man  may  in  some  undertakings  mean  a  difference  in  profits  of 
hundreds  of  thousands  of  pounds,  or  the  difference  between 
success  and  failure,  and  that  such  men  and  their  immediate 
assistants  deserve  and  earn  the  large  sums  they  receive.  It  is 
on  these  accounts  that  labour  often  considers  that  it  does  not 
get  a  fair  share  of  the  profits.  I  do  not  mean  to  say  the 
profits  are  always  fairly  divided,  and  it  would  be  difficult  to 
say  what'  a  fair  division  should  be. 

T  also  do  not  believe  the  working  man  has  any  idea  how 
the  prosperity  of  this  country,  and  with  it  his  own  prosperity, 
depends  on  our  export  trade,  or  how  our  manufacturers  have 
had  to  meet  the  fiercest  and  sometimes  unfair  competition  of 
other  nations,  not  only  in  foreign  countries  but  in  our  overseas 
Dominions.  There  is,  however,  nothing  surprising  in  this 
want  of  knowledge  when  we  remember  that  very  few  of  us 
realised  a  few  years  ago  how  Great  Britain  was  exploited  by 
German  competition,  frequently  underhand  and  unfair,  with 
the  object  of  capturi)ig  our  vital  industries  and  getting  con- 
trol of  a  great  deal  of  our  finance  and  trade.  We  have,  how- 
ever, learned  a  great  deal  in  the  last  two  years,  and  I  think 
many  working  men  are  not  above  taking  interest  in  such 
questions. 

How  is  it  possible  permanently  to  raise  the  wages  of  the 
working  man  beyond  those  existing  before  the  war  ？  Is  it 
reasonable  to  expect  that  a  greatly  increased  output  per  man 
can  be  obtained  without  undue  exertion  ？  We  all  know  it  is 
possible.  It  means  that  employers  must  provide  the  best 
modern  machinery  and  that  men  and  trade  unions  must  give 
up  the  idea  of  restricting  output.  It  means  that  capital  has 
to  obtain  such  a  measure  of  the  confidence  of  labour  as  is 
necessary  to  convert  men  and  trade-union  officials  to  the  view 
that  increased  efficiency  will  be  to  their  great  advantage  and 
give  increased  comfort  and  health.  This  can  only  be  done 
when  it  can  be  shown  that  under  such  conditions  there  will  be 
plenty  of  work  to  go  round  for  all,  and  it  means  that  our 
trade  has  to  be  increased. 

This  leads  at  once  to  the  question  of  the  national  cam- 
paign for  maintaining  and  increasing  our  trade,  but  this  is 
outside  tlie  scope  of  my  address.  I  do  not  mean  to  say  that 
this  institution  is  not  a  place  to  discuss  questions  of  industrial 
and  commercial  policy.  On  the  contrary,  I  think  it  would  be 
well  if  we  gave  more  consideration  to  such  subjects,  and  many 
of  our  members  are  well  fitted  for  dealing  with  such  questions. 
I  may,  however,  say  that  it  is  a  source  of  much  satisfaction 
to  know  that  great  efforts  are  being  made  by  the  British 
engineering  industry  and  the  Government  to  be  ready  when 
the  time  comes.  I  hope  the  Government  will  not  be  above 
taking  the  advice  given  by  those  who  are  fully  conversant 
with  all  the  aspects  of  international  trade  competition.  I 
consider  one  of  the  most  hopeful  and  important  events  which 
lias  occurred  recently  in  connection  with  our  trade  is  tlie 
speech  of  the  Prime  Minister  in  the  J  louse  of  Commons  on 
August  2nd  last,  when  dealing  with  tlie  White  Paper  on  the 
proceedings  of  the  Economic  Conference  of  the  Allies,  held  in 
Paris  in  June  of  this  year.    Mr.  Asquith  gave,  in  the  begin- 
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uiny  of  his  speech,  the  two  main  objects  of  ilio  Conference. 
" One  was  to  ooiiviiico  the  enemy  lliat  the  Allies,  wiiatever 
tlieir  iiulividiuil  points  of  view  may  be  on  economic  matters, 
are  resolved  t o  wage  this  war  with  as  complete  unity  and 
detenuinaiion  in  the  economic  as  in  the  niilitary  spliere.  The 
second  object  was  to  make  such  preparation  for  the  period 
following  oil  a  declaration  of  peace  as  seemed  essential  to  the 
Allies  in  view  of  the  known  attitude  and  will  of  Germany.'* 

lie  d rew  special  attention  to  the  extraordinary  enterprise 
and  resourcefulness  shown  by  a  large  number  of  Bi'itish  indus- 
tries since  tlie  war  broke  out,  and  laid  particular  emphasis  on 
t  wo  tendencies.  "  The  first  is  the  development  of  trade  asso- 
ciations for  coniinoii  action  at  home  and  abroad  raising  the 
average  standard  of  production.  Tlie  second  is  the  recogni- 
tion of  the  leeway  which  we  have  to  make  up  as  regards  scien- 
tific research  and  the  utilisation  of  its  results  and  its  applica- 
tion to  teciuiical  and  industrial  purposes." 

He  concluded  his  speech  by  saying :  "No  one  who  has 
any  imagination  can  possibly  be  blind  to  the  fact  that  this  war, 
with  all  the  eiionnous  luilieaval  of  political,  social,  and  indus- 
trial conditions  which  it  involves,  must  in  many  ways,  and 
ought  to  if  we  are  a  rational  and  practical  people,  suggest  to 
us  new  problems  or  possibly  modifications  in  tlie  solution  of 
the  old  ones.  I  would  regard  it  as  deliberate  blindness  to  the 
teachings  of  experience  if  you  were  to  say  we  had  forgotten 
nothing  and  had  learned  nothing  from  a  war  like  this.  I 
trust  and  believe  we  shall  be  able  ...  to  work  out  a 
policy  of  common  action  which  will  make  the  peace  which  is 
to  come  at  the  end  of  this  war  a  lasting  peace  and  a  peace 
which  will  redound  not  only  to  the  credit  of  our  arms  but  to 
the  stability  of  our  industry  and  finance." 

I  make  no  apology  for  quoting  at  some  length  from  the 
Prime  Minister's  speecli,  because  it  can  only  mean  that  the 
whole  power  of  the  Government  will  be  placed  at  the  disposal 
of  our  trade  ：  that,  as  Mr.  Asquith  stated,  steps  will  be  taken 
to  ensure  protection  against  dumping  and  otlier  unfair  com- 
petition, and  that,  we  shall  never  again  be  dependent  on  enemy 
countries  as  regards  essential  industries.  It  means  that 
Australia  and  Canada,  wliose  representatives  attended  the 
Paris  Conference  and  approved  its  resolutions,  together  with 
our  other  Doininioiis  beyond  the  seas,  have  set  their  seal  to  a 
united  Empire^  for  purposes  of  peace  as  well  as  for  war. 

However  important  the  Prime  Minister's  declarations,  and 
however  necessary  the  help  of  Government,  I  attach  still 
greater  weight  to  the  spirit  which  is  at  present  animating  our 
commercial  leaders.  The  thorough-going  cleternunation  of 
our  manufacturers  to  organise  British  industries  for  more 
efficient  production,  and  the  steps  being  taken  for  pushing  our 
trade  outside  these  islands,  are  certainly  on  a  different  scale 
from  anything  previously  attempted.  The  first  part  of  the 
work  to  be  carried  out  is  put  so  clearly  and  shortly  by  the 
president  of  the  Federation  of  British  Industries  tliat  I  quote 
his  words.  The  objects  of  tlie  association  '  may  be  summed 
up  briefly  as  the  organisation  and  development  of  industry 
now  and  after  the  war  in  co-operation  with  labour  and  in  con- 
junction with  the  Government  and  Government  Depart- 
ments." 

I  hope  those  who  are  dealing  with  the  development  of  our 
ioreigii  trade  will  not  fail  to  include  among  other  matters 
full  consideration  of  the  important  question  of  the  adoption 
of  the  metric  system  of  weights  and  measures  in  this  country. 
This  system  is  obligatory  in  34  countries,  with  a  population 
of  437,000,000.  Ill  an  official  report  issued  by  the  Govern- 
ment of  the  United  States  this  year  I  find  the  following 
statement :  "  Coninierce,  technology,  and  science  have,  on 
account  of  their  international  character,  availed  themselves 
of  the  advantages  of  the  metric  system  more  than  manufac- 
turiug,  which  is  local,  and,  unlike  exporting,  not  in  direct 
iouch  witli  world  markets.  Hence,  science  and  commerce, 
with  tlieir  world-wide  outlook,  should  '  be  the  advisers  of 
industry,  and  their  conclusion  is  tliat  the  first  principle  is  to 
supply  what  the  customer  needs,  ami  that  international  busi- 
ness requires  international  weights  and  measures,"  The 
British  Chaniher  of  Commerce  at  Buenos  Ayres  in  February, 
1916,  passed  the  following  resolution  :  "  That  this  Chamber 
unanimously  recoinniends  to  the  ini mediate  attention  of 
the  British  autlioritips  the  capital    necessity   of   the  adop- 


tion of  the  metric  system  as  a  very  material  fart  or  to  assist  the 
expansion  of  Britain  *s  overseas  trade  alter  the  war." 

Is  there  any  reason  why  we  should  not  be  successful  in 
our  trade  carnpaigii  after  the  war  ？  Over  t  wo  years  ago  we 
pniercd  a  war,  not  of  our  making,  and  for  which  wo  were  not 
prepared.  Under  tlie  late  Lord  Kitchener,  an  honorary  mem- 
ber of  this  institution,  an  army  of  over  4,000,000  men  was 
oi<^aiiisecl  ;  under  Mr.  Lloyd  Geoi'ge  was  or^aiiisorl  the  man u- 
tactiire  of  inanitions  (m  a  huge  scale.  Canada,  Australia,  New 
Zealand,  India,  South  Africa,  and  the  other  rnenibers  of  our 
overseas  Empire  came  to  our  aid  in  sucli  numbers  as  we  could 
never  have  anticipated.  Burke  rightly  gauged  human  nature 
when  lie  wrote  :  *'  War  is  a  situation  wliicli  sets  in  its  full 
light  the  value  of  the  hearts  of  a  people." 

It  is  }>leasant-  at  times  to  take  an  optimistic  view,  and  such 
views  sometimes  come  true.  In  a  remarkable  series  of  lectures 
on  England  and  Germany  by  the  late  J.  A.  Cramb,  delivered 
in  1913，  a  year  before  war  was  thought  of,  he  discussed  the 
supposed  decay  of  our  Empire,  and  in  the  last  lecture  said  : 
" Even  now,  in  1913，  when  I  consider  England  and  this  vast 
and  complex  fabric  of  Empire  which  she  has  slowly  reared, 
its  colonies,  its  dependencies,  the  cosmic  energy  which  every- 
where seems  to  animate  the  mass  in  its  united  life  and  in  the 
se])arate  States  or  principalities,  all  such  comparisons  with 
decaying  empires  appear  an  irrelevance  or  a  futility.  What- 
ever be  England's  fate,  it  will  not  be  the  fate  of  Venice  or 
Byzantium.  And  as  a  proof  of  the  validity  of  this  impres- 
sion, or  this  conviction,  I  seem  to  discover  everywhere  stir- 
rings as  of  a  new  life,  to  hear  the  tramp  of  armies  fired  by  a 
newer  chivalry  than  that  of  Crecy,  and  on  the  horizon  to 
discern  the  outline  of  fleets  manned  by  as  heroic  a  resolve  as 
were  those  of  Nelson  or  Rodney."  It  is  a  matter  of  regret 
that  the  author  did  not  live  to  see  his  anticipations  realised. 

We  cannot  engage  in  a  war  where  men  of  all  classes  are 
fighting  shoulder  to  shoulder  without  some  diminution  of  the 
old  class  prejudices.  We  cannot  fight  side  by  side  with  our 
overseas  brothers  without  getting  to  know  each  other 
better,  and  without  realising  that  we  all  have  to  con- 
tinue after  the  war  to  do  our  best  for  the  Empire  with  as 
little  internal  friction  as  possible.  With  such  better  know- 
ledge of  each  other,  and  remembering  that  unprepared  we 
entered  a  war  in  which  we  are,  with  our  Allies,  achieving 
success,  is  there  any  reason  why,  when  fully  prepared  and  in 
full  agreement  with  our  Allies  and  our  overseas  Empire,  we 
should  not  be  successful  in  peace  ？ 

Of  course  I  am  an  optimist,  but  not  one  who  imagines  that 
what  we  want  can  be  obtained  without  fighting  and  working 
for  it.  It  may  only  be  the  dream  of  an  optimist  to  ima"'i"e 
that  til  is  country  can  be  run  for  the  benefit  of  our  own  people, 
without  preconceived  views,  without  ancient  shibboleths,  with- 
out red  tape.    It  may  be  a  dream,  but  it  ought  to  be  a  fact. 

I  am  afraid  I  have  gone  somewhat  beyond  the  lines  I  laid 
clown  for  tlii,  address,  and  niy  only  excuse  is  that  the  condi- 
tions under  which  we  are  living  are  exceptional,  and  tliat  it 
is  difficult  to  keep  daily  thoughts  out  of  anything  we  may 
write  or  say. 

Gentlemen,  the  greater  portion  of  my  address  to  you  to- 
night may  possibly  be  considered  too  much  out  of  the  common 
because  it  deals  with  some  of  the  very  common  matters  which 
liave  to  be  considered  by  engineers.  My  remarks  are  really 
reflections  on  the  different  events  which  have  occurred  during 
niy  own  life  as  an  engineer,  extending  now  to  over  30  years. 
I  hope  they  at  least  show  that  there  is  still  ample  room  for 
investigation  and  experimental  work,  which  may  enable  us 
to  give  still  greater  value  to  our  clients,  and  that  it  may 
influence  young  engineers  especially  to  devote  some  of  their 
time  to  that  class  of  work  whenever  opportunity  for  doing 
so  is  present. 

THE  RECLAMATION  OF  WASTE  FOUNDRY  SAND.* 

BY    H.   M.  LANE. 

In  the  past  20  years  many  attempts  have  been  made  to 
reclaim  foundry  sand.  The  principles  covered  in  these  experi- 
ments varied  greatly,  and  the  ultimate  object  sought  also 
varied  greatly.    A  process  that  is  successful  witli  steel-foundry 

*  Paper  read  before  the  Cleveland  meeting  of  the  American  Foundrymen's 

Assoc  iatiou,  Sei.tember,  19 16. 


THE   MECHANICAL  ENGINEER, 


[December  8，  1916 


sand  might  fail  utterly  with  brass-foundry  or  aluminium- 
foundry  sand,  owing  to  radical  differences  in  characteristics 
of  different  materials.  Steel-foundry  sand  sliould  be  made  up 
from  pure  silica  sand,  the  grains  of  which  are  rounded  rather 
than  angular.  Tiiis  sand  sliould  then  be  bonded  with  a  siifFi- 
cient  amount  of  refractory  fireclay,  so  that  it  will  hold  its 
shape  when  rammed  into  the  mould.  All  sand  is  clamp,  or  as 
it  is  termed  "  green,"  when  rammed  iii  the  mould.  The  bond 
must  remain  active  whether  the  mould  is  poured  when  in  the 
green  state  or  is  baked  or  skin  dried.  The  percentage  of  fire- 
clay used  in  such  a  mix  is  relatively  small,  and  the  so-called 
wearing  out  of  the  sand  is  due  maiuly  to  the  stopping  of  the 
fine  passages  by  small  grains,  resulting  in  the  breaking  up  of 
the  larger  grains  under  heat，  and  from  dry  or  burned  bond 
material. 

Another  interesting  fact  is  that  the  mass  law  of  chemistry 
influences  very  largely  the  temperature  at  which  a  given  size 
of  grains  、viU  start  to  melt  or  burn  into  the  castings.  Very 
fine  sand  will  burn  into  a  steel  casting  several  degrees  lower 
than  coarse  saud,  and  hence  in  this  type  of  work  we  encounter 
the  necessity  of  freeing  the  sand  from  these  small  and  par- 
ticularly angular  grains.  For  such  work  a  cleaning  process 
that  will  remove  the  burnt  clay  and  the  fine  sand  dust  is  what 
is  necessary.  This  may  be  accomplished  by  washing  or  dry 
cleaning. 

For  dry  cleaning  a  number  of  systems  have  been  devised, 
and  some  patents  taken  out.  One  system  that  has  beeu  used 
ill  the  west  treats  the  sand  with  high-pressure  air  in  such  a 
way  as  to  cause  the  grains  to  i  in  pi  age  one  upon  another,  giv- 
ing a  sand-blast  action,  which  cuts  off  any  adhering  clay, 
scouring  the  grains.  The  system  is  then  arranged  to  take 
away  the  fine  dust  and  leave  relatively  clear  grains.  Other 
systems  simply  pass  the  sand  through  au  apparatus  which 
exhausts  the  huer  dust  without  any  attempt  to  give  the  saud 
a  thorough  scouring. 

Ill  this  commercial  world  of  ours,  the  process  which  will 
produce  a  product  just  good  enough  for  us  to  use，  at  the 
lowest  cost,  is  the  one  that  will  ultimately  be  used，  even  if 
other  systems  may  give  a  better  though  more  expensive  pro- 
duct. In  steel-foundry  practice  the  ultimate  factor  is  the  cost 
of  a  ton  of  fiuished  castings,  and  a  process  which  recovers,  let 
us  say,  80  per  ceut.  of  the  sand  in  a  fairly  usable  condition 
may  be  better  than  the  one  which  recovers  90  per  cent,  in  a 
better  condition  but  at  a  higher  cost. 

When  we  jump  to  the  opposite  extreme  and  try  to  cleau 
or  reclaim  the  exceedingly  fine  brass  or  aluminium  moulding 
hand  we  encounter  a  much  more  serious  problem,  and  one 
which  hardly  is  worth  while  attempting.  It  is,  however, 
advantageous  to  clean  the  core  saud.  The  statements  thus  far 
made  have  beeu  with  reference  to  moulding  sand.  In  steel- 
foundry  practice  the  core  saud  used  is  very  similar  to  the 
moulding  saud,  and  can  always  be  cleaned  to  advantage.  In 
the  experiineuts  which  were  made  it  was  evident  that  at  least 
80  per  cent,  of  all  waste  sand  material  shipped  out  of  the 
ordinary  foundry  can  be  recovered  for  re-use  iu  some  form. 
丄 11  the  case  of  heavy  grey  iron  work  it  can  be  dry  cleaned, 
rebonded  with  proper  kind  of  clay,  and  used  as  heavy  work 
iiioulcliug  sand.  In  the  case  of  aluminium  and  brass  work  the 
general  run  of  saud  from  the  foundry  can  be  cleaned  and  used 
ill  core  work  with  resin  or  water  soluble  binders.  It,  how- 
ever, does  not  work  well  with  oil.  For  the  thorough  cleaning 
of  certain  classes  of  saud,  the  wet  process  seems  to  be  the  best, 
but  this  necessitates  first'  a  scnil)bing  ami  then  a  washing,  and 
takes  quite  a  complicated  plaiit^  though  the  actual  cost  of 
cleaning  per  ton  is  low. 

The  foiuidryinan  is  not  interested  in  ultra  or  scientific 
])roce.sses,  but  is  interested  in  the  produ (； Lion  of  castings  at  a 
rea^soiiable  cost,  and  to  accomplish  this  the  simplest  saiid- 
cleaiiing  method  available  is  what  lie  wants.  In  some  cases 
passing  the  saud  over  a  series  of  sieves  which  will  first  take 
out  the  coarse  waste  material,  and  which  will  next  remove  the 
fine  or  dust  material,  has  been  found  to  give  a  good  product 
for  reboiiding  for  use  in  foundry  work  for  a  considerable  line 
of  grey  iron  castings.  Each  case,  however,  must  be  studied  on 
its  own  merits,  and  local  influeiit'es  caused  by  the  different' 
grades  of  core  and  moulding  sand  used  have  au  iiiiporiaiit 
beariug  ou  the  subject. 


SPRINGS.* 

BY  C.  E.iSQUIRE. 

{Catirl  U'ded  fro  in  p(iye  Jf.17  \) 
( 'Ixuacf ( /  isftcs  of  Spring  Stet  f, —— The  following  table  shows 
tile  properties  of  the  spring  steel  generally  used  for  railway 
work.  The  figures  are  not  for  any  particular  test-piece,  but 
are  the  average  of  some  hundreds  of  tests  of  steel  by  several 
different  makers.  ' 
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springs. 


Coil  springs. 


Torsion  Test —— 

Max .  shear  stress,  tons  per  sq. 

inch   •  

Elastic  limit,  tons  per  sq.  inch 
Modulus  N  
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5,000  tons  ])cr 
square  inch. 


Analysis ― 

Carbon   

Silicon   

Sulj)hur   

Pliosphoi'us  . . . 
Mangaiioso  


Tensile  test —— 

Max.  stress,  tons  per  sq.  inch  . . 
Elastic  limit,  tons  per  sq.  inch 

Elongation,  per  cent,  in  Sin  

Reduction  of  area,  })cr  cent. 
Modulus  E  
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ing and 
temper- 
ing. 


59 

9 
14 
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inch. 
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Cutt  ULAU  Sr;rTioN. 


Tlie  two  analyses  show  steels  that  correspond  with  the  two 
British  Standard  Specifications.  There  is  not  much  difference 
between  the  physical  properties  of  the  two  grades,  but  springs 
made  from  the  purer  material  should  have  a  longer  life.  You 
will  notice  the  difference  iu  strength  t  liat  liardeiiing  and  tem- 
peiiug  makes.       It  is  the  ultimate  tensile  or  sheei*  stress  lor 

•  Paper  read  before  tUe  Junior  Institution  of  Engineers,  November  20th,  1916. 
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It,   】;ii"ina"Ml  and  (、oil  springs  rcspoci  ively  I  liai  limits  the  ran^o 
' aiui    load,    ami    it    is    the    modulus   t  hat    g(>v(、rTis  t  ho  rat  io 
bet  ween  I  hem.  ('(mt  rary  t  o  general  ideas,  \hv  iihuIuIus  is  prar- 
t  icjillv  t  lie  same  for  all  qualities  of  spring  st  ool,  ； i  ml  whet  Ium' 
soft ,  IkuxI,  or  t  oiuixmhmI 

The  figures  t  o  wliicli  t  he  aut  hor  wishes  ")  call  ai  lout  ion 
are  the  elastic  and  breaking  limits  in  tension  tor  laiiiiiiai o<l 
springs  and  in  shear  for  coil  springs.  WIhmi  speaking  of 
stress  in  coil  springs  it  is  always  the  shear  stress  thai  is 
referred  to.  By  proof  stress  is  meant  the  maxinnuii  fibre 
stress  to  which  the  material  will  be  subjected  when  under  tlie 
scragging  test,  and  this  should  be  in  excess  of  anything  the 
spring  will  be  subject  to  in  service.  The  working  stress  will 
then  be  sometliiiig  less,  say  from  one-thircl  to  two-thirds, 
depending  on  the  purpose  of  the  spring. 

Uiiwin  gives  three  as  a  factor  of  Sc  fety  for  material  sub- 
ject to  static  loads  ；  five  wlieu  subject  to  fluctuating  stresses  ； 
and  12  when  subject  to  shock.  Taking  five  as  the  lowest  we 
can  use  for  such  purposes  as  springs,  and  assuming  that  it 
refers  to  the  working  stress,  the  working  stress  for  coil  springs 
would  be  14  tons  per  square  inch  and  the  proof  stress  about 
28  tons  per  square  inch,  or  in  very  exceptional  cases  it  might 
be  as  high  as  42  tons  per  square  inch. 

In  practice  the  stresses  are  much  higher,  and  there  is  a 
variety  of  opinion  as  to  what  really  is  the  maximum  safe 
stress.  The  author  has  endeav- 
oured to  show  the  figures  given 
by  the  various  authorities  in  Fig. 
3.  In  that  chart  it  will  be 
noticed  that  some  authorities 
adopt  a  uniform  stress  for  all 
sizes  of  bars,  while  others  de- 
crease tlie  stress  for  the  larger 
bars.  The  author  thinks  the 
latter  is  correct,  and  for  this 
reason.  Hardening  very  much 
alters  the  strength  of  the  steel, 
and  depending  as  it  does  on  the 
rate  of  cooling,  a  difference  of 
seconds  in  hardening  makes  a 
great  difference  in  the  strength  of 
the  material.  It  is  obvious  that 
a  large  bar  will  not  cool  so 
quickly  as  a  small  one,  and,  what 
is  of  more  importance,  will  not 
cool  so  uniformly.  So  the  final 
material  is  not  homogeneous,  and 
has  a  less  average  strength. 

Stresses. ― This  difference  in  rate  of  cooling  is  most  marked 
in  the  case  of  volute  springs,  and  if  you  examine  Fig.  4  you 
will  see  that  the  inner  coils  are  almost  completely  shielded 
from  the  hardening  medium,  and  in  practice  the  author  finds 
that  for  satisfactory  working  a  volute  spring  should  always 
have  a  lower  stress  than  a  similar  helical  spring  due  to  this 
cause.  Actually  the  stress  is  generally  in  the  neighbourhood 
of  50  tons  per  square  inch,  but  one  is  often  asked  for  springs 
一  in  which  the  stress  works  out  to  60  or  65  tons  per  square  inch, 
•  and  a  few  weeks  ago  an  enquiry  was  received  for  a  spring  in 
which  the  stress  would  have  been  140  tons  per  sc| tmre  inch. 

The  author  lias  collected  together  a  number  of  designs 
tliat  have  failed.  Large  numbers  of  the  springs  were  in  use, 
and  the  substitution  of  amended  designs  involved  great  incon- 
化 iiience  and  expense  in  alteration  to  rolling  stock.  The 
average  proof  stress  in  these  works  out  at  73  tons  per  square 
inch,  so  that  we  may  be  quite  sure  that  the  safe  limit  is  below 
this.  There  is  some  explanation  and  excuse  for  these  high 
stresses,  but  iL  is  false  economy,  and,  speaking  generally, 
tliere  is  no  engineering  structure  which  has  such  a  low  factor 
of  safety,  and  there  are  few  in  which  the  design  receives 
so  little  attention  at  the  hands  of  engineers.  The  stresses  are 
worked  out  in  mucli  the  same  way  as  for  a  beam  or  a  shaft, 
but  all  the  theory  of  design  is  based  on  the  assumption  that 
the  elastic  limit  is  not  exceeded,  and  yet  the  very  first  thing 
the  spring  maker  does  to  the  completed  spring  is  to  give  it  a 
very  considerable  permanent  set,  t.e"  he  exceeds  the  elastic 
limit. 


iG.  4.~Skction  of  Volute  Spkinu 
Showing  How  Coils  Shield  Onk 
Anothku  in  Hardknino. 


In  a  l)ar  siil>j(H:(.  (  o  ()r  torsion  I  ho  st  i  fiSH  iu  iiol 

evenly  disi  ril)ui  od  and  is  zero  ni  I  lio  neut  ral  axis,  so  thai  all 
t  lio  (ihres  do  not.  roach  t  he  inaxiriiurn  si  r ess  at  t.lie  HHnie  time. 
Wlieii  s()m(>  of  (lietii  reacli  1  lie  limit,,  set  takes  place  fi(，(:or"- 
paiiied  l)y  ； i  new  (lisiril)ul  ion  of  si  ress,  so  tlial  a  larger  nin/il)er 
ol  I'll) res  are  now  suhjeci.  io  maximum  stress.  So  far 
as  the  aul  hor  is  aware,  it  is  quite  impossible  to  calculate  this 
new  actual  st  ress  with  certainty,  and  it  woul(】  seeni  thai  tlie 
theory  and  fm'muhii,  <kc.,  resulting  from  it  are  woiililess,  l)ut 
t  Ins  is  not  so.  One  can  calculate  tlie  dimeiisions,  loads,  and 
deflections  with  a  greater  degree  of  accuracy  ill  an  one  can 
make  the  spring.  When  a  material  is  stressed  slightly  beyond  its 
elastic  limit,  a  new  and  higher  limit  is  formed,  as  in  wire 
drawing,  and  the  same  thing  occurs  with  springs,  in  a  way, 
one  might  say,  that  one  then  starts  afresh.  In  calculating 
the  stress  we  use  the  deflection  of  the  finished  spring  only, 
and  not  the  total  initial  deflection,  and  in  spite  of  the  theory 
being  more  or  less  incom])lete,  the  stresses  obtained  really  do 
approximately  represent  the  actual  ones,  and  in  any  case  do 
so  relatively. 

Eiuryij  /Jiafjram. —The  results  of  the  deflection  tests  can 
be  plotted  to  scale,  and  Fig.  5  shows  results  of  a  test  of  the 
buffing  spring  in  an  English  goods  wagon.  In  a  laminated  or 
volute  spring  there  is  a  certain  amount  of  internal  friction, 
due  to  the  relative  movement  of  the  plates.  This  makes  the 
total  deflection  less  for  an  increasing  load  than  for 
a  decreasing  load,  h'"  the  increasing  load  is  repre- 
sented by  the  upper  line  and  decreasing  loads  by 
the  lower  one.  Under  a  given  load,  say  five  tons,  the  camber 
of  the  spring;  may  be  anything  from  Sin  to  4Ain.  The  dotted 
centre  line  represents  the  true  restoring  force  of  the  spring. 
It  will  be  remembered  that  the  definition  of  a  spring  is  "  a 
contrivance  for  storing  energy.  '  Just  as  an  indicator  diagram 
represents  the  energy  given  out  by  the  steam  in  one  stroke  of 
the  piston,  so  the  area  of  this  diagram  represents  to  scale  the 


Fig.  5. 


-Staxi>ahi>  BurFiN(i  Spuing.  5ft.  lOiin.  long  straight, 
14  plaljes  3in.  x  Jin...  weight  a34lbs. 


amount  of  energy  stored  in  the  spring,  and  in  this  case  is  44iii. 
tons.  To  make  comparisons  between  springs  one  wants  to 
bring  the  results  to  a  common  denominator,  and  to  do  this 
one  finds  out  the  worjc  stored  per  unit  of  spring.  The  units 
used  by  the  author  are  inch  tons  of  work  per  pound  of  spring, 
and  this  is  the  "  resilience  "  of  the  spring.  The  term  resilience 
is  often  used  in  a  very  loose  sort  of  way,  but  it  has  a  definite 
meaning.  It  is  the  amount  of  work  that  can  be  stored  per 
unit  volume,  and  iu  the  case  of  springs  the  resilience  is  the 
direct  measure  of  the  efficiency  of  the  spring. 

The  diagram  in  Fig.  6  has  been  made  from  the  test  of  the 
volute  spring  shown  in  Fig.  4，  and  it  will  be  noted  the 
resilience  has  gone  up  to  *22iii.  tons  per  pound,  although  the 
stress  is  lower.  Here  again,  one  may  see  the  effect  of  friction. 
The  buffing  and  draw  gear  in  existing  stock  tends  to  become 
too  light  for  the  increasing  power  of  locomotives  and  weight 
of  trains.      In  consequence,  engineers  often  ask  for  stronger 
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springs,  and,  naturally,  judge  the  strength  of  a  spring  by  the 
maximum  load  it  wifl  carry.  It  should,  however,  be  borne 
ill  mind  that  a  high  ultimate  load  is  not  the  only  point  to 
strive  for.  The  value  of  a  sprins:  in  mininusing-  shock  depends 
directly  upon  its  power  to  store  energy.  It  is  seldom  possible  to 
use  a  spring  large  enough  to  take  up  the  whole  energy  of 
a  moving  vehicle,  and  the  balance  is  expended  in  shock.  It 
will  be  seen  from  the  dia^'am  that  although  the  spring  carries 
an  ultimate  load  of  a  little  over  8  tons,  yet,  after  6J>  tons, 
stores  very  little  energy,  and  that  the  total  resilience  and  maxi- 
mum stress  demaiul  eq ual  consideration  along  with  the  ulti- 
mate load. 

Fig.  7  shows  the  deflection  cliigi'am  of  a  helical  spring  and 
depicts  the  great  advantage  of  the  circular  section.  Although 


-VOLiTTE  Spbing,  U\m.  X  63m.  x  2iin.;  9in.  x  /以 n.:  weight.  GBUbs. 
stress,  55  tons  per  s(i.  in. :  resilience,  22  inch-tons  per  lb. 


tlie  stress  has  been  reduced  to  48  tons  per  square  inch,  i.e., 
less  than  either  of  the  othei*  two,  the  resilience  is  '323in.  tons 
lbs"  i.e.y  nearly  twice  that  of  the  laminated  spring,  and  62  per 
cent,  higher  than  the  volute.  Other  sections  will  show  different 
results,  but  the  helical  spring,  of  plain  circular  section,  lias 
easily  the  highest  efficiency.  Calling  this  100  per  cent,  effi- 
ciency, some  of  the  volute  sections  come  out  next  at  about  62  per 
cent.,  and  the  square  section  at  60  per  cent.,  and  all  other 
sections  have  a  lower  efficiency  still. 

Limits  in  Manufact uriny, ― There  is  no  need  for  the  author 
to  urge  the  importance  of  fixing  limits  in  manufacturing.  The 
use  of  limit  gauges  is  well  known,  and  tlieir  advantages 
obvious.      In  considering  railway  springs,  however,  it  should 


Fig.  7.— HKi.TfAL  Rpuin (；.  ni'm.  X  7^in.  X  4{^in.:  iWn-  (liaui.; 
wcif^ht,  611bs.;  deflection,  "357111.  per  Ion  :  resilience,  '323  inch-tons  jier  lb. 

be  remembered  tliat  it  is  a  black  job,  and  the  limits  should  be 
those  suitable  for  smiths'  work  and  not  those  for  the  machine 
shop.  Engineers  are  sometimes  a  little  unreasonable  on  this 
point. 

A  spring  is，  ol'  its  very  nature,  flexible,  and  it  is  impossible 
to  get  t  he  same  degree  of  accuracy  as  witli  a  rigid  body.  If 
left  unloaded,  it  will  recover  part  of  its  initial  set,  especially 
if  subjected  to  shocks,  such  as  it  will  get  in  transit  from  the 
makers'  works.  A  coil  spring  also  increases  in  diameter  when 
compressed,  and  clearances  should  allow  for  this.  The  common 
clause  in  specifications  limiting  the  total  variation  in  length 
to  ^iii.  tor  all  kinds  of  springs,  is  not  practicable      The  manu- 


facturer can  often  work  well  inside  this,  but  there  are  cases 
when  lie  would  have  trouble,  even  if  given  three  times  the 
amount. 

Generally  speaking,  spring  makers  have  now  reached  the 
greatest  accuracy  at  present  commercially  possible,  and  it  is 
tlie  rolling  mill  which  fixes  the  limit.  If  the  dimensions  of 
springs  bars  are  within  2  per  cent.,  it  is  good  average  rolling. 
In  this  the  author  is  not  speaking  of  odd  samples,  but  hard 
and  fast  limits  within  which  one  can  guarantee  to  work  moiitli 
after  month.  What  is  a  fair  tolerance  for  springs  ？  While 
it  is  not  possible  to  give  a  figure  that  will  apply  in  every 
single  instance,  a  total  variation  on  any  dimension  of  3  ])er 
cent,  covers  most  cases,  aud  is  a  reasonable  figure  for  good 
average  work. 

Earlier  in  the  paper  the  author  mentioned  the  clause  relat- 
ing to  scragging  strokes  in  the  British  Standard  Specification 
No.  24,  for  laminated  springs.  This  clause  limits  the  amount 
of  deflection,  and  consequently  the  stress,  aud  has  had  a  very 
good  influence  on  tlie  design  and  tests  of  laminated  springs. 
Nothing  of  the  kind  is  specified  for  coil  springs,  and  springs 
are  regularly  made  to  inferior  designs  in  which  the  stress  is 
excessive,  and  subjected  to  tests  that  materially  reduce  their 
life. 

I^ro posed  Staiidard  ' "  Scf'ogfjhuj  ，'  (7<7〃-s'f  for  Coil  Spri/u/-^. 
The  natural  question  is,  cannot  a  clause  be  devised  to  effect 
the  same  end  as  that  for  the  laminated  springs ？  In  tlie 
author's  opinion  it  can,  and  he  would  sue^gest  the  following  as 
a  basis  for  discussion.  In  place  of  existing  clause  4，  Specifi- 
cation 7  and  7a,  wiiicli  is  never  fully  carried  out,  substitute  : 
" Each  spring  shall  be  tested  by  being  deflected  smartly  twice 
by  a  steam  scragg.  Tlie  amount  of  deflection  should  not  exceed 

W  xK,  .  . 

~~ — where  W  is  the  weight  of  the  spring  in  lbs.,  less  the 

weight  of  one  coil.  L  is  the  maximum  load  in  tons  corre- 
sponding to  tlie  deflection,  and  K  -'  11  for  compression  springs 
made  of  circular  section,  and  '6  for  all  other  sections.  They 
must  then,  if  required,  stand  being  deflected  again  three  times 
ill  quick  succession  without,  showing  any  permanent  set. 
Springs  shall  also  be  tested  under  vaiyiiig  loads  to  determine 
the  range  and  deflection  per  ton." 

This  clause  would  limit  the  proof  stress  to  about  58  tons 
per  square  inch.  It  has  been  simplified  as  much  as  possible 
and  consequently  is  not  absolutely  accurate,  but  it  is  suffi- 
ciently so  for  Llie  purpose.  It  is  not  suggested  that  58  tons 
per  square  inch  is  the  ideal  figure  for  the  maximum  proof 
stress,  but  is  probably  the  lowest  that  would  have  any  possi- 
bility of  general  accepf^ance  in  view  of  many  existing  standard 
designs. 


CHIMNEY  AND  MECHANICAL  DRAUGHT. 

In  the  course  of  a  paper  read  before  the  recent  annual  con- 
vention of  the  American  Smoke  Prevention  Association,  Mr. 
E.  R.  Fish  stated  that  boiler  and  furnace  practice  had 
changed  to  such  an  extent  within  the  last  few  years  that  the 
generally  accepted  ideas  of  a  few  years  ago  were  now  largely 
obsolete.  Most  large  and  many  small  plants  were  now 
equipped  with  meclianical  stokers  of  some  one  of  the  numerous 
types,  particularly  in  those  centres  where  room  was  limited 
and  smoke  abatement  laws  were  enforced.  While  chimneys 
alone  were  still  largely  depended  upon  to  produce  the  draught 
necessary  for  the  combustion  of  fuel,  the  tendency  was 
strongly  towards  supplementing  them  with  mechanical  equip- 
ment.  The  effective  draught,  or  that  which  was  used  for 
getting  the  air  through  the  fuel  bed,  might  be  produced  in 
three  general  ways :  First,  by  the  natural  draught  of  the 
simple  chimney  ；  second,  by  induced  draught  ；  third,  by 
forced  draught.  But  when  the  whole  of  the  boiler  installa- 
tion was  considered,  several  combinations  of  these  might  be 
desirable  or  necessary. 

Where  natural  draught  alone  was  depended  upon,  it  must 
be  of  suffirient  intensity  to  overcome  all  the  resistances  from 
the  Lop  of  the  stack  to  the  ashpit  door.  With  a  given  height 
of  stack  the  available  draught  was  practically  fixed,  although 
it  varied  with  the  temperature,  state  of  th©  weather,  baro- 
meter, (fee.  A  chimney  of  moderate  height  could  not  supply 
a  sufficient  draught  to  maintain  what  was  now  looked  upon 
as  a  high  rate  of  combustion.  For  conditions  under  its  maxi- 
mum, natural  draught  was  easily  controllable  by  means  of 
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clampers  so  tliat  (he  furnace  roiulitioiis  could  he  nuiiiit aiiied 
at  the  most  econouiical  point.  The  prim'ipal  reromineiula- 
tions  of  a  chinmey  were  its  simplicity  of  operation,  its  need 
for  comparatively"  little  care  and  attention,  and  its  being 
always  on  the  job.  Its  thermal  efficiency  was  low,  but  the 
other  advantages  olYsel  that  in  cases  where  high  draught 
intensity  was  not  iieedeil. 

To  attain  a  strong  draught  by  means  of  a  chinmey  was 
prohibitive  because  of  the  great  height  involved  and  the  cost. 
It  was  therefore  neoessarv  to  turn  to  other  arraiigeiuents,  such 
as  an  iiKlLU-ed-clraiighl  svstein,  wherein  the  suction  was  created 
by  a  fan.  The  nature'ot*  this  draught  was  exactly  the  same 
as  chimney  draught,  but  it  had  the  advantage  of  being  suscep- 
tible to  accurate  control  so  that  the  furnace  needs  might  be 
readily  met.  It-  made  possible  the  installation  of  econornisers 
to  lower  the  temperature  of  the  escaping  gases  and  effected 
a  saving  in  fuel. 

At  the  present  time  a  combination  of  forced  draught  and 
either  natural  or  induced  draught  was  being  used  more  and 
more.  Many  of  the  later  stokers  were  operative,  only  with 
forced  draught  and  were  designed  for  high  rates  of  combus- 
tion. Forced  draught  alone  was  not  a  good  arran2:emeiit  for 
tlie  reason  that  it  created  a  plenum  throughout  practically 
the  whole  installation  and  made  leaks  outwardly  through  the 
interstices  in  the  setting  likely.  By  providing  a  stack  of 
proper  height  or  an  induced-draught  fan,  the  necessary 
suction  draught  might  be  supplied  to  overcome  the  resistance 
of  the  gas  passages,  leaving  the  forced-drauoht  fan  to  supply 
the  pressure  necessary  to  overcome  the  resistance  of  the  fuel 
bed.  This  produced  that  desirable  condition,  balanced 
draught,  the  pressure  above  the  fuel  bed  being  practically 
zero  or  preferably  a  little  on  the  minus  sid^，  namely,  the 
draught  gauge  should  show  a  slight  vacuum. 

The  amount  of  fuel  burned  under  a  boiler  largely  deter- 
mined  the  amount  of  steam  that  would  be  generated.  There 
was,  of  course,  a  more  or  less  well-defined  relation  between 
grate  area  and  heating  surface,  altliougli  this  varied  between 
rather  wide  limits.  The  heating  surface  of  boilers  in  iiiauy 
instances  was  being  worked  far  harder  than  was  supposed 
possible  a  few  years  ago.  This  had  been  brought  about  by  the 
introduction  of  furnaces  capable  of  high  rates  of  combustion, 
with  the  result  that  the  temperatures  of  the  escaping  gases 
were  too'  high  for  the  proper  economy,  rendering  necessary  the 
use  of  feed-water  economisers  of  proper  capacity.  Such  instal- 
lations were  economical  as  to  heal  absorption,  in  interest 
charges  resulting  from  a  smaller  investment,  and  in  floor 
space.  The  great  objection  to  these  types  of  installations  was 
the  complication  due'  to  more  operating  parts,  from  which  tho 
plain  chimney  of  our  forefathers  was  entirely  free. 

The  need  for  a  high  intensity  of  suction  draught  in  con- 
nection with  forced  draught,  when  high  capacities  were 
used,  was  not  generally  recognised.  When  it  was  realised  that 
the  draught  required  to  cause  the  flow  of  gas  increased  as 
the  square  of  the  velocity,  it  would  be  seen  that  this  was 
important.  If  iin.  in  the  uptake  was  sufficient  for  satisfac- 
tory operation  at  one  capacity,  doubling  the  capacity  at 
least  doubled  the  quantity  of  gas,  which  meant  that  thei  gases 
must  flow  twice  as  fast,  assuming  that  the  furnace  efficiencies 
and  temperatures  were  the  same  in  both  cases.  Theoretically, 
therefore,  it  would  take  four  times  as  much  draught,  or  2iii. 
as  measured  by  the  water  column.  It  was  on  this  rock  that 
many  engineers  had  come  to  grief  in  that  the  attainment  of 
their  desire  to  get  a  high  capacity  out  of  their  boilers  had  not 
been  possible,  because  after  reaching  a  certain  rate  of  com- 
l)ustion  llieie  was  a  plenum  created  in  the  furnace  and 
through  the  selling,  resulting  in  furnace  gases  coming  out 
through  the  numerous  interstices  owing  to  the  insufficiency  of 
the  available  suction  draught  to  pull  the  gases  through  the 
boiler  and  breeching. 

Tlie  balanced  condition  was  liighly  advantageous  in 
another  way.  The  greater  the  difference  in  pressure  between 
the  inside  of  the  setting  and  the  outeide,  the  greater  the 
amount  of  air  drawn  in  through  any  cracks  or  openings,  as 
well  as  through  the  porous  setting.  The  less  these  differences 
ill  pressure  the  less  air  would  be  drawn  through.  All  such 
air  was  only  detrimental  and  could  do  no  possible  good . 
Every  effort  should  be  made  to  prevent  these  leakages  if  the 
boiler  plant  was  to  be  run  at  its  highest  efficiency. 

It   was  now   common  to   enclose  tlie   entire  setting  in  a 


sheet -iron  cfisiiig,  rareMly  fit  t  ed,  and  iriadc  as  ti*^ht  as  prac 
licjible.  Special  ))!  e|)ai-at  loiis  for  (，(）al  ing  t  lie  outHidc  ol*  brick 
walls  and  stoppiui^  up  cracks  were  on  1  luv  market ,  i  he  "'ual  of 
all  l)eiiig  1  lie  same  -  tlie  ext^lusion  of  unnecessary  and  ol>j('(,- 
tioiiable  air  from  the  interior  of  the  setting. 

To  atienipi  lo  force  a  gnite  to  burn  more  I' ucl  t  liaii  1  he 
(Inmglit  available  inevitably  resulted  in  waste  and  inefficiency 
through  tlie  forinatioii  of  carbon  monoxide  instead  of  carbon - 
dioxide,  so  that  where  draught  could  not  be  increased  beyoiul 
a  certain  point,  care  must  be  used  not  to  try  to  force  a  liigh('r 
rate  of  combustion  than  could  be  efficiently  maintained. 

Every  set  of  boiler  and  furnace  conditions  had  its  most 
economical  point  of  operation,  which  could  not  be  exceed e< I 
with  satisfactorv  results,  but  this  was  true  within  much 
narrower  limits  of  simple  chimney  draught  than  with  either 
forced  or  induced  draught  with  the  accompanying  possibility 
of  widely  varying  adjustments. 

The  tendency  of  modern  boiler  practice  was  decidedly 
toward  setting  boilers  well  above  the  grates  so  as  to  give  a 
large  combustion  space.  It  was  pretty  generally  recognised 
that  the  heat  of  combustion  should  all  be  freed  before  any  cf 
the  gases  came  in  contact  with  the  heating  surface  of  tho 
boilers,  which  in  relation  to  the  gases  was  the  cooling  surface. 
A  large,  high  furnace  and  combustion  chamber  was  essential 
to  attain  this  end,  in  addition  to  which  the  resistance  to  flow 
was  minimised. 

It  was  important  that  the  breeching  should  be  as  short  ami 
direct  as  possible.  Square  turns  of  any  sort  should  be  avoided, 
as  all  such  increased  the  resistance.  The  well- known  prin- 
ciples governing  the  flow  of  water  applied  almost  as  univer- 
sally to  tlie  flow  of  gases.  Easy  curves  should  be  provided  and 
all  corners  and  dead  spaces  avoided.  Areas  must  be  pioperly 
proportioned  to  the  volume  of  gases  to:  be  cared  for,  and  this 
was  particularly  true  in  those'  plants  where  high  overload 
capacities  were  contemplated. 

Modern  boiler  practice  seemed  to  indicate  that  for  the 
larger  and  more  important  plants,  at  least,  something  more 
than  ordinary  chimney  draught  was  needed.  Where  simplicity 
of  installation  was  paramount,  simple  chimney  draught  could 
not  be  improved  upon.  As  applying  to  the  average  plant 
throughout  the  country,  every  means  should  be  used  to 
prevent  air  from  entering  the  gas  passages  other  than  through 
the  fuel  bed,  and  that  the  loss  of  draught  due  to  restricted, 
improperly  designed,  and  obstructed  flues  be  reduced  to  a 
minimum,  so  that  the  boiler  and  furnace  would  be  in  condi- 
tion to  give  the  maxinnmi  efficiency. 


THE  USES,  OUTPUT,  AND  MARKET  FOR  MOLYBDENUM. 

In  an  article  on  molybdenum,  published  in  the  July  issue  of 
the  Colorado  School  of  Mines  "  Quarterly,  '  Golden,  Col.,  Mr. 
H.  Fleck  treats  of  its  uses,  the  market  for  it,  the  output,  and 
statistics  as  follows  : — 

Mol/bdenuiu  is  used  in  the  form  of  oxides,  ammonium 
salt  and  metal.  Several  tons  a  year  are  used  in  the  United 
States  in  form  of  aninionium  inolybdate  as  a  laboratory 
reagent  in  the  deterniiuation  of  phosphorus  in  iron  ores,  thei v 
products,  and  in  fertilisers.  The  salt  finds  a  further  use  in 
fire-proofing  fabric.  The  metal  is  used  in  self-hardening 
steel  ；  from  5  to  10  per  cent,  is  introduced,  and  the  resulting 
steel  is  raised  in  elastic  limit  and  tensile  strength,  and 
possesses  greater  toughness  in  addition  to  the  former  property. 
Wire  made  from  it  is  said  to  have  greater  elongation  and 
high  tensile  strength.  Other  uses  are  in  large  castings  ；  in 
gun  barrels,  in  which  it  is  prized  for  its  resistance  to  corro- 
sive gas  action  ；  in  armour  plate  ；  in  armour-piercing  shells  ； 
in  motor-car  steel,  and  in  magnets.  Equal  parts  of  molyb- 
denum and  chromium  introduced  into  steel  are  proclaimed 
more  preferable  for  many  of  the  above  uses,  especially  self- 
hardening  steel .  Two  to  5  per  cent,  of  molybdenum  and  10 
j)ei'  cent,  chromium,  with  little  or  no  carbon,  are  said  to  make 
steel  acid  resisting  to  a  great'  degree.  Nickel-molybdeniun- 
ferro-alloys  also  find  use.  The  tensile  strength  of  molybdenum 
wire  is  given  at  200, 000-270, OOOlbs.  per  square  inch,  as  com- 
pared to  tungsten  witli  480，000-580,0001bs.  per  square  inch. 
Molybdenum  wire-wound  electric  fui  n?ces  have  special  claim  a 
made  for  them.  A  thermocouple  which  uses  the  metal  has 
been  described  recently.  The  lower  oxides  of  inolybdenurti 
are  highly   coloured.     Theh'    use  is    recorded  in  colouring 
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leather,  rubber,  and  porcelain.  A  soluble  variety  is  \is^  as 
H  substitute  for  indigo.  In  some  form  molybdenum  is  added 
as  a  preservative  to  certain  smokeless  powders. 

Prior  to  1900  little  use  was  made  of  the  metal.  From  1900 
lo  1905  a  gradual  increase  in  the  production  of  niolybdenuTu 
took  place.  Then  there  was  a  decline  until  the  opening  of 
the  war,  when  demand  increased  rapidly  with  rising  prices, 
and  to-day  astonishing  figures  record  a  marked  advance. 
Not  long  ago  a  prominent  engineering  journal  scoffed  at  the 
alleged  importance  of  molybdenum,  but  recently  the  same 
journal  published  an  appeal  from  the  British  Imperial  Engi- 
neering Institute  to  Canadian  producers  of  molybdenum  ore. 
This  is  the  historv  of  the  rare  metals.  Their  growing  utility 
cannot  be  denied.  It  must  be  remembered  that  all  useful 
metals  ！ u.d  their  modest  industrial  beginning.  It  has  been 
stated  frequently  that  dull  markets  were  due  to  uncertain 
out  put .  This  may  have  been  so  be f  ore  modern  concentra- 
tion methods  were  used,  but  this  reason  is  no  longer  valid. 
When  consumers  consent  to  pay  the  price  which  makes  the 
Tiiining  and  concentrating  enterprise  worth  while,  the  supply 
will  prove  adequate  to  the  demand. 

The  principal  production  has  been  as  follows  :  The  Aus- 
tralian output  ill  1902  was  15  tons,  valued  at  £1,841  ；  in  1903 
it  was  29  tons,  valued  at  £4,450  ；  and  in  1904  it  was  25  terns, 
valued  at 丄 2, 726.  The  New  South  Wales  output  in  1911  was 
20  65  tons,  valued  at  £2,591  ；  in  1912  it  w  as  56  5  tons,  valued  at 
£3,706,  and  in  1 913  it  was  73  tons,  valued  at  £6,400.  The 
New  South  Wales  output  in  1914  was  61  tons.  The  Queens- 
land output  in  1911  was  99*5  tons,  valued  at  £13,279  ；  in 
1912  it  was  102-3  tons,  valued  at  £17,349,  and  in  1913  it  was 
57  tons,  valued  at  £16,185.  Not  counting  the  small  annual 
production  of  Norway  and  scattering  parcels,  the  above  figures 
represent  most  of  the  best  years  of  uioiybdenum  production. 
There  is  little  doubt  that  1915  and  1916  will  show  astonish- 
iiig  figures,  record  output,  and  prices,  together  with  con- 
siderable development  in  hitherto  neglected  fields.  It  is  net 
safe  to  predict  a  continuation  of  these,  however,  for  an 
indefinite  period.  Substantial  prosperity  in  rare  metals  has 
been  marked  by  a  slower  growth. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  publish  ed,  and  rve  shall 
be  pleased  to  fonvard  copies  po.H  free  on  recript  of  8d.  Address 
" Mechanical  Engineer,^*  53,  Ne^v  Bailey  Street,  Manchester, 

MECHANICAL,  1914. 

Carburetters  for  internal  fombnstion  engines.    Bouteille.  23878. 

1915. 

J5earin^s  oi   i iitenial-conibustion  en^nes.    Roots.     1  •).']()(). 
Continuous  casting  macliiiies.    Melleii.  15758. 

Recuperative  crucible  furnace  for  fusion  of  juetals  and  allo.v.s. 

Herniansen.  15887. 
Devices  for  automatically  discharging  fuel  to  oil  engines.  Per- 

rett.    1()012.  " 
Triple  valves  for  air-hrake  systems.    Can  ion.  16017. 
Safety  sustaining  gear  for  inclined  rope  railways.    Allott  &  Dt*a n. 

lh()7(>. 

•Steam  glands  of  tu r!>ines.    Carter.  16077. 
FnrnjK'o  for  melting  metals.    Davis  <t  T、vigg.  - 1011 0. 
Fin  id  pressure  train  pipe  foiiplin^s.    Kininiel.  1629(). 
Stf、am  g('m、rator-s.    Dcightcn.  17203. 

Hailu  ay  signalling.    W.  B.  Sykcs  Interlocking  Si<;ii;il  C(,，iip;m,v. 

HariMT,  and  Sykos.  17475. 
Apparatus  for  hammering  and  riveting.    AVickciis.    1 78()9. 
Vifo.    Charlos  Taylor  niiri"inghai"〉，  Ltd.,  and  Taylor.  180f)2. 
Machines  for  fitting  off  pieces  from  l)ar.s.    Charles  Ta.vlm'  (Ww- 

mingham),  Ltd.,  and  Taylor.  18004. 

1916. 

Cranes.    A.  H.  ^litdidl.  />. 

Adjustabjo  boriiiji  bars  or  reamers.    M.  (；.  Southward.  270. 
Kailwav  signalling.    W.  R.  Sykcs  Interlocking  Signal  Company, 

and  n.  W.  Tarrant.  2015. 
Cnicihlf  ftiriiaces.    H.  Stokes.  -5072. 

Starting  devices  for  internal  coiiiljiistioii  engines.  Ljusiie-Woxna 

Aktieholag.    4  04  9. 
Speed  indicator.    L.  Dufoiir.  r>499. 
GavS  furnaces.    J.  Lehmanii.  6439. 

Methods  and  apparatus  for  heating  liquids.      Britisli  Westing- 
house  Electric  and  Maimfactiiriii^  Company.  9111. 


(； ovonior  arrangement  for  internal-combustion   engines.  Albion 
Motor  Car  Company,  ami  T.  B.  ^Nhirray.  9293. 

ELECTRICAL.  1915. 

Telephone  transmitters  and  transmission.    Ye  wen.  8480. 

J iicandescent  electric  lamps.    Ba^iliaii.  11332. 

Electric  switches.    British  IMionison  Houston  Company.  15878. 

Electric  cells.    Fery.    15 瞻. 

Ohmmeters.    Trent.  16112. 

Electric  lamp  holders.    Welch.  17302. 

Electrical  relays.    Bro、vn.  18166. 

1916. 

Electrical  lieating  apparatus.    A.  H.  Taylor.  42o. 
Electric  heat  radiators.    A.  F.  Berry.  lo96. 

Electric  heating  apparatus.    M.  J.  Hailing  and  J.  H.  Farthing. 
201o. 

Electrical  means  for  indicating  or  transmitting  movements.  H, 

R.  AVright.  ;36()6. 
Combined  electric  lamp  holder  and  lamplock.    A.  H.  Short.  7009. 
Vapour  electric  converters.    British  AVestiiighouse  Electric  and 

Manufacturing  Company.  12160. 


MELTING  ALUMINIUM  CHIPS. 

Bulletin  108  on  "  Melting  Aluminium  Chips,"  by  H.  W. 
Gillett  and  G.  M.  James,  recently  issued  by  the  U.S.  Bureau 
of  Mines,  discusses  the  causes  of  the  high  loss  in  the  usual 
method  of  melting  aluminium  chips,  and  shows  that  the  diffi- 
culty of  getting  the  tiny  globules  of  molten  metal,  resulting 
fi  om  the  fusion  of  the  very  fine  chips,  to  coalesce  when 
covered  with  a  skin  of  oxide  and  dirt,  is  apparently  the  main 
cause  for  low  recoveries.  Two  methods  of  melting  can  be  suc- 
cessfully used  to  promote  coalescence.  In  one  method  the 
chips  are  kept  just  above  the  fusion  point  and  the  globules 
made  to  coalesce  by  hand  puddling,  which  breaks  through  the 
skin  and  makes  the  globules  unite.  In  this  method  melting 
is  best  done  in  an  iron  pot  heated  by  oil.  The  other  is  by  the 
use  of  a  flux,  which  dissolves  off  the  skin  of  dirt  and  oxide, 
producing  clean  globules  which  can  unite.  The  flux  sug- 
gested is  85  per  cent .  common  salt,  15  per  cent,  fluorspar, 
used  in  large  amount  (20  to  30  per  cent,  of  the  weight  of  the 
chips),  and  mixed  with  the  chips  before  charging.  Much 
higher  temperatures  are  required  by  this  method  than  by  the 
puddling  method,  so  the  iron-pot  furnace  is  not  practicable, 
and  melting  is  best  done  in  graphite  crucibles  or  in  a  rever- 
beratorv  furnace.  The  flux  method  does  not  require  the 
constant  hand  puddling  of  the  other  method.  Since  the 
presence  of  dirt  and  oxide  causes  low  recoveries,  the  necessity 
for  care  and  cleanliness  in  the  collection  and  storage  of  chips 
is  emphasized  Chips  wet  with  cutting  compound  will  oxidise 
superficially  on  storage,  but  by  drying  the  chips  bv  centri- 
fufi^iiio*  this  can  be  prevented. 


METAL  QUOTATIONS. 

TUESDAY,  DECEMBER  5th. 

Aluminium  ingot    一  per  cwt. 

wire,  according  to  sizes,  &c  .from  ―  ，， 

, ,        sheets       , ,  , ,    一  ， ， 

Antimony    £95/-/-  per  ton. 

Brass,  rolled   l/oj  per  lb. 

，， tubes  (brazed)    1/8?-  ,， 

，，       " (solid  drawn)    1/6?  ，, 

，，       ,,    wire    ,, 

Copper,  Standard    £152/-/-  per  ton. 

Iron,  Cleveland    87/6  ,， 

，， Scotch    ——  ，, 

Lead,  English   £32/5/-  ,， 

，， Foreign  (soft)   £30/-/-  ,， 

Mica  (in  original  cases),  small   Bd.  to  3/-  per  lb. 

，，  ，，       ，，         medium    3/6  to  6/-  ，, 

"  "       ，，         large    7/6  to  14/- -， 

Quicksilver   £17/12/6  per  bottle. 

Silver    3()-^d.  per  oz. 

Spelter  (American)   £57/-/-  per  ton. 

Tin,  block    £188/-/-  per  ton. 

Tin  plates,  I.C   27/n  per  box. 

Zinc  sheets    £100  per  ton. 


Membership  of  German  Trade  Unions.— Since  the  begin- 
iiing  of  the  war  the  German  trade  unions  have,  says  "  The 
Times,"  lost  60  per  cent,  of  their  members.  In  June,  1914， 
the  membership  of  the  unions  amounted  to  2,482,046,  but  by 
the  end  of  1915  this  number  had  dropped  to  982,863. 
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(1) 


HEAD  OFFICE: 

112，  QUEEN  VICTORIA  STREET,  LONDON,  EX. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  all  but  he  had  flown, 
For  one  and  then  another  of  the  blessed  joints  had  blown  ； 
Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 
Now  a  smile  he's  always  wearing,  he's  found  '•  NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILEP 

NflNL EAK  JOINTING 

nUHLtMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  !       FREE  FROM  LEAD  ！ 

IMPROVES  WITH  AGE  ! 
TESTING  SAMPLES.  WLLL  NEVER  BLOW  OUT,  SCALE,  OR  ROT. 

CO.,  Ltd.,  Sole  Makers,  BRl'bFORof Yorks. 


J.  E. 


The  Practical  Metallography 
of  Iron  and  Steel. 


By  JOHN  S.  G.  PRIMROSE,  a.r.t.c.  a.i.m.m  .m. 

Lecturer  on  Metallurgy,  and  demonstrator  on  Metallography  at  the 
Royal  Technical  College,  Glasgow. 

Price   38.  3cl.  Post  Free. 


.M. 


Every  Iron  and  Steel  Works  si 訓 1(1  l)t'  provided  with  9.  metallographic  laboratory 
with  a  suitable  equipmenb  in  which,  by  Scientific  methods,  the  daily  working  may 
be  controlled  and  itnproved,  and  that  this  may  be  efficient,  every  worker  should 
be  familiar  with  the  principles  on  which  the  researches  are  based.  This  book  lias 
been  prepared  for  the  use  of  those  who  are  commencing  the  study  of  metallography. 
The  work  is  a  thorouMlily  practical  one,  theoretical  considerations  being  made  as 
brief  as  possible.  The  contents  comprise  exha native  chapters  on  IVticrostructure 
of  Iron  and  Steel  ；  Constitution  of  Iron  and  Steel  :  Heat  Treatment  of  Iron  and 
Sfceel  ；  Micrographic  Exaniiimtion  of  Failures  ；  Metallographic  Apparatus  and  its 
Manipulation. 

THE  SCIENTIFIC  PUBLISHING  COMPANY, 

53,  New  Bailey  Street,  Manchester. 


Q^U  ILLUSTRATED  WEEKLY  dOURNAL     I  y^j  gg   jj^  g^g 


Edited  by 
WILLIAM    H.  FOWLER 

Wh.  Sc.,  M.Inst.C.E. 
Telegrams  ：  "Scientific,"  Manchester, 
Telephone  No.  6655  City. 

SUBSCRIPTION  RATES. 


United  Kingdom  :  12/6  per  annum,  post  free, 

Canada  :  14/6  per  annum,  post  free. 

Anywhere  Abroad  :  ~ 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ,，  ，，  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 

Note.— Direct  annual  subscriptions  include  a  Free  Copy  of 
Fowler's  "Mechanical  Engineers'  Pocket  Book." 

Cheques  and  Postal  Orders  should  be  made  payable  to  the  Scientific 
Publishing  Company,  and  forwarded  to  our  Manchester  Office, 
53,  New  Bailey  Street. 

Advertisements,  displayed,  for  insertion  in  current  issue  should 
reach  our  Manchester  office  not  later  than  first  post  Tuesday 
morning,  and  small  prepaid  advertisements  not  later  than  first 
post  Wednesday  morning. 


Organisation  of  the  Iron,  Steel,  and  Engineering  Industries. 

An  important  report,  which  we  reproduce  on  another  page, 
has  been  issued  by  the  committee  appointed  by  the  leading 
Clyde  firms,  at  a  meeting,  held  on  August  4th  last,  to  con- 
sider how  best  to  secure  united  action  so  as  to  deal  in  a  com- 
prehensive and  imperial  manner  with  all  important  questions 
affecting  the  iron,  steel,  engineering,  shipbuilding,  and  allied 
industries.  The  suggestions  put  forward  to  secure  the  end 
in  view,  although  preliminary  and  admittedly  incomplete, 
provide  ample  scope  for  immediate  action,  and  every  respon- 
sible engineer  should  consider  them  with  a  view  to  promote 
a  pound  public  opinion  on  post  war  conditions.  The  outstand- 
iiig  points,  (A\  which  the  committee  base  their  report,  are  that 
in  the  first  place  increased  production  of  wealth  will  have  the 
^reatest  effect  on  general  prosperity,  and  that  unless  indus- 
trial concerns  are  raised  to  the  highest  pitch  of  efficiency,  and 
the  largest  available  output  obtained,  all  other  measures  will 
be  of  secondary  importance.  On  this  there  cannot,  we  think, 
be  any  difference  of  opinion.  The  nation's  load  of  indebted- 
ness can  only  be  borne  and  liquidated  by  the  greater  produc- 
tion of  wealth.  Tt  is  equally  Qbvioiis  that  increased  produc- 
tivity cannot  be  attained  unless  there  is  more  cordial  co-opera- 
tion between  employers  and  employes,  so  as  to  secure  higher 
efficiency,  botli  of  machinery  and  organisation,  unless  the 
false  doctrine  that  limitation  of  output  creates  einployiiient 
and  raises  the  wage  standard  is  entirely  discarded.  This 
doctrine  is  opposed  to  every  axiom  of  economics,  but  is  equally 
opposed  to  the  interests  of  the  employes  themselves.  Every 
legitimate  increase  of  output  should  be  encouraged  and  pay- 
ment by  results  sliould,  as  far  as  possible,  be  the  basis  of 
reward  for  labour.    Further,  tlie  scales  '•  fixed  should  be  sucli 
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as  to  ensure  for  all  willing  workers  a  comfortable  standard  of 
living,"  and  once  established,  increase  of  earnings,  due  to  in- 
creased output  should  be  encouraged  in  every  way.  Enhance- 
ment of  earnings  following  increase  of  production  should  not 
be  "  made  a  ground  for  rate  cutting."  These  points,  it  will 
be  seen,  touch  the  interest  of  employers  and  employes  alike, 
and  since  the  success  of  their  working  depends  on  mutual  con- 
fidence, any  organisation  for  putting  them  into  operation 
unist  also  be  of  a  co-operative  character.  Without  it  the  best 
intentions  and  efforts  are  doomed  to  failure.  The  report  indi- 
cates in  a  general  way  the  objects  which  such  au  organisation 
should  have  in  view.  These  are  based  on  the  assumption,  in 
the  first  place,  that  the  Government  in  future  will  take  an 
active  part  in  ('  encouraging  by  every  means  in  its  power  the 
development  of  the  industries  of  the  country/'  and,  therefore, 
it  will  be  the  duty  of  the  organisation  in  the  first  place  to 
inform  and  direct  the  Government  and  its  departments 
regarding  matters  calling  for  action  in  the  interests  of  indus- 
try. Secondly,  to  deal  with  questions  affecting  labour  condi- 
tions, internal  organisation,  and  disabilities  with  a  view  to 
securing  increased  efficiency.  Thirdly,  "  to  educate  and 
inform  the  public  opinion  in  accordance  with  its  recommenda- 
tions and  findings."  Finally,  it  is  suggested  that  a  Ministry 
of  Industry  should  be  appointed  and  that  for  this  appointment 
no  individual  "retaining  a  connection  with  either  the  .em- 
ployers' or  employes'  side  of  industry  is  desirable"  ;  further, 
that  the  appointment  should  not  be  given  to  "  an  ii]dividual 
having  only  a  legal  or  political  qualification,  or  to  a  permanent 
official,  while  his  appointment  or  retiral  should  not  be  depen- 
dent on  a  change  of  GoveniTTient."  It  must  be  admitted  that 
an  individual  free  from  these  disqualifications  would  be  very 
difficult  to  find,  especially  when  to  the  possession  of  these 
negative  virtues  he  would  probably  in  the  exercise  of  his 
functions  require  the  patience  of  a  Job  and  the  will  of  an 
autocrat.  The  Government  has  not  appointed  a  "  Minister  of 
Industry/'  but  a  "  Minister  of  Labour/'  and  tliougli  the 
holder  of  the  appointment  will  not  conform  to  the  above 
qualifications,  we  nevertheless  welcome  it,  as  well  as  that  of 
two  other  labour  leaders.  It  will,  at  all  events,  impose  on  the 
representatives  of  labour  a  responsibility  from  which  in  the 
discussion  of  labour  questions  and  troubles  they  have  hitherto 
been  largely  free,  and  which  accounts  to  some  extent  for  the 
frequent  breaches  of  agreement  between  capital  and  labour 
during  recent  years,  and  in  the  presence  of  which,  efficient 
co-operation  is  impossible. 


Glass  Manufacture.  ―  A  department  of  glass  technology 
at  the  University  of  Sheffield  has,  says  "  The  Times,"  been 
organised  with  the  financial  support  of  the  Advisory  Com- 
mittee of  the  Privy  Council  for  Industrial  Research,  of  the 
Ministry  of  Munitions,  and  of  the  glass  manufacturers  of 
South.  Yorkshire.  An  actual  glass  factory  will  be  established, 
in  "which  operations  will  be  done  on  a  large,  semi-commer- 
cial scale.  The  model  factory  will  be  equipped  with  pot  fur- 
naces and  a  small  tank  furnace  and  a  series  of  experimental 
furnaces,  including  a  number  of  electrically-heated  ones  and 
some  heated  by  gas. 


THE  INTERNAL-COMBUSTION  MOTOR  FOR  TRACTION 
ENGINES.* 

BY  A.  A.  POTTER  AND  W.  A,  BUCK. 

At  the  present  time,  over  100  manufacturing  concerns  in  the 
United  States  are  building  traction  engines  driven  by  internal- 
combustion  motors.  The  designs  differ  greatly  ；  'some  have 
motors  with  horizontal  cylinders,  others  with  vertical  cylinders. 
In  some  designs  the  power  of  the  motor  is  delivered  to  one 
wheel,  in  others  to  two,  and  in  still  others  to  all  four  wheels  ； 
several  designs  are  of  the  so-called  "  creeping  grip  "  types. 

The  development  of  the  traction  engine  for  agricultural  pur- 
poses has  been  along  lines  entirely  different  from  those  of  the 
automobile.  The  early  engines  developed  60  h.p.  to  80  h.p.  on 
the  brake  and  30  h.p.  to  40  h.p.  on  the  drawbar  ；  they  were 
expensive,  complicated,  and  unsuited  for  any  but  the  largest 
farms  of  the  country.  The  present  tendencies  of  manufacturers 
are  to  build  smaller  engines  and  to  standardise  the  product. 

Object  of  Investigation . ― The  purpose  of  this  investigation 
was  to  determine  the  fuel  economy  and  thermal  efficiency  of  a 
great  variety  of  traction-engine  designs,  to  find  out  the  prac- 
ticability of  the  fuels  heavier  than  gasoline  for  traction-engine 
use,  and  to  compare  the  rating,  valve  setting,  timing  and  other 
details  of  commercial  traction  engines.  Particulars  of  the 
motors  tested  and  of  the  fuels  used  are  given  in  Table  I. 

(rcneral  ConcJ ifsio//.^. ― From  the  results  of  this  investigation 
the  authors  have  derived  the  following  general  conclusions  :  ~~ - 

((f)  The  4- cylinder  motor  is  better  adapted  for  belt  Work 
on  account  of  the  greater  number  of  impulses  per  revolution. 

(/>)  The  single-cylinder  motor  and  the  2 -cylinder  motor 
operate  better  than  4-cy Under  motors  with  fuels  heavier  than 
gasoline. 

(c)  Carburetters  now  used  are  satisfactory  for  gasoline,  but 
a  carburetter  jacketed  with  lieat  from  exhaust  gases  should  be 
employed  when  operating  with  kerosene  or  with  the  heavier 
fuels. 

(c/)  The  ordinary  automobile  motor  is  too  light  for  trac- 
tion-engine work.  The  traction-engine  motor  should  operate 
at  lower  piston  speeds  than  the  automobile  motor.  Motors 
operating  at  piston  speeds  of  700ft.  to  900ft.  per  minute  are 
giving  satisfaction. 

(e)  The  vertical  types  of  motors  are  preferable  on  account 
of  greater  accessibility,  longer  lift,  and  better  balance. 

(/)  The  valve-in-the-head  type  of  motor  has  the  more  effi- 
cient combustion  space,  and  is  to  be  preferred  to  the  T-liead  or 
L-liead  types. 

(f/)  The  combination  of  the  forced  feed  and  splash  oiling 
system  gives  good  results. 

(h)  The  jump-spark  system,  on  account  of  its  mechanical 
simplicity,  is  the  best  system  of  ignition  for  traction  engines. 

(7)  The  fuel-economy  range  is  from  about  I'SOlbs.  per  shaft 
horse-power  per  hour  at  one-fourth  load  to  about  071b.  per 
hour  at  full  load.  The  fuel  consumption  in  pounds  per  shaft 
horse-power  per  hour  is  very  nearly  the  same  for  both  gasoline 
and  kerosene. 

(j)  The  thermal  efficiencies  at  full  load  vary  from  14*88  to 
19.41  per  cent,  for  gasoline  fuel,  and  from  13.7  to  15*97  per 
cent,  for  kerosene. 

Results  of  Tests, ― The  paper  includes  a  table  giving  results 
of  the  tests  relating  to  fuel  consumption  and  thermal  effi- 
ciency at  various  loads,  and  from  the  former  the  curves  of  Fig. 
1  have  been  plotted. 

Concluyio/fs  from  Te-^f.'i. ― The  lower  fuel  economy  shown 
for  engine  A  as  compared  with  engine  B  (the  same  engine)  was 
due  to  the  greater  spark  advance  used  in  operating  engine  A, 
wlien  more  cooling  water  had  to  be  injected  into  the  cylinder 
with  the  fuel  to  prevent  p re-ignition.  Water  injection  had  to 
be  used  also  during  the  tests  of  engines  D，  E，  and  F  with  gaso- 
line fuel. 

In  the  case  of  several  engines  the  valve  setting  had  to  be 
changed  before  satisfactory  operating  conditions  could  be 
secured.  In  one  case  the  preliminary  tests  indicated  that  the 
carburetter  was  too  small  for  the  engine.  Some  companies  in 
such  cases  remove  several  balls  from  the  auxiliary  air  valve, 

♦  Abstract  of  jmper  read  at  the  annual  meeting  of  the  American  Society  of 
Mechanical  Engineers,  New  York,  December  5th  to  8th，  1916. 
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； I  practioo  wliich  is  followed   by  poor    fuel  economy  of    I lio  iorily,  and  ov(Mitually  it  will  be  us<»(l  iiioro  as  ； i  I'licl  I'or 

eu*^iiu\      These  experitMicos  iiulicaie  Mie  poor  iiisport  ion  and  I  ion  ("igim's  Uiuii  will  ^asoliiuv 

testing  facilities  prevaUMit  with  sonic  inanu fact urors  of  irac-  A  study  of  ilio  valve  timing'  of        (liU'cicMil  inolors  in  these 

lion  engines.  tests  shows  no  iiiiirorniity,  except  Miul  t lie  majority  of  the 

TAiti.K   I  .  —  of  I  hi-  'frifcflo/i   /?//,'〃/〃'  J/o/ors  Trsfr//  and  the  F  ml  . 


>  With  mecbanioaUy  operated  inlet,  and  exhaust  valvrs. 

， High-speed  throttling  type  of  governor  that  roculatcs  the  quanti t.y  of  mixture. 
' With  K-W  impulse  starter  magneto. 

The  advantages  of  the  kerosene  engine  are  offset  to  a 
greater  or  less  degree,  depending  upon  the  operator,  by  tlie 
added  trouble  in  handling.  The  life  of  the  motor  will  also  be 
somewhat  shortened  when  using  kerosene  fuel.    To  this  should 


， Diaphragm  type,  using  pressure  of  circulating  water  lo  control  the  apeotl. 
*•  Valve  in  the  head.  ' 
' M  a  ke-a  nd-b  re  a  k  system  using  an  Accurate  oscillating  magneto. 

motors  are  so  timed  that  the  inlet  valve  does  not  open  until 
after  the  exhaust  valve  is  closed.  Tlie  timing  given  in  Table 
II.  is  offered  as  a  result  of  the  authors'  study  and  experience 
with  traction  engines. 

From  Fig.  1  it  is  evident  that  several  of  the 
motors  are  not  rated  at  the  capacity  for  best  effi- 
ciency. The  motors  repieseiited  by  tests  G，  H，  K， 
and  M  are  underrated,  E  and  J  are  overrated,  while 
A,  B，  C，  and  F  are  properly  rated. 


"0  — 40  ——―  60~"  &0  100 

PerCenl     Ul  Lo。d 

Fig.  Cukvks  of  Fuel  Consumption  of  Tkaction  Kxgini;s  at  Vahiouk 
Table  II. ― Valve  Titn in(j  for  Motors  of  Traction  li lujinex. 
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be  added  the  lower  reliability  with  the  heavier  fuel.  In  some 
work  (lone  by  traction  engines  reliability  is  the  main  facto i-. 
l)iir  ">  1  lie  price  of  gasoline,  new  carburet t cms  ； uo 

l»lac(*d  on  the  market  which  handle  kerosene  very  saiist'ac- 
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RIVETED  JOINTS, 

An  exhaustive  paper  entitled  Tlie  Partitiau  of  the 
Loads  in  Riveted  Joints,"  by  Cyril  Batho,  M.Sc, 
B.Eng"  Assistant  Professor  of  Applied  Mechanics, 
McGill  University,  Montreal,  is  given  in  the  Novem- 
ber issue  of  the  Journal  of  the  Franklin  Institute. 
The  author  states  that  riveted  joints  occur  in  many 
types  of  construction,  and  it  is  therefore  of  considerable 
practical  importance  to  determine  the  exact  manner 
in  which  they  act,  in  order  that  a  rational  basis  may 
be  given  for  their  design.  The  subject  has  attracted 
the  attention  of  many  experimenters,  their  investi- 
gations being  mainly  directed  to  a  determination  of 
the  resistance  of  joints  to  rupture  and  of  the  fric- 
ti^nal  resistance  to  slip.  Attempts  have  also  been 
made  to  determine  the  tension  in  the  body  of  a  rivet 
due  to  its  contraction  on  cooling,  and  Fremont  has 
made  an  exhaustive  study  of  the  actual  process  of 
riveting  and  its  effects  upon  the  strengtJi  of  the  joint. 
None  of  these  experiments,  however,  have  indicated  very 
clearly  the  action  of  a  riveted  joint  under  workiwg  loads ― 
h'"  before  permanent  deformations  of  the  plates  or  rivets 
have  occurred.  Very  few  attempts  have  been  made  either 
experimentally  to  determine  or  theoretically  to  estimate  the 
partition  of  the  load  among  the  rivets  under  working  condi- 
tions. It  is  usually  assumed,  in  detsigiiing  a  riveted  joint, 
that  tlie  load  is  equaJly  divided  among  the  rivets.  That  this 
cannot  be  true  in  joints  as  usually  designed  has  been  generally 
recognised  by  writers  on  bridge  design,  and  illustrated  by 
experiinout  s  on  tlie  distortion  of  lath  ami  iiidia-rul^ber 
models. 

The  writer's  atteiilioii  was  first  direcied  to  the  subject  by 
the  results  of  a  few  readings  taken  with  a  Howard  gauge  on 
the  cover  plates  of  a  large  riveted  splice  t  ested  by  Prof.  H. 
M.  Mack  ay,  of  McGill  University,  for  the  Quebec  Bridge 
Com  mission.  These  appeared  to  indicate  that  the  rivets  in 
the  end  rows  received  by  far  tlie  f^roater  portion  of  the  load, 
and  suggested  io  the  writer  that  the  achml  partition  of  (he 
load  ill    any  joint    could  be    cletermined    by  exleiisoitieter 
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measurements  on  the  cover  plates  of  the  joint.  It  was  first 
necessary  to  deterniiiie  whe.ther  or  not  the '  strains  of  the 
outer  surfaces  of  the  cover  plates  could  be  used  to  obtain  the 
mean  strains  in  the  cover  plates.  This  was  shown  to  be  the 
case  bv  an  experiment  given  in  the  paper,  and  experiments 
were  coinmeuced  upon  a  series  of  butt  joints  having  a  single 
line  of  rivets.  While  making  these  experiments  it  occurred 
to  the  writer  that  the  results  might  be  interpreted  and  the 
partition  of  load  worked  out  theoretically  by  means  of  the 
Principle  of  Least  Work.  This  proved  to  be  so,  and  further 
experiments  verified  the  theory  in  every  particular. 

The  paper  is  divided  into  two  parts.  Part  I.  shows  how, 
by  means  of  the  Principle  of  Least  Work,  a  series  of  equa- 
tions may  be  obtained,  giving  the  load  carried  by  each  rivet 
in  any  form  of  riveted  joint  in  terms  of  a  quantity  A'，  which, 
if  the  rivets  are  in  shear,  depends  upon  the  manner  in  which 
work  is  stored  in  the  rivets  ；  or,  if  they  act  by  frictional 
hold  oil  the  plates,  depends  upon  the  work  stored  in  the  parts 
of  the  plates  thus  held.  Part  II.  gives  the  results  of  a  series 
of  experiments  upon  different  forms  of  joints  having  a  single 
line  of  rivets  and  loaded  in  tension,  whicli  confirm  atid  illus- 
trate the  theory  and  show  how  the  cjuaiitil  v  A  may  be  deter- 
inined.  The  following  is  a  siunniary  of  1  lie  principal  contents 
of  the  present  paper  ： ― 

1.  It  is  shown  that  a  riveted  joint  may  be  considered  as  a 
statically  indeterminate  structure,  and  that  a  series  of  equa- 
tions may  be  obtained  for  any  joint  by  means  of  the  Principle 
of  Least  Work,  giving  the  loads  carried  by  each  of  the  rivets 
in  terms  of  a  quantity  K ,  which  depends  upon  the  manner  in 
whicli  worked  is  stored  in,  or  by  the  action  of,  the  rivets. 

LI-  This  theory  is  applied  to  various  types  of  joints,  and 
the  modifying  effects  of  non-uniform  distribution  of  stress  in 
the  plates,  unequal  partition  of  the  load  between  the  two 
cover  plates,  and  a  clifTerence  in  the  modulus  of  elasticity  of 
the  middle  plate  and  tlie  cover  plates  are  also  considered. 

3.  It  is  shown  experimentally  that  exteiisomeber  measure- 
ments on  the  outer  surfaces  of  the.  cover  plates  of  a  riveted 
joint  are  sufficient  for  the  determination  of  the  mean  stresses 
in  the  plates,  and  that  the  partition  of  the  load  among  the 
rivets  may  be  determined  from  such  measurements.  It  is 
also  shown  that,  at  any  rate  after  the  first  few  loadings,  the 
distribution  of  strain  in  the  plates  of  a  joint  is  not  altered 
by  repeated  loadings. 

4.  It  appears  from  3  that  if  there  is  any  frictional  hold 
between  the  plate's,  it  acts  only  over  those  portions  in  the 
im mediate  neighbourhood  of  the  rivets.  All  t'lie;  experiments 
tend  to  show  that  friction  does  not  play  an  important  part, 
but  further  experiments  are  necessary  on  this  point. 

5.  Experiments  made  on  a  number  of  specimens  having 
a  single  line  of  rivets  and  loaded  in  tension  give  results  in 
dose  agreement  with  the  theoretical  considerations.  They 
also  show  that  the  longitudinal  stresses  in  a  portion  of  the 
cover  plate  between  two  consecutive  rivets  are  a  niiiiirnum 
along  the  line  of  rivets,  rising-  to  a  maximum  at  the  edges 
of  the  plates. 

6.  The  experiments  show  that  the  value  of  K  for  a  joint 
having  a  given  ratio  of  wicltli  of  cover  plate  to  rivet  pitch 
and  a  given  iiuiiiber  of  rivets  varies  a|)proxiniately  directly 
as  the  ]oad  and  inversely  as  tlie  area  of  the  rivets.  An  em- 
pirical rule  is  given  for  its  value  in  joints  similar  to  tlie  experi- 
Tneiital  specimens,  but  a  more  general  rule  cannot  be  given 
until  further  experiments  have  been  made.  A  theoretical 
estimate  is  made  of  the  value  of  K  for  a  rivet  acting  in  shear, 
and  the  result  is  shown  to  be  within  the  range  of  tlie  experi- 
mental values. 

7.  Bol]i  the  experimental  results  and  tlio  theoretical 
deductions  show  that  ：  in  a  double-cover  butt  joint  having 
a  single  line  of  rivets,  the  two  end  rivets  and  the  two  rivets 
on  each  side  of  the  junction  of  the  middle  plates  take  by  far 
the  greater  part  of  the  load  at  all  loads  within  tliat  causijig 
permanent  defonnatioii  of  the  plates  cr  rivets,  the  actual 
proportion  decreasing  slowly  as  the  loful  increases  ；  (J)、  if,  in 
such  joints,  tlie  total  area  of  cross-section  of  the  cover  plates 
is  equal  to  that  of  the  middle  plates,  these  four  rivets  take 
equal  loads,  but  if  it  is  greater  the  end  rivets  take  greater 
loads  than  the  others,  the  difference  increasing  as  the  area 
of  the  cross-section  of  the  cover  j)] at es  increases  ；  (r)  if  two 
plates  of  uniform  width  and  equal  tliickuess  are  connected 
hy  a  siiij^le  line  of  rivets  to  opposite  sides  of  a  gusset  plate 
of  uuiforni  wirlf h,  tlie  first  and  last  rivets  take  the  greater 


part  of  the  load,  but  if  the  gusset  plate  increases  in  width 
from  the  first  to  the  last  rivets,  the  partition  of  load  is  more 
uniform. 

The  results  already  obtained  allow  the  general  manner  of 
partition  of  load  in  any  riveted  joint,  in  which  there  is  no 
eccentricity  of  connection,  to  be  estimated,  and  it  is  hoped 
that,  when  further  experiments  have  been  given  general  laws 
for  the  value  of  A'，  it  will  be  possible  to  predet ermine  the 
exact  load  that  will  be  carried  by  eaoli  rivet.  The  practical 
value  of  this  is  obvious. 


ORGANISATION  OF  IRON,  STEEL,  ENGINEERING,  SHIP- 
BUILDING, AND  ALLIED  INDUSTRIES. 

The  following  resolutioiis  were  unanimously  p'-ipsed  at  a  meet- 
ing of  representatives  of  Scottish  iron,  steel,  engineering, 
shipbuilding,  and  allied  industries,  held  on  August  4tli,  1916, 
under  the  chairmanship  of  the  Right  Honourable  the  Lord 
Provost  of  Glasgow,  Sir  Tliomas  Dunlop,  Bart. 

If.f^.soJ ufion.  (1 )  ：  That  in  view  of  the  unprecedented  situa- 
tion created  by  tlie  war  and  the  uncertainty  of  the  future, 
this  meeting  is  of  opinion  that  all  iron,  steel,  eugiiieeriiig, 
shipbuilding,  and  allied  industries  in  this  country  should 
endeavour  to  come  together  in  some  strong  central  organisa- 
tion capable  of  dealing  in  a  comprehensive  and  imperial 
maimer  with  all  important  questions  affecting  these  and  allied 
industries,  which  will  certainly  arise  in  the  near  future. 

l{f  s<tJufi(>f(  (2)  :  That  a  Preliminary  Committee  be 
appointed  to  report  at  an  early  date  to  this  meeting  of  the 
industries  represented  as  to  the  nature,  scope,  and  object 
of  an  organisation  which  could  deal  with  the  conditions 
governing  the  industries  in  question,  and  with  the  Govern- 
ment regarding  any  measures  old  or  new  which  may  affect 
these  industries  after  the  war. 

The  following  were  appointed  members  of  the  Preliminary 
Committee,  viz. : —— 

A.  W.  Anderson  (Urquhart,  Lindsay,  &  Co.，  Ltd.,  Black- 
ness Foundry  J  Dundee),  Aiclid.  Barr,  D.Sc.  (Barr  &  Sti'oucl, 
Ltd.,  Aniiiesland,  Glasgow),  Andrew  S.  Biggart  (Sir  Win. 
Arrol  &  Co.，  Ltd..  Dalmarnock  Ironworks,  JBridgeton),  Archd. 
Colville  (David  Colville  &  Sous,  Ltd.,  Dalzell  Steel  and  Iron- 
works, Motherwell),  Sir  John  Cowan  (Red path,  Brown,  and 
Co.,  Ltd.,  St.  Andrew  Steelworks,  Albion  Road,  off  Easter 
Road,  Edinburgh),  Alex.  Giacie  (Fairfield  S.  and  E.  Com- 
pany, Ltd.,  Go  vail,  Glasgow),  Andrew  Lamberton  (Lamber- 
tou  &  Co.,  Suniiyside  Engine'  Works,  Coatbridge),  J.  H. 
Mathieson  (Alex.  Matliieson  &  Sons,  Ltd.,  11，  East  Campbell 
Street,  Glasgow),  A.  K.  M'Cosh  (William  Baird  &  Co"  Ltd., 
168，  West  George  Street,  Glasgow),  F.  L.  M'Kinnon  (William 
M'Kinnon  &  Co.，  Ltd.,  Spring  Garden  Ironworks,  Aberdeen), 
Noel  E.  Peck  (Barclay,  Curie,  &  Co"  Ltd.,  Clydeholm  Ship- 
yard^ Whiteiiich),  Hugh  Reid  (North  British  Locomotive  Com- 
pany, Ltd.,  110，  Flerningtou  Street,  S]n'iugburn,  Glasgow), 
J.  R.  Richmond  (G.  &  J.  Weir,  Ltd.,  Holm  Foundry,  Cath- 
cai-t),  T.  Cuthbert  Stewart  (Stewarts  &  Lloyds,  Ltd.,  41， 
Oswald  Street,  Glasgow),  Win.  Rowan  Thomson  (David 
Rowan  &  Co.,  231,  Elliott  Street,  Glasgow). 

At  the  first  meeting  of  the  Committee  it  was  agreed  to 
co-opt  Mr.  Wm.  Weir,  Director  of  Munitions  in  Scotland, 
Ministry  of  Munitions,  39，  Elmbaiik  Street,  Glasgow.  The 
Preliminary  Committee  lias  held  nine  meetings,  and  now  pre- 
sents its  report. 

The  following  general  points  it  is  thought  are  of  outstand- 
ing importance  in  the  consideration  of  the  question  : —— 

(1)  (〃)  It  is  assumed  that  the  Government  will  take  a 
more  active  part  m  the  future  in  encouraging,  、by  every 
means  in  its  power,  the  development  of  the  industries  of  this 
country. 

{h)  After  consideration  of  the  various  aspects  of  the  pro- 
bable ])cst-war  conditions,  the  .Committee  is  of  opinion  that 
the  factor  that  will  have  the  greatest  effect  on  tlie  prosperity 
cf  the  country  in  general,  and  the  industries  in  which  we  are 
interested  in  particular,  and  that  will  overshadow  all  other 
factors,  is  the  question  of  increased  production.  Unless  the 
Capaciiv  of  efficieiitly-eqiii|)))ed  iiulustrial  concerns  is  utilised 
to  tlie  fullest  extent,  and  the  largest  available  output  is 
attained,  all  other  measures  of  assistance  or  regulation  will 
be  of  secondary  value  in  attaining  the  expansion  and  pros- 
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])erity  of  our  iiuhisl lies  ami  t ho  foinl'ort  ； uul  well-being  of 
those  employed  in  tliem. 

{r)  1  iHToasetl  productivity  can  only  be  attained  by  a  more 
cordial  co-opei  ation  between  employers  and  employes  than 
has  existed  in  the  past  ；  by  efficient  eciuipinent  and  organisa- 
tion on  the  one  hand,  and,  on  the  other,  by  the  abolition  of 
all  restrictions  and  practices  limiting  output. 

The  existing  policy  of  limiting  output,  and  of  refusing  in 
many  cases  any  system  of  payment  by  results  so  that  employ- 
ment may  last  longer  or  that  more  men  may  be  employed,  is 
agreed  to  be  economically  unsound  and  inimical  to  the  best 
interests  of  the  Empire. 

(f/)  In  order  to  secure  tlie  foregoing,  it  is  essential  that 
ill  the  rennuieration  of  employes  some  form  of  payment  by 
results  should  be  adopted  wherever  possible,  with  basis  rates, 
compatible  with  the  productive  effect  of  labour,  fixed  on  sucli 
a  scale  as  will  ensure  for  all  willing  workers  a  good  and  com- 
fortable standard  of  living.  Once  these  basis  rates  have  been 
equitably  fixed  and  established,  an  increase  in  earnings,  due 
to  increased  results,  should  be  encouraged  in  every  way  ；  and 
workmen  should  have  the  security  given  them,  that  any 
enhancement  of  their  earnings  following  increased  produc- 
tion, will  not  be  made  a  ground  for  rate-cutting,  as  the  whole 
success  of  the  system  must  inevitably  rest  upon  mutual  con 
fidence. 

(f)  In  view  of  the  foregoing  considerations,  any  organi- 
sation which  may  be  instituted  should  be  prepared  to  co- 
operate with  labour,  as  without  such  co-operatioii  and  assis- 
tance the  desired  result  will  be  difficult  of  attainment. 

(/)  All  increased  supply  produced  under  the  improved 
conditions  outlined  above  may  be  confidently  exuected  to 
create  a  correspondingly  increased  demand,  and  that  quite 
apart  from  the  increased  demand  which  it  is  widely  antici- 
pated will  arise  after  the  war.  At  the  same  time,  attention 
and  efforts  must  be  directed  to  maintaining  and  extending 
existing  markets  and  seeming  additional  markets. 

(2)  Supplementing  these  general  considerations,  the  fol- 
lowing is  an  indication,  not  necessarily  exhaustive,  of  the 
objects  that  any  organisation  which  may  be  instituted  should 
have  in  view,  viz. : —— 

((f)  To  direct  the  attention  of  the  Government  and  its 
Departments,  for  their  information  and  guidance,  to  matters 
requiring  consideration  and  action  in  the  interests  of  the 
industries  concerned,  and  to  initiate  and  review  legislative 
proposals  on  commercial,  industrial,  and  econoTnic  matters. 

(h)  To  deal  with  questions  affecting  the  labour  conditions 
and  internal  organisation  and  disabilities  of  the  industries 
concerned,  with  a  view  to  securing  increased  efficiency  from  an 
imperial  and  national  point  of  view. 

(r)  To  educate  and  in  form  public  opinion  in  accordance 
with  its  recoinmendatious  and  findings. 

(3)  As  examples  of  the  questions,  under  these  headings, 
which  might  have  to  be  dealt  with,  the  following  have  been 
mentioned,  but  it  is  to  be  clearly  understood  that  the  Pre- 
liminary Committee  express  no  opinion  on  the  merits  of  any 
])articular  point.  The  examples  are  only  given  as  illustrating 
ill  a  general  way  the  questions  which  might  arise  for  conside- 
ration, viz. : —— 

(ff)  Consideration  of  all  conditions  affecting  trade  and 
industry  proposed  to  be  embodied  in  the  terms  of  peace  or  in 
any  treaty. 

(h)  The  effect  on  industrv  of  regulation  of  imports  and 
exports  by  means  of  tariffs,  subsidies,  or  prohibitions. 

(r)  The  effect  of  existing  banking  methods  on  industrial 
enterprise. 

(d)  The  question  of  facilities  and  rates  for  transport  bv 
rail,  road,  or  water. 

(e)  The  safeguarding  of  existing  and  the  securing  of  addi- 
tional markets. 

(/)  The  establishment  of  efficient  consular  services  in 
relation  to  foreign  trade. 

(//)  Questions  relating  to  sickness  and  unemployment, 
insurance,  and  pensions. 

(//)  Means  of  giving  workpeople  a  continuing  interest  in 
the  prosperity  of  the  iiuluslry  in  which  they  are  eniployed. 

(/)  ReniuiieratioH  of  workpeople  according  to  output,  by 
piecework,  premium  bonus,  or  other  system  of  remuneration, 
and  the  grading  of  labour  according  to  skill  and  ability. 


(/..)  Rates  of  wa^es.  working'  hours,  and  donarcaiioii  oi' 
work  between  skilled  and  unskilled  workpecjple,  beiwtuMi  men 
iind  wonuMi,  and  between  din'eieni  skilled  trades. 

(/)  To  consider  present  promiscuous  met  luxls  and  1  imes 
of  making  general  advances  or  reductions  of  wages. 

( 〃'） Tlie  appreiiticesliip  (juestion 一- how  affected  by  ilic 
experiences  of  tlie  war  and  from  all  points  of  view. 

(") Questions  affecting  the  employment  of  women  workers. 

(") Social  amenities  of  workshops,  and  tlie  well-being  of 
young  people  engaged  in  iiulusiiies. 

(p)  The  effect  on  the  industrial  efficiency  of  the  ruimtry 
of  existing  or  pre-war  restrictions  of  freedom  of  iiiami"' (卜 
nient  and  control. 

(v)  The  provision  of  macliiiiery  for  avoiding  strikes  and 
lock-outs,  and  for  settling  questions  which  arise  between  em- 
ployers and  employed. 

(/•)  The  review  of  the  procedure  of  employers'  associa- 
tions, trade  unions,  or  other  combinations  of  employers  or 
workpeople  where  such  tends  to  interfere  with  the  liberty  of 
the  subject,  without  national  benefit. 

(.、)  Questions  of  scientific  and  technical  education. 

(0  Industrial  research  and  experimental  investigation. 

(//)  Whether  it  is  desirable,  in  view  of  the  grave  disadvan- 
tages which  have  arisen  in  the  past  from  the  failure  of  indi- 
vidual employers  and  individual  workmen  to  carry  out 
agreements  made  on  their  behalf  by  their  accredited  repre- 
sentatives, that  some  method  of  making  the  associations  of 
employers  and  employes  responsible  for  their  members  should 
be  adopted. 

(4)  The  questions  to  be  dealt  with  fall  into  two  divi- 
sions : —— 

(a)  Such  questions  affecting  labour  as  are  best  dealt  with 
directly  between  specific  classes  of  employers  and  their 
employes. 

(J》、  Questions  in  which  labour  is  only  indirectly  interested 
and  which  can  be  dealt  with  separately  by  employers. 

(5)  Questions  which  fall  under  the  first  category  have  in 
the  past  been  dealt  with  between  employers'  associations  and 
trade  unions  with  a  fair  measure  of  success.  In  view  of  the 
uiidesirability  of  multiplying  organisations,  and  of  the  value 
of  the  existing  staffs  with  their  experience,  knowledge,  ami 
records,  it  appears  most  natural  ami  practicable  to  take  ad  van- 
tage of  existing  organisations  and  improve  and  extend  them 
to  deal  with  such  questions.  With  this  object,  existiiiL; 
employers'  organisations  should  include  all  employers  engaged 
in  the  industry  and  within  tlie  district  covered  by  them. 
Where,  in  any  district  or  industry,  no  association  exists,  an 
association  should  be  formed. 

(6)  As  regards  questions  which  fall  under  the  srronr/  cate- 
gory, it  is  considered  that  employers  who  belong  to  associa- 
tions  with  constitutions  which  enable  them  to  deal  Math  such 
questions  are  (subject  to  the  proposal  dealt  with  later)  already 
provided  for.  In  other  cases  either  the  existing  associations 
should  exteucl^tlieir  constitutions  to  cover  sucli  questions,  or 
employers  should  join  some  existing  association  (for  which 
they  are  eligible)  which  covers  the  ground,  or,  as  an  alterna- 
tive only  to  be  adopted  in  the  last  resort,  a  new  association 
should  be  formed  with  an  appropriate  constitution.  In  the 
foregoing  arrangement  it  is  felt  that  associations  should 
neither  as  regards  the  industries  or  areas  covered  be  so  large 
as  to  be  unwieldy  nor  so  small  as  to  be  parochial. 

(7)  111  order  to  co-ordinate  the  activities  of  the  various 
organisations  ；  to  obtain  due  recognition  of  properly-consti- 
tuted employers  and  ein])loycs'  associations  :  to  confirm  in  or 
endorse  voluntary  agreements  between  employers  and  em- 
ployes, and,  where  desirable,  to  give  legal  effect  to  the  recom- 
mendations of  these  associations,  it  is  considered  that  some 
central  organisation  is  necessary  which  should  have  Govern- 
mental recognition  to  give  it  weight  and  authority. 

(8)  It  is  suggested  that  the  central  organisation  should 
Inke  the  form  of  a  Nfilional  Advisory  Council  of  Industry  con- 
sisting of  two  bodies,  viz.  :  representatives  of  employers  and 
representatives  of  employes,  who  would  meet  either  separately 
or  together,  as  the  nature  of  the  questions  to  be  considered 
miglit  require— the  joint  meeting  being  always  (and  the 
川 eetiiigs  of  the  separate  bodies  as  required)  presided  over  by 
the  Minister  of  Inclnsti y  mentioned  hereafter.  The  employers' 
representatives  should  be  elected  by  the  various  employers' 
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organisations,  in  number  and  proportions  to  be  determined 
with  possibly  additional  employers'  representatives  nominated 
directly  by  tlie  Government.  The  employes'  representation 
should  be  similarly  detenninecl.  Government  Departments^ 
niight  also  be  represented  at  the  joint  or  separate  meetings, 
or  mi  gilt,  if  thought  desirable,  constitute  a  separate  bod  v 
available  for  joint  meetings.  This  Governmental  representa- 
tion would  safeguard  the  interests  of  the  State  ami  the  com- 


(3)  If  so  agreed,  the  formation  in  conjunction  with  other 
districts  of  a  National  Advisory  Council. 

(4)  In  conjunction  with  other  districts  to  lay  these  pro- 
posals before  the  Government  and  endeavour  to  enlist  its  sup- 
port in  the  appointment  of  a  Minister  of  Industry  and  the 
fontiatioii  of  a  National  Advisory  Council  of  Industry. 

(5)  To  bring  the  svibstaiice  of  this  report  before  individual 
firms  and  associations  witli  a  recomineiidation  that  noii- 
associatecl  firms  should  join  existing  associations  or,  where 
none  exist,  that  associations  be  formed. 


Detghton's  Steam  Boileii. 

ni unity  as  against  the  personal  interests  of  the  employers  and 
the  employes. 

(9)  In  actual  practice  it  might  be  found  desirable  that 
the  National  Advisory  Council  should  be  chosen  from 
amongst  local  councils  formed  for  large  industrial  areas  ；  for 
example,  Scotland  could  form  one  such  area.  As  some  indus- 
tries are  federated  over  the  wliole  country,  and  others  are 
onlv  associated  locally,  this  point  requires  careful  considera- 
tion. In  any  case,  it  appears  desirable  that  local  associations 
should  federate  with  other  associations  in  the  same  industry 
for  certain  purposes  at  least,  over  as  large  an  area  as  possible. 

(10)  It  is  suggested  that  a  Minister  of  Industry  should  be 
appointed,  and  in  this  connection  tlie  appointment  of  an  indi- 
vidual retaining  a  connection  with  either  the  employers'  or 
the  employes'  side  of  industry  is  undesirable,  as  is  the  appoint- 
ment of  an  individual  having  only  a  poli- 
tical or  a  legal  qualification.  It  is  suggested 
that  while  a  Minister  of  Industry  should  not 
be  a  permanent  official,  neither  should  his 
appointment  nor  retiral  be  dependent  on  a 
change  of  Goverinneut.  Such  a  minister 
would  form  the  connecting  link  between  the 
Government  and  the  central  organisation 
described  in  the  eighth  ])aragrapli. 

The  Preliminary  Committee  considers 
that  the  foregoing  report  covers  the  terms  of 
the  resolution  under  which  it  was  appointed, 
but  in  view  of  the  desirability  of  indicating 
steps  which  might  be  taken  to  give  practical 
effect  to  its  report  (should  it  meet  with  the 
approval  of  those  to  whom  it  will  be  pre- 
sented) the  following  ruiiher  suggestion  is 
made,  viz.  :  Tliat  a  Temporary  Committee  be 
appointed,  representative  of  the  industries 
concerned  in  Scotland,  to  take  steps  to  put 
into  practical  effect  the  general  principles  eiumcialed. 

Without  desiring  to  lay  down  definite  lines  of  action  or 
limit  the  activities  of  such  a  coniniittee,  it  is  suggested  thai 
such  steps  should  include  the  following",  viz.: ― 

(1)  Consultation  witli  representatives  in  oilier  districts  of 
the  indiK^tries  concerned  as  to  whether  such  districts  are  in 
sympathy  with  the  principles  laid  down  in  this  rejKjrt,  and,  if 
so,  to  take  common  action  in  the  niovemeiit. 

(2)  If  so  agreed,  the  formation,  in  con  junction  with  oi- 
tlirougli  local  associalions,  of  local  Councils  or  branches  uf  a 
National  Advisory  Council  of  Industry. 


DEIGHTON  S  STEAM  BOILER. 

The  accompanying  illustrations  show  a  design  of  combined 
multi-tubular  and  water-tube  steam  boiler,  the  invention  of 
Mr.  William  Deigliton,  Beechwood,  Moortown,  Leeds,  Fig.  1 
being  a  side  elevation  partly  in  section.  Fig.  2  a  section  on 
the  line  2.  2,  Fig.  1  looking  in  the  direction  of  the  arrow,  and 
Fig.  3  an  end  view  of  Fig. 】 looking  in  the  direction  of  the 
arrow  3.  The  multi-tubular  portion  A  hay  longitudinal 
headers  B  (having  openings  for  examination)  on  either  side 
somewhat  below  the  horizontal  centre  line,  with  side  walls  of 
tubes  C  for  the  fire  area  and  continuation  walls  of  tubes  D  for 
the  combustion  chamber,  the  approximate  dividing  line  of  the 
two  being  a  fire  bridge  E，  all  of  such  tubes  connecting  with  the 
headers  B,  which  are  in  turn  connected  with  the  generator 
portion  by  curved  pipes  F.  A  cross-header  G,  also  having 
openings  for  examination,  connected  with  the  headers  B  by 
curved  pipes  H，  carries  an  end  wall  of  tubes  J,  the  enlarged 
portion  of  the  combustion  chamber  Y  extending  beyond  the 
generator  portion  A,  being  roofed  in  by  horizontal  water  and 
steam  pipes  K，  connecting  the  tube  plate  of  the  portion  A  with 
the  header  G  so  that  a  flat  arched  roof  portion  is  provided  over 
which  is  placed  a  covering  of  firebrick.  The  lower  ends  of  the 
tubes  C,  D,  and  J  are  plugged  and  are  held  in  bracket  plates 
L,  and  are  provided  with  blow-off  cocks  M.  These  tube  ends 
are  so  arranged  as  to  be  readily  removable  by  drawing  out- 
wardly after  removal  from  the  headers.  Tke  plates  L  are 
secured  to  longitudinal  or  cross  girders.  By  mounting  the  entire 
generator  upon  longitudinal  and  cross  girders,  it  is  self-con- 
tained and  capable  of  being  readily  moved  and  set  as  a  whole. 
The  tubes  C，  D，  and  J  may  be  of  the  "  Field  ，，  or  like  type 
for  circulating  purposes.  They  are,  as  shown  in  Fig.  4,  divided 
by  two  diaphragms  N  O  into  three  chambers  P  P  and  Q，  the 
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P  serving  as  the  uptakes,  being  open  ； it  each 
latter  Q  which  serves  as  the  dowiitake.  The 
N  O  being  rurvecl  enables  a  central  Feed  pipe,  con- 
'UhI  witli  a  feed  inlet  or  ('()('k，  to  be  introduced  if  desired. 
Tlie  back  end  of  the  generator  portion  A  is  siip})ortecl  by  two 
colimuis  passing  tin ou^ii  the  combustion  chamber.  The  front 
oiicl  is  carried  by  a  saddle.  The  spaces  between  the  tubes  form- 
ing tlie  walls  are  closed  by  suitable  laggings  or  refractory 
m;it  (M'i;il.  With  the  general  const  ruction  described  a  (gene- 
rator low  in  Iieiglit  ami  adapted  particularly  for  shallow 
draught  boats  and  destroyers  is  obtained. 
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CAST  IRON  ：  WITH  SPECIAL  REFERENCE  TO  ENGINE 
CYLINDERS.* 

\\\    .1.    l:ll《：.、l:   II  Ui;ST. 

TuK  1  rentl  of  advance  in  r()mit、rl  ion  wit  li  mmlerii  i>rime 
movers,  part  irulurly  int  enial-ooin  bust  ion  eiig'im、s'  would  seem 
to  be  in  the  direciioii  Hie  iniproveinent  of  existing  types 
rather  than  in  the  ant  roduction  of  new  types  oF  engines.  In 
this  connection  the  materials  of  construction  of  the  engines 
occupy  no  mean  share  ot*  attention,  and  cast  iron,  oF  wlii (； li 
the  vitals,  the  cylinders  and  pistons  of  engines,  are  composed, 
is  by  no  means  of  the  least  importance.  The  subject,  "  Cast 
Iron,"  has  been  dealt  with  many  times  before,  by  this  and 
other  institutions,  and  no  doubt  its  importance  in  this  con- 
nectioii  is  fully  realised.  It  is  an  undoubted  fact  that  grey 
cast  iron  possesses  unique  and  invaluable  properties  when 
in  use  as  rubbing  parts,  and  this  being  the  case  one  is  sur- 
prised  to  find  tliat  iinich  is  still  lacking  in  the  way  of  actual 
scientific  enquiry  into  tlie  inechanism  of  the  beliaviour  of 
cast  iron  in  this  respect. 

One  or  two  aspects  of  the  application  of  cast  iron  to 
engine  cyliiuier  construction  are  of  great  importance,  both 
fioni  a  metallurgical  and  engineering  standpoint,  and  the 
study  of  these  has  engaged  the  author  b  attention  for  some 
time  past.  It  must  be  borne  in  mind,  however,  that  the 
subjects  dealt  with  are  by  no  means  fully  exhausted,  and  an 
enormous  amount  of  work  still  rem?  ins  to  be  done  before 
these  points  are  thorouglily  elucidated  and  entirely  under- 
stood. 

Thr  Wfftn'nf/  of  Cast  Iron. ― The  wearing  and  aiitifrictional 
properties  of  cast  iron  are  very  intimately  related  and  un- 
doubtedly interdependent  ；  but  for  the  sake  of  clearness 
ill  id  simplicity  it  will  be  advisable  to  consider  them  under 
separate  headings.  Wear  for  our  purposes  may  be  defined 
as  the  mutual  loss  in  weight  of  two  substances  when  rubbed 
together  over  a  given  period  of  time.  Obviously  when  the 
luunber  of  substances  with  which,  and  the  luiniber  of  modes 
ill  whicli,  cast  iron  can  be  rubbed,  and  so  bring  about  wear,  is 
considered,  the  subject  becomes  one  of  exceedingly  wide 
dimensions.  Therefore,  for  the  purposes  of  this  paper,  it  is 
proposed  to  consider  only  the  case  of  wear  such  as  occurs 
in  engine  cylinders,  that  is,  wear  brought  about  by  the 
mutual  rubbing  or  abrasion  of  cast  iron  by  cast  iron.  . 

The  supreme  difficulty  experienced  in  all  cases  of  wear 
study  is  the  lack  of  any  satisfactory  means  of  reducing  indus- 
trial conditions  to  an  experimental  scale  And  doubtless  it- 
is  to  this  cause  that  research  in  this  direction  has  been  so 
】mig  delayed.  Of  necessity,  therefore,  we  have  to  rely  for 
our  knowledge  of  the  subject'  on  that  chiefly  derived  from 
investigations  of  act  ual  industrial  cases— a  very  slow  and 
j.roloiiged  method. 

The  characteristic  feature  observed  on  the  visual  exami- 
nation of  worn  gas  engine  liner  surfaces  is  that  the  whole 
of  tlie  worn  surface  is  covered  to  a  more  or  less  extent  with 
e-mail  pits  or  holes.  These  holes  or  pits  are  conntioiily  put 
down  by  many  engineers  to  the  coarseness  of  the  grain  of 
the  cast  iron,  and  are  often  considered  to  be  the  holes  from 
which  the  coarse  plates  of  free  graphite  existing  in  the 
original  iron  have  been  detached.  This  is  not  strictly  correct, 
for  as  a  matter  of  fact  on  niicroscopioal  examination  of  etched 
sj)ecinie'is  these  lioles  prove  to  be  the  result  of  the  detacli- 
rneiit.  of  whole  grains  of  any  constituent  from  that  particular 
portion  of  the  surface  of  the  liner.  On  subjecting  worn  liner 
surfaces  to  a  niicroscopic  examination  one  invariably  finds 
tlie  harder  constituents  standing  in  relief  exactly  as  though 
ilie  liner  had  been  subjected  to  relief  polishing. 

Cast  iron  as  a  whole  is  a  rouglornerate  of  a  number  of 
constituents,  ferriie,  pearlite,  cenieiitite,  and  phosphide 
eutectin,  of  widely  difTerent  mechanical  and  physical  proper- 
ties, the  soft  and  ductile  ferrite  and  pearlite  on  the  one  hand, 
and  the  extremely  liard  and  brittle  phosphide  eutectic  and 
cementite  on  the  other  hand.  The  whole  of  the  grains  con- 
stituting- the  mass  are  more  or  less  separated  by  numerous 
graphite  plates,  resulting  in  the  mass  having  a  very  low  inter- 
crystalline  cohesion. 

In  the  engine  cylinder,  under  the  influence  of  the  abrading 
action  of  the.  piston  rings,  tasretlier  with  the  slight  initial 
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sui  tucc  (lisiiitogrn-l  ion,  bi'ou^hl  uIkjuI.  by  1  lu»  st  resHCs  I'eHult  iii^ 
t'loin  the  reaciioii  of  llio  connect ini^  rod,  a  certain  amount  of 
(let ached  inaieriiil  is  produced  wliicli  Ixiconies  powclfM'ed  aiul 
suspended  in  1  lie  filiii  of  oil.  Tliis  suspended  rnai erial,  umh'r 
t lio  influeiico  of  the  rociprocaiin^  motion  of  tlie  piston,  is 
uiulouhledly  responsible  for  1  he  relief  polishing  of  t  lie  surface 
of  the  cvliiider,  result  iii^'  in  I  he  lic'irder  const  il  ueiits,  usually 
the  pliosphide  eutectic  or  the  cenieiitite,  projecting  above  the 
suiTouiuliiii^  material. 

KveiiluaJly,  these  projections,  iogeilier  wit  li  t  lie  other 
oraiiis  cmnposiiiii'  the  su rFace  of  tlie  cylinder,  under  the  in- 
Ilueiioe  of  the  abrading  ad  ion  of  tlie  piston  rings  and  the 
vibratory  stresses  produced  by  the  motion  ol'  the  piston  and 
the  reaction  of  vhe  connecting  rod,  are  loosened  and  subse- 
quently detached,  a  procedure  which  is  no  doubt  facilitated 
by  the  increased  temperatures  and  gas  pressures  inside  the 
cylinder.  Such  is,  in  all  probability,  the  mechanism  of  sur- 
face disintegration  in  engine  cylinders. 

Surface  Flow  riuiioineiui, —— Tt  lias  been  well  known  to 
engineers  for  a  long  period  that  with  cast  iron  j^arts  which 
are  subjected  to  the  influence  of  rubbing  actions,  such  as, 
for  example,  engine  cylinders,  slides,  &('.，  im mediately  such 
parts  have  been  in  use  for  a  sufficient  length  of  time  to  have 
acquired  a  peculiarly  glazed  surface  or  glazed  appearance, 
then  satisfactory  working  of  those  parts  is  obtained. 

The  cylinder  walls  of  high-speed  engines,  after  having 
been  in  running  for  a  considerable  period,  are  liarder,  and 
become  increasingly  difficult  to  file,  and  the  raised  markings 
left  on  the  cylinder  walls  after  a  "  seizure  ，，  lias  taken  place, 
are  often  glass  hard  and  incapable  of  being  filed. 

The  glazy  appearance  produced  on  cast  iron  liner  surfaces 
after  a  period  of  running  is  undoubtedly  very  important,  and 
plays  a  large  part  in  the  reduction  of  the  extent  of  wear,  and 
in  the  efficiency  of  its  aiitifrictional  properties.  Our  conti- 
nental neighbours  would  appear  to  have  realised  this,  and  it 
is  believed  that  some  of  the  large  continental  gas  engine 
manufacturers  subject  their  gas  engine  liners  and  pistons  to 
a  period  of  running  in  the  eiigiue,  previous  to  putting  the 
engine  in  work.  The  object  of  this  procedure  is  undoubtedly 
to  bring  a  bout  the  production  of  t  his  glazy  appearance. 

It  is  very  probable  that  this  glazy  appearance  is  the  pro- 
duct of  a  number  of  different  causes.  The  most  important 
one  appears  to  be  that  under  the  influence  of  alternating 
stresses  brought  about  by  the  motion  of  the  piston,  the  sur- 
face grains  are  deformed  by  being  broken  down  along  tlie 
slip  planes,  ultimately  producing  a  surface  of  very  fine 
crystal  structure.  Micro-examination  of  such  surfaces  reveals 
in  many  instances  very  finely  granular  structures  even  at 
high  iiiagnifi cations.  Such  surfaces  are  liarder,  and  will  be 
obviously  far  less  sensitive  to  the  effects  of  surface  disintegra- 
tion than  tlie  original  coarser  grained  structure.  In  addition, 
owing  to  the  increase  in  the  number  of  crystal  boundaries, 
tlie  total  effect  of  iiitercrystalline  cohesion  is  enormously 
increased,  and  whether  this  enhanced  strength  noted  at  the 
crystal  boundaries  is  due  to  the  influence  of  the  presence  of 
amorphous  cemlut  or  surface  tension,  or  both,  such  super- 
ficial layers  on  liners  must  be  enormously  strong.  The 
presence  of  the  elements  manganese  and  chromium  in  notable 
quantity  undoubtedly  increases  tlie  resistance  of  cast  iron  to 
wear.  This  is  due  to  the  production  of  these  deformed  surface 
layers,  which  are  readily  produced  in  such  irons.  Micrographs 
taken  of  a  gas  engine  liner  surface  after  a  seizure  showed  a 
layer  of  liard  matter.  The  autlior  considers  that  these  layers 
consist  of  detached  material  wliicli  lias  been  bodily  deposited 
oil  the  surface  of  the  liner,  either  from  the  piston  or  displaced 
from  some  other  portion  of  the  liner.  In  all  probability  they 
consist  of,  in  this  instance,  large  ferrite  areas  which  have 
been  detached,  and  owiug  to  their  comparatively  large  size, 
and  under  tlie  influence  of  tlie  intense  pressure,  have  "flowed" 
over  the  surface  of  the  liner.  It  is  very  probable  that  tlie 
intense  heat  developed  in  tins  layer,  owing  to  friction  (which 
can  actually  be  observed  as  a  white  heat),  causes  the  rapid 
absorption  of  carbon  either  from  the  graphite  or  from  the 
lubricant,  or  from  both,  resulting  in  the  production,  at  this 
high  temperature,  of  the  hardenite  solid  solution.  The  cool- 
ing of  this  highly  heated  layer,  in  actual  contact  with  the 
solid  walls  of  the  liner,  is  more  or  less  rapid,  and  according 
to  the  degree  of  rapidity  of  the  cooling,  the  type  of  structure 
and  the  degree  of  hardness  presented  by  tlie  layer  is  deter- 
mined.   On  examination  of  these  layers  luider  the  micro- 
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scope,  when  etched,  structures  are  revealed  which  are  un- 
doubtedlv  iutennediate  between  hardenite  and  pearlite. 
Similar  eflects  are  sometimes  obtained  during  grinding 
operations  on  cast  iron.  Under  certain  conditions  when  the 
wheel  is  said  to  glaze,  in  the  case  of  cast  iron  this  peculiar  hard 
surface  is  produced.  This  is  probably  the  result  of  surface 
flow  ill  a  like  manner  to  that  above. 

Antifrictional  Properties. — It  is  a  well-known  fact,  that 
apart  from  the  wear  of  metals  and  alloys  under  actual  rub- 
bing contact,  that  certain  metals  and  alloys  exhibit  a  special 
])ropertv  of  undergoing  this  rubbing  treatment  in  a  more 
satisfactory  manner  tliaii  others.  The  extent  to  wliich 
a  metal  or  ellov  will  undergo  this  treatment  without  over- 
heating or  seizing,  is  to  a  large  extent  a  property  of  the  indi- 
vidual metal  or  alloy  concerned,  and  this  property  for  the 
jxuposes  of  this  paper  we  designate  its  antifrictional  property. 
It  must  be  understood  that  the  load,  and  possibly  also  the 
speed  under  which  the  mutual  rubbing  action  takes  place,  also 
liave  ail  influence  on  this  property.  For  our  purposes  these 
influences  are  at  present  ignored  and  considered  as  constant. 

Heference  to  the  so-called  antifriction  alloys  affords  an 
interesting  analogy.  Thepe  alloys  are  for  the  most  part  con- 
stituted of  such  metals  as  tin,  lead,  copper,  and  antimony,  the 
proportions  of  which  are  so  designed  as  to  produce  an  alloy  of 
such  a  character  as  to  give  the  most  satisfactory  results  from 
the  point  of  view  of  overheating  and  seizure  when  in  use  as 
engine  or  line  shaft  bearings. 

Experience  has  shown  that  such  an  alloy  should  as  a 
general  rule  consist  of  at  least  two  constituents  of  widely 
different  physical  properties  embedded  iu  each  other.  Wlien 
ill  actual  use  the  surface  of  such  a  metal  becomes  polished  in 
relief,  and  the  harder  constituents  project  above  the  sur- 
rounding matrix,  producing  a  surface  of  an  irregular  contour. 
It  is  considered  that  these  hard  projecting  points  serve  as 
direct  supports  for  the  greater  part  of  the  load,  whilst  the 
minute  hollows  serve  as  minute  reservoirs  evenly  distributing 
1  he  oil  over  the  whole  surface. 

In  the  high-speed  engine  cylinder  the  running  properties  of 
1  lie  material  of  which  the  piston  and  cylinder  are  constructed 
a  re  subjects  of  great  importance  and  demand  wide  recogni- 
tion. Primarily  it  is  owing  to  its  special  properties  in  this 
respect  that  engine  cylinders  are  constructed  of  cast  iron,  and 
it  is  very  significant  that  as  yet  we  have  no  other  material 
tliat  will  successfully  replace  cast  iron  in  this  capacity.  Iii 
addition,  the  limitatio:is  of  cast  iron,  both  in  respect  of  these 
properties  and  also  the  general  mechanical  strength  proper- 
ties, are  a  drawback  to  advance  in  high-speed  engine  design. 

The  general  excellence  of  the  antifrictional  properties  of 
cast  iron  is  comnio  ily  ascribed  to  the  lubricating  qualities  of 
fhp  free  carbon  content.  In  a  large  measure  this  is  quite 
true,  though  not  .Htrirtly  correct,  and,  indeed,  when  it  is 
remembered  that  cylinder  liners  and  pistons  are  in  successful 
use  for  a  number'  of  years  the  influence  of  tlie  superficial 
graphite  content  is  not  sufficient  explanation. 

Exactly  as  is  the  case  with  antifriction  alloys  previously 
mentioned,  under  the  influence  of  the  reciprocating  motion  of 
1  he  piston,  and  the  abrading  action  of  the  fine  particles 
suspended  in  tlie  oil,  a  surface  of  irregular  contour  is  de- 
veloped on  tlie  cast  iron,  the  harder  constituents  standing  in 
relief  as  illustrated  in  the  section  on  wear.  These  minute 
liollows,  together  with  the  holes  developed  as  a  result  of 
suriace  disintegration,  serve  as  diFtributiiig  reservoirs  of  the 
lubricant,  ensuring  efficacious  and  excellent  distribution  of 
the  lubricant  over  the  whole  si'rface.  li  might  also  be  men- 
tioned at  this  point  that  the  "  glazy  ，，  surfaces  presented  by 
cast  irons  after  subjection  to  coiinnuous  moLion,  are  also  an 
important  consideration  in  this  connection,  although  at  pre- 
sent their  influence  is  somewhat  obscure. 

M  icro-Strurf  Nfe  :  Ji/fl/ffNcf'  and  fonslf/rrfffio/f.^, —— It  will 
readily  be  seen  in  this  connection  that  the  micro-structure  of 
cast  iron  is  of  prime  importance.  In  llie  first  place  it  will 
be  evident  that  up  to  a  certain  point,  as  a  result  of  the  wearing 
action  on  cast  iron,  a  surface  possessing  good  antifrictional 
properties  is  produced.  Even  in  cast  irons  containing  no 
well-defined  liarcl  constituents,  such  as  say,  for  example,  plios- 
】)liicle  eutectic,  the  effect  of  surface  disintegration  will  result 
in  the  production  of  surfaces  having  good  antifrictional  pro- 
perties. Obviously,  however,  excessive  wear  as  a  means  of 
obtaininf^  efficient  liner  surfaces  is  liiglily  undesirable  from 
tlie  point  of  view  of  engine  power  development,  and  in  addi- 
tion the  excessive  production  of  debris  resulting  from  surface 


disintegration,  more  particularly  in  the  initial  stages  of  the 
runiiiug  of  linei's,  is  a  coutributoiv  cause  to  "  galling  or 
seizure." 

The  cast  iron  having  the  highest  intercrvsi alliiie  cohesion, 
otherwise  the  highest  tensile  strength,  will  possess  the  greatest 
resistance  to  surface  disintegration,  and,  consequently,  to 
wear.  Under  a  given  load  and  speed,  therefore,  it  would 
appear  that  wear  in  engine  cylinders  is  proportional  to  the 
tensile  strength  of  the  iron.  This  conclusion  was  arrived  at 
by  Messrs.  Ludwig  Loewe  &  Co.，  Ltd.,  from  a  series  of  experi- 
ments in  which  the  wear  was  determined  as  the  loss  in  weight 
after  rubbing  cast  iron  cylinders  for  a  given  length  of  time, 
under  a  given  load  and  speed,  o\^  a  hardened  steel  die. 

Cast  iron  of  the  highest  tensile  strer gth  at  normal  tem- 
peratures is  that  having  the  closest  grained  stiucture  and  a 
free  carbon  constituent  existing  hi  a  very  finely  divided,  or 
alternatively,  in  a  rosette  form.  Generally  speaking,  in  so 
far  as  the  tensile  strength  of  cast  iron  is  concerned,  the 
identity  of  micro— constituents  is  of  little  importance  provid- 
ing the  above  conditions  obtain.  Consequently  it  would 
appear  that  the  corollary  of  tins  statement  is  true,  and  that 
the  identity  of  the  constituents  is  of  little  moment  iu  the  case 
of  wear. 

In  so  far  as  pure  surface  disintegration  is  concerned,  and 
under  ideal  conditions,  this  would  appear  to  be  perfectly  true. 
The  effect,  however,  of  the  action  of  alternating  stresses  on 
the  character  of  the  surface  grains,  and  the  effects  of  the 
differential  polishing  of  these  grains  largely  modify  tliis  con- 
clusion, and  iu  this  respect  the  identity  of  the  constituents 
is  of  importance. 

It  is  yet  too  early  to  state  definitely  the  influence  of  diffe- 
rent constituents  on  the  production  of  "  glazy  "  surfaces.  The 
greater  portion  of  our  knowledge  and  experimenting  in  this 
direction  is  confined  to  tlie  behaviour  of  pure  metals  only, 
and  its  extension  to,  perhaps,  the  most  complex  of  all  alloys, 
cast,  iron,  involves  an  enormous  amount  of  work. 

The  extent  of  the  differential  polishing  of  the  surface 
grains  in  a  large  measure  depends  upon  the  individual  charac- 
teristics of  the  grains.  It  will  be  obvious  that  this  effect  in 
excess  will  rapidly  lead  to  the  inauguration  of  surface  disin- 
tegration. Cast  irons  constituted  of  large  grains,  varying 
widely  in  physical  hardness,  are  an  example  of  this  type  of 
occurrence,  and  the  comparatively  rapid  wearing  of  coarse- 
grained - irons,  consisting  largely  of  ferrite  and  pliospliidc 
eutectic,  is  in  a  large  measure  due  to'  this  cause. 

The  influence  of  wear  in  the  production  surfaces  of  good 
antifrictional  properties  on  cast  iron  has  to  a  large  extent 
been  fully  dealt  with.  Tlie  influence  of  the  general  micro- 
structural  arrangement  on  one  or  two  points  is  of  importance. 
Pliotomicrograplis  obtained  from  polished  and  etched  speci- 
mens of  two  samples  of  cast  iron  showed  in  one  case  a  beauti- 
ful network  arrangement  of  th*?  pliosplnde  eutectic  and 
cementite,  and  in  the  other  a  blotched  appearance,  which,  in 
this  case,  consisted  of  large  ferrite  areas,  around  which  the 
hard  constituent  was  indiscriminately  distributed.  A  micro- 
structure  of  fairly  large  grain  size  is  typical  of  a  compara- 
tively fast  wearing  liner,  although  at  the  same  time  possess- 
ing good  antifrictional  properties. 

It  must  not  be  assumed  that  the  presence  of  the  hard 
constituent,  structurally  free,  however,  is  absolutely  indis- 
pensable for  the  production  of  a  good  wearing  and  running 
liner,  and,  iu  fact,  cast  irons  of  very  low  phosphorous  content 
and  containing  practically  no  structurally  free  hard  consti- 
tuent, give  excellent  results  in  this  respect.  The  study  of  the 
influence  of  pearlite  in  this  respect  is  still  under  investiga- 
tion in  greater  detail,  and  undoubtedly  its  influence  is  very 
important.  Qualitatively  it  may  be  explained  in  part  some- 
what on  the  following  lines.  Pearlite  consists  of  numerous 
very  fine  lamellce  of  the  two  mioro-coi'Stituente  ferrite  and 
cementite,  which  in  individual  properties  represents  the  two 
extremes.  The  result  of  the  polishing  action  on  such  a  struc- 
ture is  the  production  of  a  surface  containing  very  fine  micro- 
scopic clianiiels.  Such  channels  behave  in  exactly  a  similar 
manner  as  fine  capillarv  threads,  distributing  tlie  lubricant 
undoubtedly  by  means  of  surface  tension. 

I/{frfhu-ss  and  了  1'〃〃'. 一 The  lack  of  any  means  whereby  the 
wearing  properties  of  any  material  can  be  tested  and 
readily  adjudged  is  sorely  felt  by  both  engineers  and  metal- 
lurgists alike.  It  is  customary  to  use  the  hardness  number 
wliich  is,  as  a  general  rule,  obtained  by  the  Brinell  metliod 

*  Fostar,  Manchester  Association  of  Engineers,  January,  1904. 
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as  a  means  of  imli(、a"iig  the  vvea ring  properties  ol"  metals. 
As  applied  to  oast  iron  tor  t lie  purposes  of  engine  cylinders, 
t  his  met  hod  is  far  from  satisfactory.  Casl  irons  giving  t  l»o 
same  hardness  numeral  often  wear  at  witlelv  difTereiit  rates, 
and  furthermore,  the  influence  of  the  presence  of  siu*li  ele- 
ments as  inarganese  and  chromiuMi  wliicli.  in  iiornial  per- 
cent a^^es,  are  not  detected  hv  t hv  liaidiioss  nuiiieial  is  most 
ini|)ortant. 

The  unsatisfactory  nature  of  the  Brinell  hardness  ninieral 
in  this  capacity  is  undoubledlv  due  to  a  nmltiplu  ily  of  causes. 
In  the  tirst  place,  an  euonuous  amount  of  \niceitaint y  sur- 
rouiuls  the  definition  of  hardness,  and  it  is  very  doubtful 
whether  the  met  hods  of  detenniniiig  luirdness  actually  do 
determine  this  property  in  its  onliiety.  The  hardness  of  a 
tody,  as  definod  bv  the  nomenclature  committee  appoiuted 
b\'  the  Iron  and  Steel  Tnsiitut'?,  is  "the  resistance  offered  by 
a  body  to  the  •  mechanical  '  sej  aration  of  its  particles."  It 
would  appear  troni  this  definition  that  hardness  and  wear  are 
very  intimately  associated.  Indeed,  it  is  the  author's  opinion 
that  ill  a  homogeneous  material  the  true  hardness  property 
is  its  resistance  to  wear.  From  this,  therefore,  the  lesistaiice 
to  wear  is  a  function  of  the  cohesion  of  the  particles,  or  rather, 
ill  the  light  ot*  more  recent  knowledge  concerning  tlie  archi- 
tecture of  crystalline  bodies,  is  the  resistance  to  deformation, 
and  it  is  therefore  tentatively  suggested  that  the  yield  point 
gives  the  more  correct  indication  of  the  true  hardness.  The 
high  resistance  to  wear  of  some  of  the  i:on-ferrous  alloys,  e.f/., 
antifriction  alloys,  is  in  all  probability  due  to  their  liability 
to  produce  under  the  influence  of  stresses  during  working 
overstrained  superficial  layers.  The  investigation  of  the 
yield  point  in  this  connection  will  doubtless  throw  much  more 
light  on  this  hitherto  somewhat  r.eglected  subject. 

To  return  to  cast  iron.  It  is  extremely  pioVmble  that  wear 
due  to  surface  disintegration  is  not  exactly  wear  in  the  above 
sense,  but  is  really  a  function  of  the  brittleiiess  of  cast  iron. 
The  abrasion  or  relief  polishing  previously  outlined  is  the  true 
wear  in  that  it  depends  upon  the  resistance  to  defonnatiou  of 
the  individual  component  grains.  The  whole  subject,  particu- 
larly in  reference  to  the  material  cast  iron,  it  will  be  plainly 
evident,  i?  extremely  complex  and  involved,  and  an  enormous 
amount  of  work  still  remains  to  be  done. 

The  Brinell  hardness  test  as  applied  to  cast  iron  is  most 
unsatisfactory,  and  it  is  practically  impossible  to  correlate  t he 
figures  obtained  in  this  test  with  the  chemical  constitution  of 
the  cast  iron.  Broadly  speaking,  the  hardness  niinieial  varies 
with  the  combined  carbon  content.  The  presence  of  such  hard 
constituents  as  phosphide  eiitectic  increase  the  numeral.  This 
can  only  be  truly  said  of  cast  irons  obtained  under  exactly 
identical  conditions.  In  such  a  complex  alloy  as  cast  iron 
this  is  not  at  all  surprising  anJ  is  in  all  pro1)al)ility  to  he 
explained  by  the  numerous  subsidiary  influences,  chiefly  t  he 
casting  temperature,  and  the  rate  of  cooling,  whirl i  largely 
affect,  the  structural  arrangement  and  distribution  and  the 
grain  size. 

The  impossibility  of  correlating  the  hardness  numeral 
with  other  mechanical  tests  or  the  chemical  constitution  is 
doubtless  largely  due  to  the  permanent  bodily  slip  of  tlie 
crystals  under  compression,  owing  to  the  presence  of  tlie  free 
carbon  constituent,  and  as  a  result  it  can  only  be  considered 
that  Brinell  figures  on  cast  iron  are  at  all  comparative  when 
the  conditions  uiuler  which  t  lie  s])e('iineiis  are  obt ained  are 
strictly  identical. 

(To  be  continued .、 

Restrictions  on  Manufacture  and  Sale  of  Aluminium.— The 

]Uiiiister  of  Munitions  orders  that  1  he  war  material  to  which 
Regulation  30a  of  the  Defence  of  the  Realm  (Consolidation) 
Regulations,  1914，  applies  shall  include  war  material  cf  the 
followins:  classes  and  descriptions,  nam  el  v  ：  Ahiminiuni  and 
alloys  oi'  alumiuiiuii,  uiiwrouglit  ami  partly  wrought,  includ- 
ing ingots,  notched  bars,  slabs,  billets,  bars,  rods,  tubes,  wire, 
strand,  cable,  plates,  sheets,  circles,  strip.  Aluminium  sera]) 
and  swarf,  aluminium  alloy  scrap  and  swarf,  rem  el  t  eel  alumi- 
nium scrap  and  remelted  aluminium  alloy  scrap  and  swarf. 
Granulated  aluminium,  aluiiiiiiium  powder,  "bronze/"  "flake," 
and  "  flitter/'  The  Order,  dated  July  iMst,  1916,  published  in 
the  "  London  Gazette  "  of  July  28tli,  1916,  relating  to 
aluminium  and  alloys  of  aluniiniiun  tlie  rein  mentioned  is 
hereby  cancelled.  All  applications  for  a  permit  in  conner- 
t'ion  with  the  above  Order  should  be  addressed  to  the  Director 
of  Materials,  Ministry  of  Munitions,  Armament  Buildings, 
Whitehall  Place,  S.W, 


FUEL  ECONOMY  AND  LOCOMOTIVE  BOILER  DESIGN. 


J.  T.  AN  niONV. 


TiiK  importance  of  the  sxihject  of  fuel  eroiioni y  is  full v 
realised  by  all  mechanical  and  operating  oflicials.  The  rnanv 
angles  from  which  it  can  be  approached  and  the  numerous 
points  that  hear  directly  on  it,  are  more  or  less  familiar  to 
all  of  you.  Beginning  wit  li  the  specifications  covering  the 
])urchase  of  the  coal  at  the  mines,  we  nn<(ht  (Miurrieraie  ： 
Inspection  and  loading-  at  the  mines,  storage,  w  cat  herin<(, 
liaiidliug  at  coal  tipples,  loading  on  tenders,  firing  iiisl  ruc- 
tions, water  level  ami  cut -off,  lii})ricat  i()n,  tlrau^lit  iiig  and 
front-end  anaii^eiiieiits,  steam  leaks,  hoilei*  washing,  engine 
tles])atchint(,  train  loading,  and  teniiinal  and  other  delays. 
Other  factors  which  tend  to  increase  the  total  fuel  wasted 
might  be  nientioiiexl— and  the  sum  of  these  would  certainly 
amount  to  an  appreciable  percentage  of  the  total  coal  pur- 
chased by  the  railroads. 

It  is  doubtful,  however,  if  the  losses  enumerated  above 
will  exceed  the  losses  directly  chargeable  to  tlie  boiler— 
despite  all  efforts  to  increase  the  boiler  economy  and  efficiency 
by  the  addition  of  such  devices  as  the  arch,  superheater,  f'eeJ- 
water  heater,  &c.  To  illustrate  the  losses  that  take  place  in 
the  average  locomotive  boiler,  we  will  take  a  typical  boiler ― 
such  as  is  used  on  a  medium  size  Pacific  or  Mikado  engine. 
The  boiler  has  a  grate  area  of  54  sq.  ft"  210  sq.  ft.  of  firebox 
heating  surface,  4,100  sq.  ft.  of  fire  tube  and  superlieater 
heating  surface  (the  tubes  beint(  21ft.  long  and  2^ in.  diani.), 
air  opening-  thi-ough  ashpan  20  per  cent,  of  grate  area,  ami 
air  opening  through  grates  28  per  ceu I . 
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The  chart,  Fig.  1，  shows  average  heat  losses  as  the  rate 
of  combustion  increases  from  301bs.  to  ISOlbs.  per  square  foot 
of  grate  per  l)6ur.  As  might  l)e  expected,  the  results  in  indi- 
vidual tests  varie^l  widely  ；  Init  the  curve  as  drawn  will 
approximate  average  results.  The  most  striking  losses  are 
those  due  to  sparks  and  cinders,  which  exceed  20  pei'  cent . 
at  the  inaxiniiiiii  rate  ；  carbon  monoxide  and  incomplete  com- 
l)ustioti,  which  exceed  13  per  cent.  ；  ami  heat  in  dry  front- 
end  gases,  which  in  some  cases  reaches  1(1  per  cent.  In  addi- 
tion, there  are  comparatively  small  losses  due  to  combustible 
in  ash,  radiation  and  unaccounted  for,  and  heat  losses  in 
evaporating  moisture  in  air  and  burning  hydrogen  in  coal. 

As  shown  hy  the  line  B，  the  over-all  boiler  efficiency 
drops  from  80  per  cent .  at  low  rates  of  combustion  clown  to 
43  per  cent,  at  the  highest  rate.  In  other  words,  wlien  burn- 
ing 301bs.  of  coal  per  square  foot  of  grate  per  hour,  80  per 
cent,  of  the  heat  contained  in  the  coal  is  put  into  the  steam  ； 
v;hile  at  the  niaxirniKri  rate  onlv  43  pei，  cent,  of  the  heat  oou- 
taiiied  in  the  coal  is  traiisfeiTed  to  the  steam. 

It  is  11  ot  eel  that  the  losses  due  to  sparks  and  cinders  and 
incomplete  coiiibiistion  increase  rapidly  as  the  rate  of  com- 
busticm  increases  ；  while  tlie  losses  clue  to  combustible  in  ash, 
radiation,  and  unaccounted  for  also  increase.  Under  the 
same  conditions,  the  losses  clue  to  burning  hydrogen  ami 
evaporating  moisture  in  the  air  remain  almost  constant,  as 
does  the  loss  due  to  heat  in  front-end  gases.  The  sparks  and 
cinders  loss  is  due  in  part  to  the  nature  of  the  coal  ；  but-  largely 
to  the  high  draught  necessary  at  high  rates  of  combustion 

*  Pnper  read  before  the  New  England  Railroad  flub.  October  10th.  lOltJ. 
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and  to  the  absence  of  efficient  baffling  and  mixing  devices  and 
sufficient  combustion  cliamber  space.  The  losses  due  to 
carbon  monoxide  and  incomplete  combustion  are  due  to  the 
lack  of  sufficient  oxygen  at  the  high  rates  of  combustion,  and 
to  lack  of  efficient  inixinu  devices  and  ('oml)ustion  chamber 
space.  The  loss  from  combustible  in  ash  is  d ue  partly  to  the 
nature  ot  the  coal,  but  largely  to  the  design  of  the  grate  and 
method  of  firing. 

Radiation  loss  for  a  well- lagged  boiler  is  comparatively 
small,  though  difficult  to  determine  with  any  degree  of  accu- 
racy. The  unaccounted-for  loss  is  due  principally  to  the  escape 
of  unburned  hydrocarbon  gases,  which  are  not  detected  by 
the  ordinary  front-end  gas  analysis.    The  heat  in  dry  frout- 
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eiul  gases  is  controlled  by  the  temperature  of  the  gases  escap- 
ing at  tlie  front  end  and  the  amoiuit  of  air  used  per  pound 
of  coal  burned.  These  two  factors  also  control  the  loss  due 
to  evaporating  the  moisture  in  the  air,  and  heat  loss  due  to 
the  hydrogen  of  course  depends  upon  the  aniouiit  of  hydrogen 
contained  in  the  coal  and  the  temperature  of  the  escaping 
gases. 

Chart,  Fig.  2，  shows  the  temperature  of  front-end  gases, 
temperature  of  firebox,  and  pounds  of  air  supplied  per  pound 
of  coal,  at  the  different  rates  of  combustion.  It  is  a  difficult 
matter  to  get  a  regular  curve  showing  the'  air  supplied,  on 
account  of  the  wide  variation  in  results  given  by  the  different 
gas  analyses.  This  trouble  is  due  not  to  any  difficulty  in 
making  the  gas  analysis,  but,  to  the  great  difficulty  of  getting 
a  fairly  uniform  sample  of  gas  for  analysis.  All  of  the  heat 
losses  sliown  on  chart  Fig.  1  are  chargeable  to  the'  boiler. 
Some  of  them  are  directly  chargeable  to  the  furnace  (or  fire- 
box), while  others  are. chargeable  to  the  heating  surfaces.  If 
we  ignore  the  radiation  losses  from  the  barrel  of  the  boiler 
and  assume  that  all  the  losses  under  this  head  are  chargeable 
to  the  furnace,  the  sum  of  these  losses ― together  with  those 
due  to  sparks  and  cinders  and  incomplete  combustion ― will 
be  the  measure  o"  the  furnace  efficiency. 

•  This  is  shown  in  chart,  Fig.  3,  by  curve  2— where  the 
furnace  efficiency  is  equal  to  the  heat  liberated  divided  by 
the  heat  in  the  coal.  As  shown,  the  heat  loss  due  directly  to 
the  furnace  varies  from  2  per  cent,  to  40  per  cent,  of  the 
entire  heat  in  the  coal  ;  in  other  words,  this  much  of  the 
heat  contained  in  the  coal  is  not  liberated  in  the  firebox  and 
is  not  made  available  for  absorption  by  the  heating  surfaces. 
Curve  4,  Fig.  3,  shows  the  over-all  boiler  efficiency,  which  is 
measured  by  the  ratio  of  heat  absorbed  to  heat  in  the  coal. 
The  space  between  curves  2  and  4  represents  heat  liberated 
in  the  furnace  but  not  absorbed  by  the  heating  surfaces.  This 
amounts  to  from  18  per  cent,  to  20  per  cent,  of  the  heat 
contained  in  the  coal,  and  of  this  large  amount  a  relatively 
small  proportion  is  available  for  absorption  by  the  heating 
surfaces.  , 

It  is  evident  tliat  the  t 纏 peraUn'e  of  the  gases  flowing 
through  the  flues  cannot  possibly  be  reduced  below  the  tem- 
perature of  tlie  water  or  steam  in  the  boiler.  With  a  boiler 
pressure  of  2001bs.,  the  steam  temperature  is  3880  ;  and  all 
the  heat  required  to  raise  the  products  of  coniliustion  uj)  to 
tins  temperature  is  unavailable  for  absorption  by  the  heating 
surfaces  and  cannot  be  chart^ed  against  them.  As  explainecl 
above,  the  amount  of  this  unavailable  heat  depends  j^rinci- 
pally  upon  the  temperature  of  the  front-end  gases  and  the 
air  supply  per  】)m"id  of  coal.     On   the  chart  it  is  repre^ 


seiited  by  the  space  between  curves  2  and  3.  The  space 
between  curves  3  and  4  represents  the  heat  contained  in  dry 
front-end  gases  that  is  available  for  absorption  but  is  not 
absorbed,  and  this  heat  can  of  course  be  directly  charged 
against  the  boiler  heating  surfaces.  Curve  3，  then,  sliows  the 
amount  of  heat  available  for  absorption,  and  curve  4  shows 
the  amount  absorbed  ；  and  the  ratio  of  heat  absorbed  to  heat 
available  becomes  the  measure  of  the  heating  surface  effi- 
ciency. In  other  words,  the  percentages  expressed  by  curve 
4，  divided  by  the  percentages  of  curve  3，  will  give  a  figure 
which  is  a  true  indication  of  the  healing  surface  efficiency. 

This  heating  surface  efficiency  is  sliown  by  curve  1，  which, 
it  will  be  noted,  ranges  from  about  98  per  cent,  to  88  per 
cent,  at  the  highest  rates,  there  being  very  little  drop  in  the 
heating  surface  efficiency  after  the  rate  of  combustion  gets  up 
to  about  lOOlbs.  of  coal  per  square  foot  of  grate.  It  was 
stated  that  curve  2  shows  the  true  furnace  efficiency,  in  that 
it  represents  the  ratio  of  the  lieat  liberated  to  the  heat  in  the 
coal.  Some  authorities  charge  against  tlie  furnace  all  of  the  un- 
available heat  contained  in  the  products  of  combustion,  main- 
taining that  it  is  the  true  function  of  the  furnace  to  make 
all  of  the  heat  contained  in  the  coal  available  for  absorption 
by  the  boiler  heating  surfaces.  In  this  case,  curve  3  would 
become  the  furnace  efficiency  line.  This  seems  hardly  fair,  as 
a  large  part  of  the  heat  contained  in  the'  gases  (even  with  the 
theoretical  minimum  air  supply)  is  unavailable  for  absorp- 
tion and  should  not  be  charged  against  the  furnace.  Disre- 
garding these  technicalities,  curve  1  will  represent  the  effi- 
ciency of  the  heating  surfaces  ；  curve  2  will  represent  the  effi- 
ciency of  the  firebox  (or  furnace),  and  curve  4  will  represent 
the  over-all  efficiency  of  the  boiler. 

Having  located  and  grouped  the  lieat  losses,  thereby  deter- 
mining the  efficiency  of  thei  heating  surfaces  and  the  furnace, 
the  next  problem  is  to  determine  the  best  method  of  reduc- 
ing or  eliminating;  these  losses  and  increasing  the  efficiencies. 
As  indicated  in  chart.  Fig.  3，  the  losses  directly  chargeable  to 
the  furnace  are  far  s^reater  than  those  chargeable  to  the 
heating  surfaces  ；  and  tlie  firebox,  therefore,  seems  to  offer 
the  largest  field  for  future  improvement.  The  loss  due  to 
sparks  and  cinders  is  due  principally  to  the  high  draught 
necessary  at  the  high  rates  of  combustion.  By  reducing  the 
rate  of  combustion,  we  can  in  a  measure  reduce  tins  Joss. 
Boiler  capacity,  however,  is  of  prime  importance,  and  \ve  can- 
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not  afford  to  reduce  this  capacity  by  reducing  the  amount  of 
coal  fired.  It  becomes  necessary,  then,  to  reduce  the  rate  of 
combustion  by  increasing  the  grate  area.  This  will  enable 
'us  to  carry  a  light  fire  ；  get  a  more  uniform  supply  of  air 
through  the  fuel  bed  ；  reduce  the  lift i tig  action  of  the  draught 
upon  - fine  particles  of  coal  ；  and,  if  accompanied  by  increase 
in  firebox  volume  or  combustion  space  and  efficient  baffling 
devices,  will  result  in  a  material  reduction  in  loss  due  to 
sparks  and  cinders,  as  well  as  those  due  to  incomplete  com- 
bustion and  escape  of  carbon  monoxide  and  iniburiied  hydro- 
carbon gases.  Ill  order  to  burn  coal  completely,  it  is  neces- 
sary to  supply  a  sufficient  amount  of  oxygen  ；  to  mix  the 
oxygen  with  the  combustibles  of  coal,  and  give  them'  time  to 
burn.  Complete  combustion  cannot  be  obtained  unless  these 
requirements  are  met. 

The  effect  of  grate  area  upon  evaporation  is  perhaps  not 
well  understood.  Firebox  heating  surfaces  take  up  practi- 
cally all  ot  their  heat  by  radiation  ；  that  is,  the  heat  travels 
from  the  luminous  fuel  bed,  flames  and  brickwork  by  "  rays  ，， 
or  "waves"  to  the  firebox  heating  surfaces.    The  amount  of 
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ft.  of  eOoct  ivo  HaMU'-radiHtini;  surrace.  At  low  rates  of  com- 
Itustion,  ( lio  aniouiil  volatile  coMihust  i  driven  ofT  would 
not'  1)0  sullicieut  lo  coiiipletoly  lill  1  lie  iirelxjx  with  flame  ；  and 
it  is  |)r()l)al)le  t hat  at  very  low  rates  (around  .'UHIjs.  or  4(lll)s. 
l)'、r  s(|uarc  loot  of  j^Tah'),  t  Uv  lin"""  won  Id  only  l)c  a  Ixjitl 
lialf  lillcd  with  flame. 

This  HssumpI ion  was  taken  in  "lakiiig  the  calculat ions, 
wit  h  results  shown  ])y  the  curves  in  cliarl ,  Fig.  5.  Ah  indi- 
cated by  the  curves,  the  firebox  evaporated  nearly  one-half 
of  the  total  at  low  rates,  and  about  one-third  at  the  highest 
rate.  The  inaximurri  calculated  evaporation  from  the  firebox 
was  21  jOOOIbs.  per  hour,  or  an  equivalent  evaporation  of  prac- 
tically lOOlbs.  of  water  per  square  foot  of  heating  surface. 
To  secure  sucli  evaporation,  it'  would  be  necessary  to  have  a 
temperature  drop  of  140。  between  the  fire  side  and  the  water 
side  of  the  sheets,  assuming  that  we  use  sheets  j^in.  thick,  free 
from  scale,  which  would  give  a  fire  side  temperature  of  528°, 
and  which  is  probably  well  within,  safe  working  limits.  Under 
the  same  conditions,  the  niaxiiiiuni  evaporation  from  the  tuhe 
heating-  surfaces  (including  superheater)  would  be  lOlhs.  per 
square  foot  per  hour  ；  or,  the  firebox  would  be  evaporating 
ten  times  as  much  as  the  tubes  per  square  foot  of  surface. 
An  equivalent  evaporation  of  lOOlbs,  of  water  per  square  foot 
of  firebox  heating  surface  per  ho'ur  seems  abnormally  high, 
but  there  is  no  logical  reason  why  sucli  evaporation  should 
not  be  obtained.  It  is  merely  a  question  of  getting  enough 
radiating  surface  at  a  sufficiently  high  temperature. 

Increasing  the  grate  area  increases  the  area  of  the  fuel 
bed  radiating  surfaces,  and  increasing  the  firebox  volume  or 
combustion  chamber  space  increases  the  flame-radiating  sur- 
faces. Increasing  the  grate  area  also  means  low  rates  of 
combustion,  more  uniform  air  supply,  lighter  fire,  reduction 
in  losses  due  to  unburned  fuel,  an  increase  in  the  percentage 
of  heat  liberated,  and  an  increase  in  firebox  efficiency,  both 
as  a  furnace  or  heat-liberator  and  as  a  lieat-absorber.  It  is 
possible  that  the  value  of  combustion  cliarnber  space  is  not 
fiillv  realised,  for  the  large  number  of  engines  now  being 
built  with  abnonnally  long  boilers  and  flues  offers  oppor- 
tunities for  combustion  chamber  installations  of  which  advan- 
tage is  not  beiiio;  taken. 

Bituminous  coal  is  not  a  homogeneous  substance.  It  burns 
partly  as  a  solid  and  partly  as  a  gas.  The  solid  part  bums 
oil  the  grate  in  the  form  of  fixed  carbon,  while'  tlie  volatile 
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burns  in  the  combustion  chamber  space  as  a  gas.  The  coal 
used  in  the  test  under  consideration  contained  58  per  cent, 
fixed  carbon  and  26  per  cent,  volatile  combustible.  Therefore 
lib.  of  the  coal  contained  SSlb.  of  oarboii,  which,  burned  on 
the  grate,  liberates  8,500  B.T.U.，  and  '261b.  volatile  combus- 
tible, which,  burned  in  the  combustion  chamber  space, 
liberates  6,000  B.T.U.  Thus  we  see  that  more  than  40  per 
cent,  of  the  heat  is  liberated  by  burning  gas  in  the  coanbus- 
tion  chamber  space,  considering  that  all  tlie  fixed  carbon 
bums  on  the  grate.  In  actual  practice,  however,  the  fixed 
carbon  is  not  caniplet  ely  burned  ou  t  he  oral  a  The  oxygen, 
on  coming  in  contact  witli  the  hot  coal  near  the  grates,  com- 
bines with  the  carbon  to  form  carbon  dioxide  ；  and  this 
carbon  dioxide,  passing  up  through  tlie  hot  fuel  bed,  takes 
lip  "lore  carbon  and  is  partly  reduced  to  carbon  monoxide. 


heat  so  reoeivtnl  depeiuls  primarily  upoti  I  ho  ttMuperatiire  ot 
the  radial i  11  bodies  aiul  upon  I  lie  a rea  or  oxteid  ol"  these* 
I'luliatin^"  lioilies,  aiuI  m)t.  upon  t  he  extent  ot'  t  he  lirehox 
heat iiiii  surt"ai'i\s.  The  aniouDt  of  rucliant  heat  t ranst'erred  is 
intliuMU'ed  to  a  small  extent  by  tlie  temperature  of  t he  Hit'- 
Ih)X  lieat iiig"  su rfaccs  :  but  the  elVexU  o  1*  a  sliuht  increase  in 
tenii»erature  here  is  insigiuiicaut  as  com  pared  wit  h  an 
iiicrease  in  tei»i])eratiire  of  tlie  radiat  surfaces,  such  as  t  he 
Fuel  bed  or  the  flames.  When  working  at  ordinary  capacity, 
wit  li  clean  sheets,  it  is  possible  t  liat  I  hp  tojiiperature  of  the 
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fire  side  of  the  firebox  sheets  is  about  440，.  With  this  tem- 
perature of  the  firebox  sheets,  the  amount  of  heat  radiated  by 
each  square  foot  of  radiating  surface  is  shown  by  the  curve 
in  Fig.  4.  From  the  chart,  Fig.  4，  it  will  be  iiked  that  a 
slight  increase  in  temperature  of  the  radiating  surfaces  gives 
a  marked  increase  in  the  amount  of  heat  radiated,  and  there- 
fore ill  the  amount  of  water  evaporated.  Increasing  the  fire- 
box temperature  from  2,040°  to  2,540°  doubles  the  amount 
of  heat  radiated  from  each  square  foot  o'f  radiating  surface, 
ami  practically  doubles  the  evaporation  from  the  firebox 
heating  surfaces.  This  shows  the  vital  importance  of  high 
temperatures,  both  in  fuel  bed  and  flames,  and  is  suggestive 
of  the  ill-effects  that  result  from  bank  firing,  or  the  placing 
of  a  lot  of  green  coal  iu  the  firebox  at  one  time.  In  order  to 
get  the  inaximuiii  evaporation,  it  is  necessary  that  the  fuel 
bed  be  kept  at  a  white-liot  temperature  all  over.  The  bank 
of  green  coal  reduces  the  effective  heating  surface,  reduces  the 
temperature  of  the  firebox,  and  reduces  the  evaporation. 

Accurate  data  on  the  question  of  firebox  evaporation  are 
difficult  to  get,  as  no  conclusive  tests  have  ever  been  made. 
Using  the  available  data  as  a  basis,  however,  there  have  been 
platted  the  curves  in  Fig.  5，  showing  the  possible  firebox 
evaporation  and  tube  evaporation.  The  top  curve  shov/s  the 
^ctual  equivalent  evaporation  from  the  boiler  at  the  vary- 
ing rates  of  combustion.  The'  firebox  evaporation  was  calcu- 
lated, and  the  tube  evaporation  is,  of  course,  the  difference 
between  the  firebox  and  the  total.  The  firebox  evaporation 
was  calculated  by  using  the  firebox  temperatures  shown  on 
chart,  Fig.  2,  and  adding  the  heat  radiated  by  the  flames  to 
that  radiated  from  the  fuel  bed,  assuming  in  all  cases  that, 
the  temperatures  of  the  flames  and  of  the  fuel  bed  were  the 
same  and  that  the  average  temperature  was  that  shown  by 
the  curve,  chart,  Fig.  2.  ' 

The  coal  used  in  the  particulai-  tests  from  which  data  for 
these  curves  were  derived  contained  about  35  per  cent,  vola- 
tile, with  a  heat  value  of  14,500  B.T.U.  per  pound.  With  a 
coal  of  this  volatile  content,  the  firebox  will  be  coinpletelv 
filled  with  flame  at  moderate  cr  liig'h  rates  of  combustion.  If 
the  firebox  is  completely  filled  with  flame,  the  effective  flame 
radiatine^  surfaces  will  be  equal  to  tlie  exposed  firebox  heat- 
ing surfaces.  The  firebox  in  question  had  a  heating-  surface 
of  210  sq.  ft.  Assuming  that  the  fuel  bed  covered^the  side 
sheets  to  a  depth  of  1ft.,  we  would  have  180  sq.  ft.  exposed  to 
t'lie  action  of  the  flame;  and  if  the  firebox  is  completely  filled 
with  flame,  we  could  safely  assume  that  we  would  have  180  sq. 


Jnor  k  ism  ,z  s  J 墜 , t7  iE 一。 A3 


464 


THE   MECHANICAL   ENGINEER.  [December  15,  1916 


After  leaving  the  fuel  bed ,  this  carbon  monoxide  is 
burned  in  the  combustion  chamber  space  and  again  forms 
carbon  dioxide  ；  provided,  of  course,  that  sufficient  oxygen  is 
present  and  proper  inixiiio-  is  accomplished,  Tlie  ainont  of 
tarhon  monoxide  formed  in  the  fuel  bed  depends  u])oii  the 
temperature  of  the  fuel  bed  and  its  thickness. 

Gas  samples  taken  just  above  the  fuel  bed  in  stationary 
furnaces  indicate  that  a  large  percentage  of  the  fixed  carbon 
is  incompletely  burned  to  carbon  monoxide  in  the  fuel  bed. 
While  there  are  no  data  available  as  to  the  exact  percentage 
of  cai'boii  monoxide  t'crnied  in  the  fuel  bed  of  a  locomotive, 
considering  the  teiiiperatiircs  and  thickness  of  the  fire  gene- 
rally carried,  it  is  not  unreasonable  to  suppose  that  the  fuel 
bed  acts  principally  as  a  gas  producer  and  that  at  least  four- 
fifths  of  Ihe  carbon  is  incoiH])letely  burned  on  the  grate.  The 
combustion  of  the  carbon  monoxide  so  formed  is  completed 
above  the  grate  in  the  ccnibustiou  chamber  space.  If  this 
condition  does  exist,  evei'v  pound  of  coal  burned  liberates 
3,750  B.T.U.  in  the  fuel  bed  and  10,750  B.T.U.  in  the  com- 
l)ustion  chamber  space  above  the  fuel  bed.  In  other  words, 
'26  per  cent,  of  the  combustible  is  completely  burned  on  the 
E^rate.  and  74  per  cent,  is  burned  above  the  grate.  While 
these  figures  may  not  be  strictly  accurate,  they  serve  to  show 
1  he  importance  of  ample  coiiibiistion  chamber  space,  and  of 
the  presence  of  tree  oxygen  or  air  above  the  fuel  bed. 

With  a  firebox  temperature  of  2,300*^,  every  pound  of  coal 
burned  produces  1,1 88  cub.  ft.  of  gas.  Of  this  large  amount, 
78  cub.  ft.  is  carbon  monoxide,  which  is  combustible,  and 
17  cub.  ft,  is  a  rich  hydrocarbon  gas,  the  average  composi- 
tion of  which  may  be  taken  as  ethane  (C^H,j).  Mixed  with 
these  combustible  gases  are  20  cub.  ft.  of  carbon  dioxide,  174 
cub.  ft.  of  free  oxygen,  and  890  cub.  ft.  of  inert  nitrogen, 
1  ogether  with  traces  of  sulphur  dioxide  and  v/ater  vapour  ； 
or,  95  cub.  ft.  of  comlnistible  gases  mixed  with  174  cub.  ft. 
of  free  oxvo^en  and  more  than  900  cub.  ft.  of  inert  gases.  To 
put  it  in  another  way :  For  every  molecule  of  combustible 
srases  there  are  ]) resent  less  than  two  molecules  of  oxygen , 
which  are  mixed  with  10  molecules  of  inert  gases.  Tliese 
inert  teases  interfere  with  the  meeting  of  the  combustible 
gases  with  the  oxygen  and  tend  to  retard  combustion.  The 
liijlit  combustible  gases  are  not  difficult  to  bum  if  supplied 
and  intimately  mixed  with  the  necessary  amount  of  oxygen 
and  given  time  to  burn  ；  but  the  relatively  small  amount  of 
oxyger  present  is  mixed  with  such  a  lavoe  amount  of  inert 
gas  that  the  probability  df  the  coinbustil)le  gas  coming  in 
contact  with  the  oxygen  within  tlie  very  limited  time  avail- 
able is  greatly  reduced.  The  heavy  hydrocarbons  are  driven 
off  in  a  semi-fluid  or  pasty  condition,  sometimes  in  the  form 
of  srnali  globules  of  tar,  which  are  very  difficult  to  burn  and 
which  for  the  most  part  escape  unbunied.  The  heat  loss  due 
io  this  source  can  he  reduced  only  by  the  use  of  efficient 
niixinff  devices  and  the  provision  of  long  combustion 
clianibers  and  ample  air  sup])ly  above  the  fuel  bed. 

There  has  been  mentioned  the  time  required  for  combus- 
tion of  the  volatile  hydrocarbons.  The  analysis  of  the  fuel 
used  ill  the  test  showed  that  every  pound  of  coal  produced 
1 ,188  cub.  ft.  of  gas  at  a  firebox  temperature  of  2,300°.  Whea 
"burning  coal  at  the  rate  of  lOOlbs.  per  square  foot  of  grate 
per  hour,  there  is  produced  1，780  cub.  ft.  of  gas  per  second. 
The  volume  of  the  firebox  in  question  is  250  cub.  ft.,  so  this 
firebox  must  disdiarge  and  be  refilled  with  e^as  more  than 
seven  times  per  second  ；  or,  the  time  available  for  the  combus- 
tion of  each  particle  of  gas  is  less  than  one^sev&ntli  of  a 
second.  As  the  rate  of  combustion  decreases,  this  time 
increases  ；  and  as  the  rate  of  combustion  increases,  this  time 
available  decreases.  It  is  very  apparent,  however,  that  by 
increasing  the  firebox  volume  and  the  corn  bust  ion  chamber 
space,  we  increase  the  time  available  for  the  combustion  of 
the  volatile  matter.  We  see,  therefore,  that  combustion 
Hiamber  space  is  valuable  both  as  a  means  of  increasing  the 
efficiency  of  combustion  and  also  as  a  means  of  increasing  the 
raxHating'  surfaces  and  firebox  evaporation  ；  and  as  we 
iiK-rease  either  of  these,  we  increase  ihe  over-all  efficiency  of 
the  boiler. 

The  curves  in  chart,  Fig.  6，  show  tlie  amount  of  heat 
absorbed  by  tlie  firebox  and  tube  surfaces,  and  the  efficiency 
of  the  entire  heating  su r faces  as  compared  wilh  the  tul)e 
heat  ins;  surfaces.  It  will  he  not  eel  that  at  low  rates  of  com- 
bustion  the  tubes  absorb  from  90  per  cent,  to  94  per  cent, 
of  the  heat  available,  while  at  liigh  rates  they  absorb  about 


83  per  cent  of  the  heat  available.  In  other  words,  as  we 
increase  the  aniouiit  of  heat  to  be  absorbed  by  the  tubes  we 
decrease  their  efficiency.  It  will  be  noted  that  the  efficiency 
line  of  tube  heating  surfaces  ahiiost  parallels  that  showing 
the  heat  absorbed  by  the  firebox.  As  the  percentage  of  total 
heat  absorbed  by  the  firebox  decreases,  the  percentage  of  heat 
to  be  absorbed  by  the  tubes  increases,  and  the  tube  efficiency' 
decreases.  It  will  appear  from  this  that  if，  under  any  given 
set  of  conditions,  we  can  increase  the  lirebox  evaporation,  the 
efficiency  of  the  tubes  and  the  over-all  efficiency  of  the  boiler 
will  be  iiicreased.  The  firebox  heating  surfaces  have  an  effi- 
ciency of,  we  might  say,  100  per  cent.  ；  that  is,  these  surfaces 
will  absorb  practically  all  of  the  heat  that  is  available,  and 
by  available  heat  '，  in  this  case  we  mean  the  radiant  heat. 
The  firebox  heating  surfaces  absorb  but  very  little  heat  by 
convection  from  the  hot  gases,  and  the  heat  contained  in  the 
hot  gases  cannot  be  considered  as  available  for  the  firebox 
heating  surfaces.  By  increasing  the  amount  of  heat  given 
off  by  radiation,  we  decrease  the  amount  of  work  to  be  done 
by  the  tubes. 

Flues  take  up  heat  by  convection  ；  that  is，  by  actual  con- 
tact of  the  hot  gases  against  the  flue-heating  surfaces.  The 
amount  of  heat  so  received  depends  upon  the  temperature, 
density,  and  velocity  of  the  gases  passing  through.  As  we 
increase  the  rate  of  combustion,  we  increase  the  weight  ,of 
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volume  of  the  gases  and  therefore  the  velocity.  At  the  same 
time  there  is  r.n  increase  in  the  temperature  and  a  decrease 
ill  the  density.  In  order  to  get  heat  out  of  the  gases  into 
the  fliie-lieating  surfaces,  it  is  necessary  to  bring  the  small 
particles  of  gas  into  actual  contact  with  the.  heating  surfaces. 
To  do  tliis  successfully,  it  is  necessary  to  break  up  the  gas 
into  small  streams  by  the  use  of  small  flues.  As  the  gases 
pass  through  the  flues,  the  molecules  are  vibrating  rapidly 
in  all  directions  and  are  striking  against  tlie  heating  sur- 
faces, giving  up  their  heat.  The  amount  of  heat  given  off' 
w  ill  depend  not  only  upon  the  temperature  of  the  particles 
of  gas,  but  also  upon  the  number  of  blows  they  strike  against 
the  heating  surfaces.  This  depends  partly  on  the  density, 
which  controls  the  number  of  molecules  in  a  given  volume  of 
gas,  but  largely  on  the  diameter  of  the  tube. 

A  decrease  in  the  diameter  of  the  tube  decreases  tlte 
average  distance  of  each  particle  of  gas  from  the  heating 
surfaces.  Each  particle;  will  therefore  have  a  smaller  distance 
to  travel  in  order  to  strike  the  heating  surfaces  :  and  in,  pass- 
ing through  a  flue  of  given  length,  it  will  come  in  contact 
with  the  surfaces  oftener  and  will  give  up  more  heat,  result- 
ing ill  a  lower  front-end  temperature  and  higher  boiler  effi- 
cieiioy.  The  efficiency  of  a  tube  increases  as  the  diameter 
decreases  and  as  the-  lengtli  increases,  though  tests  seem  to 
indicate  that  tube  lengths  in  excess  of  100  or  110  times  the 
internal  diameter  are  not  productive  of  high  capacity  or 
efficiency.  In  other  words,  the  tube-heating  surface  gained 
hy  increasing  tlie  length  above  110  times  the  internal  dia- 
meter is  of  little  benefit  i»i  reducing  front-end  temperatures 
and  ill  increasing  the  boiler  capacity.  It  would  seem,  then, 
that  any  improvement  in  the  efficiency  of  tube^heating  sur- 
faces must  be  brought  about  by  decreasing  tlie  diameter  of 
the  tubes,  or  by  decreasino;  the  amount  of  work  to  be  don©  by 
t  lie  tubes. 

As  was  indicated  by  the  chart,  Fig.  6，  increasing  the  per- 
centage of  heat  Jibsorbed  by  tlie  firebox  reduces  the  percen- 
tage of  heat  to  l)e  absorbed  by  the  flues  and  increases  the  flue 
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rlliriiMicv.  Til  is  incroasc  in  llrol^ox  lioat  al>sori.l  ion  can  1)"- 
oht airunl  l)y  inorensiiii;  t  lu'  i^rate  area,  co!nl)Usli()n  ohambtM- 
space,  "ml,  iieoessarily,  1  \\v  lirohox  lit';"i"g  surfaces.  Tlie  use 
of  larger  lireboxes  and  Ioniser  comhust  ion  cliamhcrs  would 
enable  us  to  mlure  t  he  prcsiMil  oxcossivo  Iciigt  h  of  (hu's,  ； uid 
possibly  lo  increase  their  I'llkuoncy,  by  a  reduction  in  the 
diamettM*.  The  present  lroul)lt\s  on  account  of  tubes  pluf^^giug 
iuid  lilliiii;  up  are  not  duo  lo  llie  sizo  of  the  tubes  uesd,  but 
are  due  entirely  to  the  iiiconiplete  burning  of  the  fuel  in  the 
firebox.  If  the  present  furnace  conditions  can  be  remedied 
to  the  extent  thai  approximately  perfect  combustion  can  be 
obtaiiieil,  there  is  no  logical  reason  why  a  tube  smaller  in 
diaineter  and  shorter  in  length  caiuioi  be  used  effectively  ； 
but  such  tubes  can  be  used  only  in  conjunction  with  a  firebox 
contaiinng-  large  grates,  efficient  bafiliiig  and  gas-iiiixiiig 
devices,  large  volume  and  long  flanie-way  or  combustion 
cluunber  space. 

A  comparatively  small  percentage  of  the  engines  in  ser- 
vice lo-day  are  equipped  with  combustion  chambers,  although 
this  deticieiicy  has  been  partly  overcome  on  more  than  30,000 
locomotives  by  the  installation  of  the  brick  arch.  Wliat  has 
been  said  about  the  value  of  radiating  surfaces,  high  firebox 
temperatures,  complete  mixing  and  baffling  of  the  gases, 
and  combustion  chamber  space,  is  sufficient  to  explain  the 
benefits  derived  from  the  arch  and  to  account  for  its  almost 
imiversal  use.  By  causing  all  the  flames  to  pass  around  and 
over  it,  the  arch  completely  fills  the  firebox  with  the  burning 
gases  or  flames,  and  thereby  increases  the  radiating  surfaces 
as  well  as  the  temperature  in  the  combustion  chamber  formed 
above  the  arch.  The  value  of  this  device  is  thoroughly  recog- 
nised. While  it  has  done  much  to  reduce  fuel  losses  and 
increase  locomotive  efficiency,  it  cannot  overcome  all  of  the 
deficiencies  of  lirebox  or  boiler  design.  It  will  increase  the 
efficiency  of  a  firebox  limited  in  grate  area  or  volume,  but 
the  maximum  firebox  efficiency  cannot  be  obtained  by  the  use 
of  the  arch  alone.  Large  grates  with  medium  rates  of  com- 
bustion and  long  combustion  chambers  are  necessary,  and, 
when  used  in  conjunction  with  the  arch,  will  add  materially 
to  both  the  capacity  and  efficiency  of  the  locomotive  boiler. 

To  summarise  briefly :  (1)  The  capacity  and  efficiency  of 
the  locomotive  boiler  seem  to  be  limited  by  the  inability  of 
the  firebox  to  properly  burn  the  coal  and  liberate  the  heat 
contained.  (2)  The  larger  pait  of  the  heat  losses  (particularly 
at  high  rates  of  combustion)  are  due  directly  to  l  lie  inefficiency 
of  the  furnace.  (3)  The  second  largest  heat  loss  is  that 
due  to  the  heat  escaping  in  the  front  end  gases,  which  is 
unavailable  for  absorption  by  tlie  boiler.  (4)  The  amount  of 
heat  rejected  by  the  heating  surfaces  is  comparatively  small, 
and  the  lieating  surface  efficiencies  are  high,  as  com  pared 
with  the  furnace  efficiency.  (5)  The  efficiency  of  the  furnace 
can  be  increased  by  increasing  the  grate  area  and  reducing 
the  rate  of  combustion,  by  providing  effective  baffles  and 
gas  mixers,  and  by  luci'easing  the  firebox  volume  by  making 
the  fireboxes  as  deep  as  possible  and  equipping  them  with 
long  combustion  cliainhers.  (6)  The  front  end  heat  loss  will 
be  reduced  as  the  efficiency  of  t he  furnace  is  increased  ；  but 
there  will  always  remain  a  large  portion  of  unavailable  heat, 
which  can  only  be  utilised  by  means  of  some  auxiliary 
apparatus,  preferably  a  device  for  pre-heatiiig  the  air  used 
in  the  furnace.  (7)  The  efficiency  of  tlie  heating  surfaces  can 
be  increased  by  increasing  the  radiating  surfaces.  This  will 
result  ill  a  higher  firel)ox  evaporation  and  reduction  in  the 
aiuouui  of  heat  to  be  absorbed  hy  the  flues,  which  in  turn 
would  mean  liiiJ^hei"  Hue  efficiency.  (8)  Increasing  the  size  of 
i'lrebox  and  lenglli  of  coin l)ust ion  chamber  necessarily  means 
shortening  the  flues.  If  the  flues  are  reduced  in  length  to  less 
i liaii  1  ]{)  limes  the  diaineter,  the  decrease  in  efficiency  will  be 
largely  offset  by  the  increase  in  heat  absorption  by  the  larger 
iirebox,  and  can  be  more  than  offset  hy  ilecvenHiug  the  dia- 
meter of  the  flue  to  (； orre«|)oiicl  with  t  he  decrease  in  leiigUi. 
(f))  The  vital  pa rt  of  the  l)oiler  is  (he  firebox.  It  liberates 
and  imhJu^s  avaihihle  I  he  heat  energy  stored  in  t'he  coal.  A 
('()ijsi(!era1>le  |)orlioii  of  this  euei'gy  is  now  being  wasted 
i  lirouf^^h  the  inability  of  the  firebox  to  properly  burn  the  coal. 
The  highest  degree  cf  fuel  6cono!iiy  cannot  be  obtained  while 
i his  <()ii(!ilion  exists.  Future  dovelopnieiits  in  frrehox  desiii;»i 
aloii*;-  iJic  lilies  sii"r ；、 rewt sliould  resiill  in  ;i  still  furl liei'  rediic- 
t  ion  oi'  t  Ik)  coh\  bill  and  an  increase  in  the  steaming  qualifies 
HI  id  effic'ioiicy  of  I  he  locoinolive. 


THE  PROPORTIONING  OF  SURFACE  CONDENSERS. 

i;V  (：1：(»1：(；1,  A.   OI!  i;OK  . 

f)ri(iN(:  1  ho  (iiscussioii  of  niy  ))a[)(*r  on  '  Tli''  Ti  iuisiriission  of 
1 1  <Mt  in  Sui  face  ( 'ondcnsat  ion/'  j  I  \v;is  ask cd  io  pix'siMri 
inrmul;r  covcriii <^  t  he  a])|)licat  ion  of  t  lie  i  (tsults  of  niy  experi- 
im'iits  to  the  design  of  surfacf'-coiKlcnsint;  a])|)ar;it  us.  Siiicr* 
Mie  ap))earance  of  the  paper  tliere  have  been  a  mimU'r  of 
papers  on  allied  subjects  whose  authors  have  a|)])r<)a('iie(J  tlu; 
subject  from  a  somewhat  different  stand  point,  and  tlie  (:oi 卜 
ciusions  presented  have  been  of  varying  cliaracler  and  useful- 
ness ill  tlie  design  of  surrace-concleiisiiig  apparatus.  Only  one 
author,  L()el)，  lias  presented  new  experinieiilal  data  which  can 
be  used  for  clieckiiig  the  lieat-transfer  consiants,  but  consider- 
able mathematical  work  has  been  done  along  the  line  of 
following  out  Jordan's  deductions  from  Osborne-Reynolds's 
statement  of  the  law  of  heat  transfer.  I  propose  in  this 
paper  to  discusw  the  state  of  the  art  of  "  heat  transfer  in 
sur Face  <'ondensation/'  and  to  establish  design  forniuke  for  use 
in  ))ropoi'tioiiiiig  condensing  apparatus. 

T h 《' Probable.  L""*  o  f  Tan ptrafurc  liinf . —— The  law  of 
temperature  rise  of  the  water  in  a  condenser  tube  is  still  un- 
known. Mj  own  tests  led  me  to  believe  that  this  law  departed 
somewhat  from  the  logarithmic  law  as  stated  by  Smith  and 
Josse,  but  their  results  are  sufficiently  variant  to  allow  for  a 
slight  modification.  Loeb,  however,  has  presented  a  set  of 
tests  with  plotted  curves,  from  which  he  deduces  that  tlie  law 
is  of  the  exponential  form,  with  approximately  0*9  as  the 
exponent.  My  plotting  of  liis  iiumbers  places  the  exponent 
nearer  0'8，  both  of  which  are  not  far  from  niy  adopted  figure 
of  0  875.  These  variations  are  not  of  prime  importance  for 
practical  design,  and  indeed  may  be  caused  by  the  apparatus 
used  ill  the  making  of  the  experiments  :  and  I  am  still  of  the 
opinion  that  we  may  use  N  =  KB^^^~''  as  the  basis  of  our  work. 
.V  being  the  total  heat  transfer  per  square  foot  per  hour  in 
B.T.U.,  0  tlie  temperature  difference,  and  A'  a  constant  deter- 
mined by  experiment. 

Viscosity  not  〃〃  //// //ft/iff ft t  Ftn  tor  in  Dtsa/ii . ― 丄 t  has  been 
stated  in  "  Engineering  "  (January,  1914)  that  the  extreme 
variation  in  the  results  of  heat-transfer  experiments  has  been 
caused  by  a  neglect  of  the  variation  due  to  the  viscosity  of  the 
water,  and  quite  an  extended  argument  was  given  to  show 
that  some  of  these  experiments  were  reconciled  when  the 
correction  was  applied.  Wilson  has  carried  this  method  to  its 
logical  conclusion  in  liiri  paper,  '  A  Basis  for  Rational  Design 
of  Heat-Trausfer  Apparatus,"  lately  presented  to  the  Society. 
Our  work  in  the  design  of  surface  condensers,  however,  is 
inainly  concerned  with  a  very  small  variation  in  temperature, 
the  upper  limit  of  which  is  fixed  by  the  vacuum  carried  at 
somewhere  between  80*^  and  90°  Fah.,  while  the  lower  limit  in 
America  is-  between  65°  and  70°,  and  in  Europe  perhaps  a  few 
degrees  l(^wer ― in  all  a  variation  of  perhaps  In  the 

winter  we  can  carry  good  vacuums  with  low  heat  transfer 
and  our  troubles  are  few,  but  the  problem  is  the  su mmer  pro- 
blem, and  here  tlie  difference  in  viscosity  is  small.  As  a  matter 
of  fact,  I  believe  Osborne-Reynolds's  straight-line  law.  does 
not  apply  where  there  is  a  change  of  state  at  either  side  of 
the  metallic  surface.  Observers  making  use  of  this  hypothesis 
have  been  frequently  misled  by  the  bunching  of  the  results  in 
the  condenser  range,  with  the  consequent  spreading  of  the 
results  outside  this  range. 

( ' rii ical  I ' r/or/f  ir.s  JVf  ( <l  3  /〃  ( 'niisHh 厂 〃/. 一 There  has 
been  considerable  coiiiineiit  on  t lie  edect  of  stream  flow  aiul 
turbulent  flow  on  tlie  heat  traiisiiiissioii,  and  as  there  is  a 
marked  change  in  the  friction  characteristics  between  the  two 
states  ()['  flow,  the  coiiclusion  lias  been  drawn  that  t here  will 
be  a  similar  efTect  on  the  lieat-transuiission  cliaracteristirs. 
OKborne-Reyiiohls  investigated  this  subject  and  gave  formula: 
for  the  critical  velocities.  He  finds  two  criMc4l  velocities,  Um; 
lower,  whicli  we  may  call  【,,.，  below  which  all  motion  is 
stroani-li'ie  ami  if  clistri rhed  artificially  v/ill  return  to  stream- 
line flow  :  and  an  upper  critical  velocity,  K., ,  above  wliicli  all 

*  Alistract.  of  pai;er  iviid  at  Mio  anniuil  iiicctir.^  of  Uir  Amrric-in  bocict>  (，:■ 
Mofliaiiiciil  I'lnninoui's.  DciuMiilior  5111  to  Htli,  lOIfi. 

I  It-.'|>i'<HUift;d  ill  UiL-  Mcvli  til  if  <l  IC  irj  I  )h  (.•!■,  Urruuil'tT  SUi,  Svr  1  liijic  7J7, 
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motion  is  turbulent.  lietweeii  the  two  is  a  field  in  which 
stream-line  motion  inay  be  maintained  if  no  artificial  causes 
upset  it,  or  turbulency  may  be  set  up  and  will  maintain  itself 
when  so  started.  He  gives  formulae  for  these  two  velocities, 
wliicli,  following  Parker,  are 

•  '•      0  0388  P      ，  1，      0-2458  P 

I    = — D—  and  1:1-  J) 

whviv  I)  is  tlie  internal  diameter  of  the  tube  in  feet  and  !>  is 
Poisseuille's  ratio,  /.,.，  the  ratio  between  the  viscosity  and 
density  of  the  water.  If  the  values  of  r  二  viscosity  and  8  — 
density  be  taken  in  C.G.S.  units, 

C  =  1-000  at    0。  cent.  (32。  fall.) 
I，  =  56-2— -  =  0-734  at  10°  cent.  (50。  fah.) 

6  [  =  0-455  at  30。  cent.  (86。  fah.) 
This  agrees  with  Osboriie-Reviiolds's  value,  which  is 

P  =  :1   

1  +0-0336  T+0-000221 

wliere  T  is  the  temperature  in  centigrade  degrees.  The  table 
of  correction  factors  in  Wilson's  paper  may  be  used  as  a  table 
of  尸 by  Tnu!ti])lying  the  correction  factors  by  0.625，  thus 
correcting  the  values  to  32°  Fah.  The  critical  velocities  for  a 
liii.  No.  18  B.W.G.  condenser  tube  will  then  be  as  follows,  T 
being  the  mean  temperature  of  tlie  water  ： ― 
T  (leg. 

fah.  40  .->0  (iO  70  80  90  100  U.- >  130  150 
v.:  ...  0-50  0-422  0-3(i2  0-318  0*278  0-2：)  0*224  ("U»2  0' 脑 O'U 
r" … 2-84    2-400   2-000    I'SIO    I'oSO    1-42    1*270    1*090   0,945  0*80 

111  condenser  practice  and  in  most  of  the  apparatus  for 
lieat-trausfer  experiments  it  is  nearly  certain  tliat  the  flow  is 
turbulent  above  F,,.  Velocities  from  6ft.  to  10ft.  per  second 
are  the  common  range  in  iiiodeni  surface  condensers,  so  that 
in  every  practical  case  the  critical  velocity  need  not  be  con- 
sidered. 

Conditions  Determinijig  tlie  Value  of  the  Co-efficient  K 
Surface-condensing  apparatus  is  never  tested  to  the  capacity 
of  the  surface  to  transfer  lieat,  and  Gibson  and  Bancel  have 
sliowii  this  ill  their  characterising  the  "  active  ，，  and  "  in- 
active " zones  in  a  surface  condenser.  The  condenser  must  be 
designed  for  the  niaxinmni  load  that  may  be  put  on  it  when 
tlie  entering  water  is  at  its  maximum  teniperatine,  and  addi- 
tional surface  must  be  installed  as  a  factor  of  safety  against 
dirty,  oxidised  tubes  and  the  presence  of  undue  amounts  of 
air.  The  depression  of  the  hot-well  temperature  below  the 
vacuum  temperature,  a  well-marked  phenomenon  in  many  con- 
densers, may  be  eliminated  by  good  design,  and  many  tests  by 
careful  investigators  have  been  reported  in  wliich  the  depres- 
sion was  zero.  Certain  designs  of  the  dry -tube  type  may  give 
hot-well  temperatures  somewhat  higher  than  the  average  tem- 
peratu re  in  tlie  condenser.  The  lio1>well  depression  is  especi- 
ally marked  where  drowned  lower  tubes  are  used. 

Neilson  and  others  have  objected  to  conclusion  in  my 
1910  paper  that  the  heat  transmission  is  approximately  pro- 
portional to  the  square  root  of  the  cooling-water  velocity. 
Witliin  the  condenser  range  the  experiments  may  perhaps  be 
better  represented  by  A'r、、"'；  instead  of  K  I'V  ''.  Weir  (Trans. 
l.E.S.S.)^  in  liis  paper  read  October  22nd,  1912,  gives  a  curve 
tor  the  relation  of  I— 了  to  1,、、，  for  design  purposes.  The  curve 
corresponds  very  closely  to  V  ―  250  l'、v''  ':,  the  maximum  varia- 
tion being  less  than  2  per  cent.  It  is  possible  tliat  a  closer 
agreement  might  be  secured  by  using  more  figures  in  the  expo- 
nent, but  such  a  procedure  is  liardly  necessary,  as  probably 
we  have  already  exceeded  the  accuracy  of  our  experimental 
apparatus.  The  effect  of  air  in  reducing  heat  transmission  lias 
been  shown  in  my  1912  paper,  and  a  term  introducing  the 
second  power  of  the  pressure  ratios  recomniejidecl  to  allow  for 
it  in  design.  This  subject  is  still  unsettled  and  will  remain  so 
until  Smith's  experiments  are  repeated  on  a  proper  scale,  witli 
known  amounts  of  air  present  in  the  condenser.  We  may  say 
tliat  the  term  [PJP^f-  represents  the  reduction  of  heat  trans- 
mission by  air,  with  a  possible  variation  of  10  per  cent.  The 
difficulty  is  in  obtaining  a  figure  for  the  amount  of  air  present 
and  its  temperature.  The  use  of  the  air  bell  enables  the  oper- 
ating mail  to  keep  his  leaka^^e  down  to  tlie  minimum,  ami 
wliere  water-jet  air  pumps  are  used  the  addition  of  the  testing 
dry  vacuum  punip  and  air  bell  will  usually  pay  for  tlieiii- 
selves  in  a  very  short  time. 


The  attempt  to  find  a  better  tube  material  than  Admiralty 
brass  has  failed,  and  the  standard  tube  to-day  is  a  heat-treated 
Adniiralty-inixture  tube  whose  material  coefficient  is  0*98. 
This  coefficient  can  now  be  neglected.  A  number  of  experi- 
ments with  dirty  and  oxidised  tubes  have  been  made,  but  since 
it  IS  possible  to  clean  a  tube  by  mechanical  means  and  secure 
the  original  heat  transmission,  the  cleanliness  coefficient  may 
be  also  neglected  in  design  and  only  used  in  checking  up  a 
condenser  test  where  allowance  must  be  made  for  a  dirty  tube 
condition. 

Assuming  that  I  had  practically  air-free  steam  in  the 
experimental  apparatus  and  clean  tubes,  the  value  of  K  is 
f/ri'-'.Yr、、".6  =  470.  The  value  630  given  in  my  paper  was 
arrived  at  by  assuming  an  air  pressure  of  about  0'065in.  of 
mercury.  If  the  air-term  influence  be  taken  to  the  second 
power,  7v  =570.  In  both  cases  90  per  cent,  cleanliness  and 
0"98  for  material  were  assumed. 

We  know  that  the  results  of  single-tube  experiments  may  be 
approached  in  real  condensers,  and  the  closer  the  approach 
when  the  condenser  is  supplied  with  sufficient  steam  the  better 
the  performance  of  the  condenser.  We  know  tliat  they  never 
can  be  approached  with  light  loads  or  with  colder  water,  be- 
cause only  so  much  heat  is  transferred  as  is  present.  This 
definitely  prevents  the  use  of  Jordan's  "  mass  flow  ，，  formulae 
or  the  electric  resistance  simile.  These  hypotheses  can  only  be 
true  where  no  change  of  state  takes  place,  and  this  condition 
is  entirely  foreign  to  lieat  transfer  as  met  with  in  condenser 
practice. 

We  may  now  put  down  the  following  principles : ― 
(〃) The  law  of  temperature  rise  in  the  tube  is  of  the  exponen- 
tial form,  with  0-875  =  |  (0*9  or  0'8，  perhaps)  as  the 
exponent. 

(i)  We  may  neglect  viscosity  for  design  purposes  in  America 

where  the  water  temperature  is  65°  to  70。  Fah.,  and 

the  vacuum  28in.  and  over, 
(r)  We  may  also  iieglect  critical  velocity,  since  all  condenser 

velocities  are  far  above  it. 
(//)  For  velocities  in  condenser  practice  we  may  take  K  as 

varying  as  tlie  0*6  power  of  the  velocity. 
(<")  The  reduction  in  heat  transmissive  power  due  to  air  is  very 

approximately  covered  by  the  use  of  a  term  (PJP^y-  as 

a  red  vicing  factor  of  K . 
(/)  For  design  work  we  may  reduce  the  value  of  K  once  for 

all  to  account  for  the  cleanliness  of  the  tube  and  the 

material  itself. 

(//)  Tlie  value  of  K  will  then  be  reduced  to  somewhere  between 
300  and  400  for  design  purposes,  say  325  for  average 
good  working. 

The-  A  nthor's  Method . —— Condenser  specifications  usually 
call  for  the  condensation  of  a  certain  amount  of  steam  per 
hour,  ir  (lb.),  and  the  maintenance  of  a  vacuum  referred  to 
standard  barometer  or  absolute  pressure  P、，  with  condensing 
water  at  a  certain  temperature,  f 、、,  The  quantity  of  con- 
densing water,  Q,  the  hot- well  temperature,  f"  the  power  used 
by  the  auxiliaries  and  the  steam  consumption  of  the  auxiliaries 
may  be  also  specified,  but  the  problem  is  reasonably  deter- 
minate when  11'，  〃、.，  and  f,、  are  known.  It  is  important  that 
the  place  of  measurement  of  the  vacuum  /\  be  specified,  as 
there  is  a  well-defined  drop  through  most  condensers,  tlie 
vacuum  being  greatest  at  the  air-pump  suction,  less  in  the 
condenser,  and  least  at  the  prime-mover  nozzle.  This  drop 
may  amount  in  well-designed  condensers  to  0"2iii.  of  mercury. 
The  specified  vacuum  should  be  measured  at  the  prime-mover 
nozzle,  and  tlie  designer,  according  to  his  judgment,  will  then 
allow  O  liii.  to  0'2iii.  for  the  drop  in  the  condenser. 

The  absolute  pressure  in  the  condenser  will  then  be  29*92 ― 
( vacuum  +  ()'2in.)  =  /\..  The  steam  tables  may  now  be  con- 
sulted and  "  the  temperature  corresponding  to  the  vacuum, 
入二  the  total  heat  and  q  =  the  heat  of  the  liquid  be  taken 
therefrom.  The  final  temperature  of  the  condensing  water 
approaches  "，  and  for  close  work  may  be  f、  =  —  5°.  In 
ordinary  practice,  /,  =  7。，  or  in  some  cases  8。  or  10。.  The 
ratio   of   condensing   water   to  steam  condensed,   wliicli  is 

入  HKiy  next  be  Found.    Many  designers  consider  it 

close  eiiougli  to  use  1 ,()()()  i'or 入 —/，  on  account  of  the  moisture 
in  the  exhaust  steam,  and  some  few  use  968,    I  prefer  to  use 
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/t  -  ,/  not  oil  account  of  its  accuracy,  but  as  a  sli^lit  factor 
safety,    V'  Hu*  (lUiiiilily  of  coiideusiiig  water     117/  iti  11).  |、('r 
hour. 

At  lliis  point  t  lio  size  aiul  t  liicknoss  of  t.lio  coiKUMiser  tubes 
as  well  as  the  water  velocity  must  be  chosen.  Some  large 
installations  use  1  in.  tubes  on  account  of  bad  water  conditions, 
.'iltlioui^li  it  lias  been  slated  that  sniallor  tubes  are  more 
ell'u'itMil  [vitfr  Weiglitoii,  Neilson,  and  Weir).  There  are  no 
definite  experiments  to  decide  this  point,  although  from  Loeb's 
work  oil  '(Mil.  tubes  we  may  deduce  a  value  of  A'-  GOO  against 
A'  ―  470  for 】ny  experiments  on  a  liii.  tube.  Nevertheless,  it 
is  doubtful  if  anything  is  saved  by  the  use  of  auytliiug  smaller 
t  han  i^in.  when  the  piunpiug  head  is  considered.  】j  in.  tubes 
have  also  been  used,  but  the  consensus  of  opinion  seems  to  be 
that  a  lin.  tube  can  be  cleaned  better,  keeps  in  good  condition 
longer,  and  can  be  made  better  than  either  smaller  or  larger 
tubes.  Let  us  take  lin.  tubes,  No.  18  B.W.G.,  as  standard. 
The  forniuLne  may  readily  be  altered  for  other  sizes  of  tubes 
wlien  tlie  constants  are  known.  With  lin.  tubes  velocities 
from  7ft.  to  10ft.  per  second  are  now  usual.  We  may  take  8ft. 
})er  second  as  tl'ie  standard  value  for  1、、.. 

The  luuiiber  of  lin.  tubes  in  one  pass  will  be  given  by  the 
I'onnula 

Q 

" - 990  IV 

The  length  of  water  travel  (/) ,  or  the  total  tube  length, 
may  be  foiiiul  from 

and  the  total  tube  surface  S  from 

、'= 0.262  ///. 

With  lin.  tubes  from  40  to  80  will  occupy  1  sq.  ft.  of  tube- 
plate  area,  depending  on  the  spacing  and  general  design.  The 
a verage  will  be  about  60，  making  the  cross-sectional  area  of 
the  condenser  (square  feet)  equal  to  (>/  x  number  of  passes) 
60.  If  there  are  two  passes  the  length  of  the  condenser  will 
be  A  ―     +  depth  of  water  boxes. 

Best  T u h e  Leiu/thx  and  Tew pf^rdf  itre  Nises, ― The  paper  here 
gives  the  condenser  formulae  proposed  by  Neilsoii  in  his  paper 
read  before  the  Institution  of  Engineers  and  Shipbuilders  of 
Scotland,  together  with  those  published  in  Morrow's  "  Steam 
Turbine  Design,"  and  in  Bauer  and  Lasche's  "  Marine  Steam 
Turbines." '  These  writers  use  tlie  arithmetical  mean  for  the 
mean  temperature  difference.  Neilson  says :  "  Equations  for 
《,i  involving  the  use  of  hyperbolic  logaritlinis  are  not  to  be 
recommended  for  condenser  design,"  the  reason  being  that  the 
steam-air  mixture  in  the  condenser  is  not  homogeneous. 
Weighton,  upon  whose  experiments  Morrow's  work  is  largely 
founded,  did  not  consider  at  all  in  his  paper.  Many  other 
authorities  follow  this  rule  also,  and  I  must  acknowledge  this 
position  to  be  correct  providing  tiiat  equal  iiicrenients  in  the 
^teiii])eratu re  rise  of  tlie  water  in  the  condenser  tube  accompany 
equal  increments  of  length.  The  tests  of  Smith  and  Josse,  as 
well  as  my  own,  have  definitely  proved  that  this  is  not  so. 
Thermometers  placed  in  the  water  boxes  of  any  two  or  three- 
pass  condenser  will  also  show  this  fact  very  plainly. 

Now  for  each  curve  of  temperature  rise  except  the  arith- 
metic there  is  a  definite  relation  of  I j d  whicli  is  best  for  any 
given  condition.  Under  the  arithmetical  law  any  values  of 
〃， //，  and  I  which  will  give  the  necessary  surface  should  be 
equally  efficient,  and  10  tubes  lOOft.  long  should  work  as  well 
as  1 ,000  tubes  1ft.  long  from  the  lieat-traiisfer  standpoint. 

The  cliflfereuces  between  the  logarithmic  law  and  the  expo- 
nential with  ail  exponent  between  0'9  and  0  8  are  quite  small, 
but  the  length  of  the  tube  required  by  tlie  formula^  is  consider- 
ably shorter  using  the  logarithmic  formula. 

Taking  the  steam  temperature  r  at  90°,  tlie  eutraiice 
water  temperature  /<,  at  70°,  and  the  discharge  at  80。，  with 
a  water  velocity  of  8ft.  per  second  and  】in.  tubes,  I  figure  the, 
best  tube  lengths  and  temperatui'e  rises  as  follows : —— 

Tube  Length,  Ft.        Rise  in  Deg.  Fah. 

Arithmetical  law    23*2       0*4 3 10°  per  foot  of  tube 

Logaritliniie  law   0*49 18°  in  (irst  foot 

Exponential   law   (exponent . 

.--.()*875)   26*8       0*5624°  in  first  foot 

It  is  to  be  hoped  that  some  investigator  will  definitely  settle 


t  liis  (|iiosiion  on  wliicli  so  inucli  in  coikIciiscm"  山 'pcmls. 

Tlio  pajxM-  <^ives  a  lo^arilJmiic  (,liart,  lor  ilio  ready  'h'tenni- 
iiutioii  of  sucli  fractional  and  dociinal  |")、vn.s  ninnhcrs  as 
are  called  I'or  by  tlio  fm'mula;  ^mvcii. 


METAL-MELTING  FURNACF. 

\Vk  illustrate  horowilli  a  <lesi;ni  ol'  luniacc  i'or  m<'l"ii 乂 
met  als,  |>art  icularly  l)rass,  "rm'-"id  al，  or  ol  her  iihM  1  I  in-Miri<;s, 
i  lie  joinl  invention  of  Mr.  II.  N.  Davis  and  Mr.  W.  R.  Twif^'g, 
of  tlie  Diamond  Foundry,  Luton,  Beds.  The  metal  to  be  njelted 

is  inserted  into  the  ci ucible  A  at 
a  point  below  the  surface  B  of  tlie 
molten  metal  already  tliereiii. 
For  this  purpose  a  tube  C  of  fire- 
clay is  inserted  into  the  furnace, 
its  lower  end  being  below  the 
working  level  of  the  metal 
tlievein.  Through  this  tube 
the  metal  to  be  melted  is  intro- 
duced, ei  tiler  continuously  or 
、W  intermittently,  aiid  by  gravity  or 
by  any  suitable  mechanical  appli- 
ances. The  molten  metal  is 
drawn  from  the  furnace  by 
simple  overflow  through  tlie 
orifice  E  and  spout  F  by 
siphonage  from  the  bottojii  or 
through  a  tapping  hole,  and  pro- 
vision is  made  for  removing  the 
dross  formed  so  that  the  melting 
operation  may  be  carried  on  con- 
tiniioiisly  if  desired.  Access  to 
the  top  of  the  crucible  is  obtainable  by  means  of  the 
removable  lid  D，  whicli  is  made  in  sections  so  as  to  surround 
tlie  tube  C，  and  which  rest,  as  shown,  on  the  upper  edge  of 
tlie  crucible  and  on  the  top  of  the  furnace  walls.  The  tube 
C  is  provided  with  a  feed  hopper,  as  shown. 


Mi:tal-mklting  Fuunack. 


USE  OF  STEAM  FOR  MELTING  SOFT  METALS. 

An  American  tinn  using  large  quantities  ol"  type  metal  are 
using  steam  successfully  for  melting  purposes.  The  metal,  an 
alloy  of  lead  and  antimony,  is  used  fur  setting  bearings  and 
i he  like  in  cored  castings.  The  alloy  has  a  melting  point  of 
475D  Fall.,  and  it  is  essential  that  it  be  poured  at  a  tempera- 
ture not  exceeding  550。  Fah.  Ordinary  gas-heating  melting 
furnaces  such  as  are  in  common  use  tor  this  kind  of  work 
necessitate  the  constant  vigilance  of  an  attendant  using  a 
Iherriioineter  in  order  to  prevent  overheating  of  the  metal 
bath.  It  was  thought  that  by  means  of  a  coil  containing 
steam  at  sufRcieutly  high  pressure  the  latter  being  kept 
constant  automatically,  the-  metal  bath  could  be  kept  in 
}jroj)er  condition,  ready  to  be  drawn  from  without  an  atten- 
dant. The  ])<essure  at  which  saturated  steam  has  a  tempera- 
ture of  550】  Fah.  is  l,0501bs.  per  square  inch.  It  was  found, 
however,  tliat  to  ensure  transfer  of  heat,  desirable  to  em  ploy 
a  temperature  of  600。  Fah.,  corresponding  to  a  pressure  of 
] ,5751bs.  per  square  inch.  An  apparatus,  consisting  of  a 
receptacle  carrying  a  steam  coil  for  heating  a  cast-iron  cruci- 
ble connected  to  a  high-pressure  boiler  of  special  design, 
heated  by  gas,  fulfilled  the  requirements.  The  details  of  the 
apparatus  have  worked  reliably  in  practical  operation,  and 
it  is  possible  to  keep  the  metal  in  a  melted  condition  at  the 
desired  temperature,  read}'  for  instant  use,  without  more 
attention  than  a  casual  glance  at  the  pressure  gauge. 


American  Shipbuilding.  — According  to  "Marine  Engineer- 
ing/' over  1 ,500,000  tons  of  vessels  are  under  contract  in 
American  shipyards,  comprising  198  cargo  boats,  91  tankers, 
1  'J  passenger  and  cargo  steamships,  35  towboats,  yachts,  river 
boats,  and  other  small  steam  craft,  60  or  more  sailing  vessels, 
most  of  them  with  auxiliary  power,  150  or  more  car  floats, 
barges,  ；  and  contracts  are  offered  for  100  or  more  vessels 
if  shipbuilders  can  find  the  steel  and  launcliiiig  ways.  Dui、- 
ino-  the  past  15  years  the  average  tonnage  built  in  American 
s}n])y;i!-(!s  has  heeii  about  250,000.  To  be  added  to  the 
activitv  in  merchant  sliips  is  the  Government  naval  pro- 
^ramitie  which  calls  for  the  building  of  over  £120,000,000 
worth  of  war  vessels  in  the  next  five  years. 
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BOILER  EXPANSION  EXPERIMENTS. 

TiiL  results  of  tests  made  on  the  New  York  Central  Kaili 
system  to  determine  relative  movements  of 
tive  firebox  sheets  and  tubes  under  working  condi- 
tions are  given  bv  D.  R.  Macbain  in  the  October 
issue  of  the  Railway  Mechanical  Engineer."  The  experi- 
inenls  showed  that  the  expansion  of  the  outer  sheets 
was  greater  in  every  case  than  that  of  tlie  inner  sheets,  which 
would  seem  to  account  for  the  breakage  of  the  back  head 
and  throat  sheets  along  the  outer  ro .v  of  stayboUs,  also  for  the 
vertical  cracks  in  the  side  sheets  as  well  as  the  cracks  extend- 
ing from  the  arch  tube  holes.  It  was  also  found  by  means  of 
a  needle  connected  with  the  inner  tLroat  sheet  and  passing 
through  the  outer  throat  sheet  that  the  inner  tube  sheet 
moved  outward 吉' Win  .  when  the  fire  was  started,  and  before 
t  he  circulation  was  fully  established,  and  later,  wlien  steam 


/1 


j 


FIG.  2 


1  i/rr 

\,、 

\ 

-、 

、 

、 ~_ 



r 

'  FIG.  3 

pressure  began  to  rise,  backward  about  ^,； in.  The  first  inove- 
Mient  throws  some  ligiit  on  the  cause  of  the  side  sheet  crop- 
ping out  along  tlie  fire  line,  as  it  does  sometimes. 

Aiiotlier  source  of  trouble  was  found  with  the  breakage 
oJ*  slaybolls  in  some  of  the  wide  firebox  engines.  It  was  be- 
lieved previously  tliat.  the  cause  of  1  hese  bolts  breaking  was 
t  he  SriiTie  as  1 1 1 ；]  1  which  was  responsible  for  the  leaky  side 
slicoi  seams,  and  I'ui't  her  \  hat  t  lie  elimiualion  of,  excessive 
st;ivl){)ll  breakage  would  result  in  ； i  (me  for  Ihejsc  leaky 
sc;u?is.  Willi  rigid  I)f)lls  it  was  (jiiilc  commmi  lo  liml  aiiy- 
w  here  f  rom  t  liree  to  five  or  mon;  bolts  broken.  An  exjjeri- 
irioiit  was  t  lierelore  t  ried  on  an  Ailaiitic-tyj)e  engine  while  it 
was  undergoing  repairs.  A  heavy  tern  plate  was  fitted  from 
the  side  of  the  boiler  when  the  boiler  was  cold,  and  was 
Hrnily  clamped  at  its  cent  re  to  the  boiler.  The  fit  was  very 
(•;u'('「idl、'  inade.  The  engine  was  tlieii  fired  up  and  the  effect 
nl'  licai in<^  up  1  he  boiler  to  tlio  point  wIhtc  2()0ll>s.  of  steam 
was  obtained  caused  1  he  wrapper  sheet,  to  bulge  out  so  thai 


there  was  ^^V^H-  opening  between  the  template  and  the  wra})- 
per  sheet  at  both  ends  of  the  template.  This  appareiitJy 
explains  the  cause  of  the  breakage  of  the  stayboUs. 

In  Older  to  determine  whether  this  distortion  of  the  boiler 
was  caused  by  the  pressure  or  the  heat,  the  template  was 
carefully  refitted  and  a  pressiu'e  of  22 5 lbs.  of  cold  water  put  on 
the  boiler.  The  l eniplate  retained  its  shape,  which  proved 
conclusively  that  the  distortion  was  due  to  the  temperature 
and  not  to  the  pressure.  The  application  of  three  rows  of* 
flexible  staybolts  stopped  the  trouble  and  cured  tlie  leaky- 
seams. 

Experiments  were  also  made  to  deteriniiie  why  the  back 
and  front,  tube  sheets  become  deflected  or  distorted.  It  was 
believed  that  while  the  boiler  was  working  and  liad  a  hot 
fire,  the  expansion  in  the  boiler  proper,  tliat  is,  between  the 
tube  sheets,  was  greater  than  in  the  tubes.  An  experimen- 
tal set  of  tubes  was  installed  in  a  large  Pacific-type  locomo- 
tive, each  tube  being  given  a  drop  of  ^iii.  at  the  centre,  but 
fastened  at  each  end.  A  rod  was  fastened  to  one  of  the  to)) 
tubes  at  the  centre  and  exteuded  up  through  a  stuffing-box  in 
tile  boiler  shell,  as  shown  in  Fig.  1，  the  outer  end  being- 
attached  to  a  recording  device  which  would  register  the 
movements  of  the  tube.  Fig.  2  shows  the  result  of  a  standing 
test  from  the  time  the  fire  was  started  until  2001bs.  pres- 
sure in  the  boiler  was  obtained.  Almost  immediately  after 
the  fire  was  started  the  tube  deflected  still  more  until  it  had 
reached  ^iu.  It  remained  in  this  position  for  a  short  time 
and  then  it  rose  and  was  about  |in.  above  its  normal  position 
when  the  steam  pressure  befan  fco  rise.  It  rose  gradually 
until  1751bs.  pressure,  and  then  rose  leather  abruptly.  This 
rapid  rise  may  have  been  due  to  the  needle  sticking  a  little  in 
the  stuffiiig-box.  Fig.  3  is  the  record  of  anotlier  test,  namely, 
on  a  road  trip  from  West  Albany  to  Rotterdam  Junction. 
The  solid  lines  are  readings  taken  when  the  throttle  was  open, 
and  the  dotted  lines  with  tlie  throttle  closed  and  the  engine 
drifting.  It  is  seen  that  immediately  upon  starting  the  tubes 
began  to  deflect,  and  rose  when  the  engine  was  not  working 
steam . 

An  investigation  was  also  made  to  determine  the  direction 
and  extent  of  expansion  in  a  tube  sheet  resulting  from  pros- 
seriiig  a  set  of  new  tubes.  A  circle  of  as  large  diameter  as 
possible  was  described  on  the  tube  sheet,  and  after  the  tubes 
had  been  set  it  was  found  tliat  this  circle  bad  increased  or 
had  widened  out  ^j^^iii.  at,  the  side  and  bottom  and  -^'^w .  at 
the  top.  It  has  been  Ihe  expei  iei.ce  there  that  the  3iii. 
radius  for  the  tube  sheet  flange  will  give  better  results  tliaii 
the  2iii. 

Data  on  the  relative  movements  of  the  back  tube  sheet  to 
the  throat  sheet  are  given  for  the  time  from  the  moment  the 
boiler  is  heated  up  and  raised  to  2001bs.  pressure  and  released 
back  to  zero  pressure.  It  was  found;  that  it  is  necessary  to 
allow  some  freedom  to  the  sheets  longitudinally  in  order  to 
avoid  excessive  strains  being  set  up. 


ASSISTANT  ENGINEERS  FOR  THE  MINISTRY  OF  MUNITIONS. 

The  following  letter,  has  been  issued  by  the  Institution  of 
Mechanical  Engineers,  Westminster,  London,  S.W. :  Sir, 一 I 
have  been  requested  by  a  Goveniineiit  Department  to  receive 
applications  from  a  number  of  assistant  engineers  who  would 
be  willing  to  undertake  work  as  salaried  and  whole-time 
officers.  It  is  desirable  that  candidates  for  these  posts  should 
not  only  be  well  qualified,  but  experienced  in  tlie  values  oF 
machinery  and  questions  of  depreciation  of  tiiachiuery.  1 
know  that  many  members  of  tlie  Engineering  Institutions, 
who  are  above  military  age  or  otherwise  incapable  of  giving 
military  service,  are  anxious  to  serve  tlieir  country  in  a 
capacity  in  which  their  professional  expcn'iem'e  may  be  o[. 
value.  The  salaries  for  the  positions  in  question  raii^e  honi 
about  £250  to  £400  per  year.  Ap|>li<'al'i()"s  should  state  ago 
of  the  candidate,  and,  il'  lie  is  of  military  age,  why  lie  is  not 
ill  military  service,  and  should  give  details  o F  the  candidate's 
(jualifications,  past  training,  and  experience,  and  should  be 
sent  to  the  above  address  marked  "  Private."  Suitable  candi- 
dates will  be  interviewed  by  Captaiu  H.  Riall  Sankey,  C.B.， 
R.E.,  and  Mr.  Charles  L:  Morgan,  M.Iiist.C.E.,  and  will 
receive  a  ('onnnunication  on  the  subject  of  ati  interview  in  duo 
course.  I  am，  Sir,  Your  obedient  servant,  (signed)  W.  C. 
Uuwiii,  ])resident. 
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THE  INTERNAL-COMBUSTION  ENGINE.* 

BY  DUGALl)  ('U':KK,  D.SC,  F.U.S.,  M.IN8T.C.K. 

{Concluded  from  page 

The  engineering  and  commercial  development,  of  ilie  4- 
stroke  engine  proceeded  simultaneously  in  England  and  Ger- 
many. The  Messrs.  Crossley,  of  Manchester,  constructed 
】i"uiy  thousands  of  these  engines,  and  as  the  result  of  stud》 
and  experience  they  made  numerous  improvements  of  an 
important  kind.  The  German  works,  the  Gasniotoren 
Fabrik,  of  Cologne,  under  Dr.  Otto,  continued  the  work  in 
Germany,  and  this  company  also  constructed  large  u umbers 
of  engines  ：  and  Dr.  Ott  o,  PI  err  Daimler,  his  works  manager, 
and  others  produced  important  modifications  and  iinprove- 
ineiit^.  All  the  numerous  engine  works  established  on  the 
Continent  and  in  America  were  enabled  to  work  successfully 
from  the  experience  produced  in  the  first  instance  by  these 
two  firms.  The  early  development  of  the  engines,  however, 
was  seriously  hampered  by  an  erroneous  theory  of  the  action 
of  the  explosion  under  compression  held  by  Dr.  Otto  and 
supported  in  Germany  by  a  physicist  even  so  learned  as  Dr. 
Slaty.  This  erroneous  theory  also  received  support  from 
several  English  scientific  men  of  eminence.  According  to  Dr. 
Otto,  all  gas  engines  previous  to  his  4-stroke  motor  of  1876 
obtained  their  power  from  the  explosion  of  the  homogeneous 
charge  of  gas  and  air.  By  this  explosion  excessive  heat  was 
supposed  to  be  evolved,  and  the  pressures  produced  rapidly 
fell  away  and  the  excessive  heat  was  rapidly  absorbed  by  the 
enclosing  cold  walls.  This,  Dr.  Otto  said,  caused  great  loss 
and  gives  very  wasteful  engines.  The  two  methods  were  open 
to  obtain  better  economy  :  (1)  by  using  a  very  rapid  expan- 
sion so  that  the  heat  had  but  little  time  to  be  dissipated  ；  (2) 
by  using  slow  combustion,  that  is,  by  causing  the  inflam- 
mable mixture  to  evolve  its  heat  slowly,  so  that  the  produc- 
tion of  excessive  temperatures  and  pressures  was  avoided. 

The  Otto  and  Langen  engine,  with  its  shooting  piston, 
obtained  its  economy  by  long  very  rapid  expansion  ；  the 
Otto  4-stroke  compression  engine  was  supposed  to  obtain  its 
economy  by  a  gradual  evolution  of  heat  throughout  the 
stroke,  produced,  as  Dr.  Otto  thought,  by  the  stratifying  of 
a  charge  of  gas  and  air  in  the  cylinder.  This  false  theory 
of  the  action  of  compression,  if  persisted  in,  would  have 
blocked  all  improvement  in  power  and  economy  upon  the 
very  moderate  results  obtained  in  1876.  The  greater  part  of 
the  credit  of  working  out  the  true  theory  of  operation  of 
compression  gas  engines  falls  to  Great  Britain  A  paper 
read  by  Clerk  before  the  Institution  of  Civil  Engineers  in 
London  early  in  1882  discussed  the  theory  of  compression, 
and  proved  definitely  and  numerically  the  relative  improve- 
ment in  thermal  efficiency  to  be  expected  by  using  compres- 
sion previous  to  ignition.  That  paper,  in  fact,  established 
the  air  standard  of  efficiency  for  internal-combustion  motors. 
This  was  taken  up  later  by  Dr.  Amie  Witz，  of  Lille,  and  the 
whole  subject  was  dealt  with  fully,  so  far  as  the  knowedge 
at  that  time  allowed,  in  a  book  published  by  Clerk  in  London 
in  1886.  In  that  year  also  a  paper  was  published  at  the 
Institution  of  Civil  Engineers,  also  by  Clerk,  giving  the 
results  of  investigations  upon  the  different  maximum  pres- 
sures produced  by  mixtures  of  coal  gas  and  air  ignited  at 
atmospheric  pressure  within  a  large  closed  vessel.  In  that 
paper  the  whole  subject  was  dealt  with  quantitatively,  and 
it  was  proved  that  the  conditions  of  economy  were,  so  far 
as  explosion  is  concerned,  due  to  the  use  of  moderate  tempera- 
tures produced  by  homogeneous  explosive  mixtures  ；  stratifi- 
cation was  proved  to  have  nothing  whatever  to'  do  with 
economy.  Other  investigators  took  up  the  work  of  Britain, 
and  explosive  experiments  with  various  mixtures  and  pres- 
sures of  gas  and  air  were  made  both  in  American  and  German 
colleges  which  corroborated  Clerk's  results.  The  modern 
improvement  of  thermal  efficiency  flows  from  a  knowledge  of 
the  true  theory  of  compression,  and  by  the  aid  of  abstract 
knowledge  the  indicated  thermal  efficiency  in  commercial 
intental-combustion  motors  has  risen  from  16  per  cent. ― 
Otto's  results  in  1876 ― to  35  to  40  per  cent. ― results  of  high- 
coJiipression  engines  used  to-day.  A  very  important  portion  of 
the  work  of  investigation  of  the  conditions  of  gaseous  explo- 

*  Pam'  read  before  the.  Royal  Society  of  Arts,  November  29th,  1916.  First 
flelivered  at  Newcastle-on-Tyne,  September  4th,  1916,  at  the  meeting  of  the  British 
Association. 


sioiis  is  due  to  I  lie  (iascous  ExplosioiiH  ( 'oiiiiiiil  I  <■*•  ol"  t  lio 
Mrilish  Associat ion.  Tluit  committee  wa8  I'oniKMl  at  tlie 
lioicester  meeting  in  1907，  and  a  great:  deal  of  iiiiporl anl- 
experimental  work  has  hee'i  ac(;(>mj)lishe<l  by  its  incinlxii-s  in 
the  nine  years  which  have  elapaed. 

Notes  oil  experimental  investigatioi'  into  explosion  tem- 
peratures; rates  of  temperature  rise  and  fall  ；  dissociation 
of  steam  and  carbonic  acid  ；  radiation  during  clieniical  corn- 
))iiiation  and  after  ；  variation  of  specific  heat  of  air,  nUrogeii, 
carbonic  acid  and  steam  with  increase  of  temperature  ； 
causes  uf  varying  rates  of  inflammation  ；  comparing  closed 
vessel  explosions  with  engine  cylinder  explosions,  teTn[)era- 
iures  of  cylinder  walls  and  ])istoiis  ；  coinjiosition  of  exhaust 
gases,  suction  and  exhaust  temperatures;  variation  of  heat 
loss  during  expansion  at  differing  gas  densities  ；  intern al 
energy  of  gases  at  high  and  low  temperatures,  and  many  other 
matters  liavo  been  submitted  and  discussed  by  Callencler, 
Clerk,  Coker,  Dalby,  Dixon,  Peiavel,  Ilarker,  Hopkiiisoii, 
and  "Watson. 

Independent  chemical  work,  too,  has  been  accomplished 
by  Bone,  Dixon,  and  Sniithells,  while  13urslall  has  rr-acle  addi- 
tional investigations  on  temperatures.  The  properties  of  the 
working  fluid  of  the  internal-combustion  engine  at  high  and 
low  temperatures  have  thus  become  known  to  the  engineer 
and  inventor  to  assist  him  in  making  further  departures 
intended  to  increase  the  power  of  those  motors  to  compete 
more  and  more  with  the  very  large  steam  turbines  and 
reciprocating  steam  engines  of  to-day. 

Five  reports  have  been  published  by  tlie  British  Associa- 
tion summarising  these  separate  investigations. 

ft  or  many  has  also  carried  out  some  investigations,  pi'in- 
cij)^lly  at  the  Reichsaastak,  in  Berlin.  On  the  whole,  how- 
ever, the  German  scientific  work  on  this  subject  is  tm"、h 
inferior  in  importance  to  the  British.  Most  valuable  French 
work  has  been  also  done  from  liegnault  to  Mallard  and  Le 
Chatelier,  Berthelot,  and  Witz. 

Some  American  work  has  also  been  performed,  but  un- 
doubtedly the  English  work  on  the  nature  of  gaseous  explo- 
sions dealing  with  questions  of  varying  specific  heat,  rate  of 
heat  loss  to  walls,  effect  of  polished  inner  surfaces,  radiation 
effect,  ai】d  the  discussions  on  dissociation  have  proved  of 
vital  importance  to  the  science  of  this  subject.  Curiously 
enough,  the  German  scientific  men  are  far  behind  in  the 
theory  of  these  motors,  although  their  practical  instructors 
have  done  excellent  work,  even  with  most  erroneous  ideas 
of  the  nature  of  the  forces  with  which,  they  were  dealing. 

The  stationary  internal-combustion  engine  industry  grew 
very  rapidly  in  England,  and  as  will  be  seen  from  the  figures 
already  given,  the  German  industry  in  1907  was  smaller  than 
the  English  industry,  and  just  before  the  war  it  is  believed 
that  the  proportion  of  industrial  engine  work  in  England 
and  Germany  was  practically  the  same  as  in  1907.  An  im- 
pression has  grown  in  this  country  that  Germany  was  more 
advanced  in  the  application  of  intenial-conibustioii  power 
than  we  are  Ifieve.  This  is  due  to  the  fact  that  the  Germans 
have  de\^oted  much  more  attention  to  the  large  cylinder  gas 
engine  and  oil  engine  than  tlie  British.  English  engineers 
have  never  been  satisfied  with  the  existing  line  of  develop- 
ment of  these  large  cylinder  engines.  From  the  scientific 
point  of  view  they  consider  that  the  building  of  large  engines 
practically  without  modifications  of  either  thermodynamic 
or  operative  cycle  was  a  costly  mistake  leading  to  develop- 
ment in  a  wrong  direction.  Accordingly  in  England  more 
attention  has  been  given  to  multi-cylinder  en^nes  than  in 
Germany,  the  idea  being  to  keep  the  dimensions  of  the  cylin- 
ders as  small  as  possible.  By  so  doing,  engines  were  produced 
of  a  greater  power  for  a  given  weight  of  metal  utilised. 
British  eugineers  and  scientific  irten  are  still  convinced  that 
other  methods  must  be  found  of  increasing  power  in  internal- 
combustion  engines  than  mere  increase  of  dimensions  of 
cylinders  and  massive  construction  of  engine  part s  as  prac- 
tised in  Genu  any.  Undoubtedly  a  solution  will  be  found 
which  combines  liigh  powers  with  small  weights.  So  far  as 
stationary  engines  are  concerned,  cylinder  for  cylinder,  the 
internal-combustion  engine  is  at  a  disadvantage  in  weight  for 
power  com  pared  to  the  steam  engines  without  their  boilers. 
A  very  large  industry  has  been  created  in  small  cylinder 
engines,  but  the  power  unit  attained  as  yet  is  not  sufficiently 
great  to  compete  with  the  larger  steam  engines,  especially  in 
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the  form  of  steam  turbines.  Notwithstanding  the  fact  that 
English  makers  mainly  confine  themselves  to  smaller  cylinder 
engines,  it  is  a  mistake  to  assume,  as  is  too  often  done,  that 
the  Germans  are  in  advance  of  us  in  this  line  of  work,  either 
in  practice,  industry,  or  science.  While  in  Germany  engi- 
neers paid  great  attention  to  larger  cylinder  engines,  England 
was  busv  developing  the  smaller  types  adapted  to  use  heavier 
oils,  such  as  kerosene  and  paraffin.  The  first  engine  to 
attain  success  as  a  kerosene  or  paraffin  eu^ne  was  produced 
by  Messrs.  Priestnian,  of  Hull,  in  1885.  Mr.  Stuart  Akroyd, 
in  his  patents  of  1886  and'  1888,  described  an  engine  which, 
in  the  hands  of  Messrs.  Horiisby,  has  taken  a  most  impor- 
tant position.  In  that  engine  air  alone  is  taken  into  the 
rylincler  of  an  internal-combustion  engine  through  an  inlet 
valve,  and  the  combustion  chamber  is  kept  separate  from  the 
inflowincr  air  bv  the  device  of  using  a  chamber  of  bottle-neck 
construction,  the  bottle-neck  opening  into  the  cylinder.  This 
bottle-neck  combustion  chamber  is  only  partially  water- 
jacketed,  and  one  part  of  its  surface  can  in  the  first  instance 
be  raised  to  a  low  red  heat  by  means  of  a  pressure  lamp. 
The  oil  to  be  used  is  pumped  into  this  comiustian  space 
during  the  suction  stroke  of  the  engine,  but  little  or  no 
mixture  occurs  until  compression  begins.  The  compression 
of  the  air  by  the  piston  on  the  return  stroke  forces  the  air 
charge  to  mix  with  the  vaporised  oil  existing  in  the  combus- 
tion space  mixed  with  products  of  the  previous  ignition. 
The  temperature  of  the  hot  wall  is  so  adjusted  that  when 
compression  is  complete  or  nearly  complete  th©  mixture 
ignites  and  a  moderate  explosion  pressure  is  produced.  This 
type  of  engine  is  verv  successful,  and  is  made  in  large  numbers 
throughout  the  world.  Other  methods  of  operating  intern al- 
conibust ion  engines  liave  been  experimented  upon  in  this 
count rv  by  many  inventors  and  manufacturers. 

One  set  of  experiments  made  by 】ne  possesses  special 
interest.  The  experiments  were  mad 6  at  Messrs.  Tangjes' 
works  in  Birmingham  at  the  end  of  1887  and  the  beginning 
of  1888.  In  this  engine  the  cylinder  was  charged  with  air 
on  the  2-stroke  method  which  I  have  already  described.  The 
air  was  compressed  into  a  space  at  the  end  of  the  cylinder, 
and  coal  gas  was  compressed  by  a  separate  pump.  When  the 
motor  piston  completed  the  compression  of  air,  the  gas  pimip 
forced  a  jet  of  compressed  gas  into  the  compressed  air,  and  an 
igniting  device  was  so  arranged  that  this  jet  ignited  as 
it  entered  the  compressed  air.  No  gas  was  added 
to  the  air  until  compression  was  complete.  The  dia- 
grams produced  by  this  engine  closely  resemble  those 
of  the  steam  engine ― a  rise  at  the  beginning  of  the  stroke, 
constant  pressure  for  a  certain  forward  part  of  the  stroke, 
then  cut  off  and  expansion.  The  engine,  in  fact,  was  as  I 
called  it  at  the  time,  a  flame-injection  engine  in  which  explo- 
sion was  avoided  altogether.  This  engine  ran  for  six  months, 
and  many  tests  were  made.  The  explosion  engine  was  held 
to  have  certain  advantages  which  prevented  this  particular 
type  from  being  put  upon  the  market.  Its  interest  arises 
from  the  fact  that  it  was,  I  believe,  the  first  engine  operated 
by  the  injection  of  a  flame  jet  into  compressed  air  within  a 
cylinder.  Five  years  later  Dr.  Diesel,  the  distinguished 
German  inventor,  began  work  on  an  engine  in  which  he  com- 
pressed air  throuf^h  a  rang©  of  about  12.  Compressing  air 
to  one-twelfth  of  its  former  volume  sufficiently  rapidly  raises 
the  temperature  of  the  air  to  about  600"^  C.  Dr.  Diesel  then 
in (ecfecl  fine  oil  spray  into  this  highly  compressed  hot  air. 
The  spray  at  oi，ce  ignited,  and  a  diagram  very  similar  to  the 
early  Clerk  diagram  was  produced,  but  at  a  much  higher 
pressure  with  greater  expansion,  and  therefore  mucli  greater 
economy. 

Dr.  Diesel  was  an  able  engineer  of  great  pertinacity,  and 
he  succeeded  in  working  through  the  great  difficulties  of  this 
type  ol  engine.  It  has,  as  we  all  know,  become  a  most  impor- 
tant feature  of  internal-combustion  work.  The  Diesel  type 
engines,  with  their  high  compression  and  automatic  ignition, 
used  for  the  first  time  very  heavy  oils  in  a  most  effective  way. 
The  Diesel  engine  undoubtedly  fulfils  important  purposes  in 
both  stationary  and  marine  work  wliere  oil  can  be  had. 
Although  it  has  taken  an  important  place,  and  will  continue 
to  occupy  an  honourable  position,  its  advocates  have  rather 
exaggerated  its  possibilities.  The  anioiuit  of  oil  in  existence 
in  the  world  is  too  small  to  allow  of  the  future  proposed  by 
Diesel  enthusiasts.      For   stationary    purposes  undoubtedly 


gaseous  fuel  prepared  from  coal  or  carbonaceous  matter  will 
maintain  the  leading  position. 

An  interesting  paper  was  read  bv  Dr.  Diesel  at  the  Insti- 
tution of  Mechanical  Engineers  in  the  beginning  of  1912, 
and  in  the  discussion  which  followed,  Diesel  most  honourably 
admitted  the  advantages  he  himself  had  derived  in  produc- 
ing his  engine  from  the  study  of  earlier  English  work.  Dr. 
Diesel's  fate  was  a  sad  one.  He  worked  witli  the  utmost 
faithfulness  and  pertinacity  from  the  initiation  of  his  experi- 
ments in  1887  until  his  untimely  death  in  1913.  He  was 
lost,  as  you  will  remember,  from  the  steamer  "  Dresden  ，，  on 
a  passage  between  Antwerp  and  Harwich  on  September  29th, 
1913.  Notwithstanding  his  strenuous  and  useful  work  he 
died  in  great  monetary  difficulties.  The  period  of  existence 
of  his  patent  in  Germany  and  England  was  insufficient  to 
enable  him  to  reap  any  reward  for  his  persevering  technical 
efforts.  This  has  proved  the  fate  of  many  inventors,  and  the 
more  important  the  invention  the  more  likely  is  it,  that  the 
term  of  the  patent  expires  before  commercial  success  is 
attained.  Great  departures  are  made  with  difficulty,  while 
small  changes  are  easily  and  rapidly  applied.  In  the  early- 
stages  of  the  Diesel  engine  the  inventor  was  under  the  impres- 
sion that  he  could  produce  a  motor  which  followed  the  Carnot 
cycle  in  its  entirety.  Such  an  engine  requires  compression 
to  the  full  temperature  necessary  for  the  addition  of  heat, 
expansion  for  a  certain  distance  at  constant  temperature, 
and  then  further  expansion  to  the  lowest  temperature,  the 
heat  discharged  being  obtained  by  compression  at  the  lowest 
temperature.  Such  a  cycle  of  operations  gives  the  maximum 
possible  efficiency  between  certain  heat  limits.  Diesel  mis- 
apprehended  the  position,  and  he  failed  at  first  to  see  that 
the  mean  pressure  obtained  in  such  a  cycle  was  very  low  com- 
pared to  the  maximum  pressure  necessary.  Thus,  with  a 
maximum  pressure  of  oOOlbs.  per  square  inch  the  mean  pres- 
sure was  only  61bs.  per  square  inch.  Such  an  engine  would 
be,  under  the  assuinption,  a  perfect  tliermo-dynamic  machine  : 
but  unfortunately  it  would  give  no  power ― friction  would 
be  too  great.  Accordingly  the  claim  made  by  the  supporters 
of  Diesel  in  its  early  stages  to  a  superior  therm o-djmamic 
cycle  from  that  of  ordinary  explosion  compression  gas  engines 
falls  to  the  ground.  As  a  matter  of  fact  the  Diesel  cycle  has 
a  smaller  efficiency  for  a  given  compression  than  the  explo- 
sion cycle. 

Had  coal  gas  been  the  only  fuel  possible  for  internal- 
combustion  engines  it  could  not  have  attained  its  position  of 
to-day.  In  providing  other  gases  for  this  purpose  England 
also  led  the  way.  Mr.  J.  E.  Dowson,  in  1881，  constructed  a 
gas  producer,  using  anthracite,  which  operated  by  passing 
a  mixture  of  steam  and  air  over  the  incandescent  anthracite. 
The  gases  leaving-  this  apparatus  contained  hydrogen,  car- 
bonic oxide,  some  carbonic  acid,  nitrogen,  and  a  little  oxygen, 
and  wlien  cooled  evolved  on  combustion  about  160  B.Th.U. 
per  cubic  foot. 

The  pressure  gas  producer  which  he  first  exhibited 
operated  a  Crossley  gas  engine  in  the  year  1881  at  the  York 
meeting  of  tlie  British  Association.  The  invention  of  the 
Dowson  pressure  producer  extended  the  sphere  of  these 
engines  in  a  very  material  way,  and  led  to  the  construction 
of  what  are  called  suction  producers,  operated  without  steam 
boilers  or  pressure  blowers.  Such  producers  have  been 
applied  very  extensively  in  Britain  and  all  over  the  world  in 
units  of  from  about  20  h.p.  to'  500  h.p.  The  suction  modifi- 
cation was  operated  at  first  in  France  by  the  well-known 
engineer,  Benier,  in  1894,  and  the  French  development  was 
continued  in  England  and  in  Germany  about  eight  years 
later. 

England,  too,  led  in  the  use  of  bituminous  fuel  producers  ； 
the  late  Dr.  Ludwig  Mond,  of  Brunner,  Mond,  &  Co.,  devoted 
much  time  and  effort  to  the  production  of  large  plants 
capable  of  gasifying  bitumiii otis  fuels.  In  the  larger  plants 
Dr.  Mond  included  devices  for  the  chemical  recovery  of 
ammonia  and  the  production  of  sulphate  of  ammonia.  This 
work  of  Mond，s  has  been  most  important,  and  many  large 
installations  of  gas  engines  are  now  in  operation  up  to  about 
3,000  h.p.  using  gas  from  Mond  plant. 

An  English  inventor,  the  late  Mr.  B.  H.  Thwaite,  in 
1895  made  an  important  experiment  in  the  application  of 
the  waste  blastfurnace  gas  to  the  purpose  of  power  produc- 
tion. His  first  plants  were  installed  at  the  Glasgow  Iron- 
works and  at  Barrow-in-Furness,  and  the  idea  was  soon  taken 
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up  at  the  great  Belgian  works  of  Messrs.  Cockerill.  There 
the  large  cylinder  gas  engine  was  first  developed.  About, 
1900  an  eiijsfiiie  of  5  liii.  cylinder  diameter  was  exhibited  as 
applied  to  blowing  for  blastfurnaces.  This  engine  was  the 
result  of  the  work  of  M.  Delainare  Debouteville.  This  was 
the  bef^iiming  of  the  large  cyliiuler  movetnent  on  the  Con- 
tinent. It  was  taken  up  in  Germany  by  the  Deutz  Works, 
Cologne,  and  by  the  Oechelliauser  Company.  America 
followed,  and  in  England,  too,  several  makers  devoted  con- 
siderable attention  to  the  large  cylinder  engines.  The  large 
cylinder  luovement  has,  however,  undoubtedly  prospered 
111  ore  on  the  Continent  and  in  America  than  in  this  country. 
The  extent  of  the  trade,  however,  is  not  very  great  com- 
pared to  the  trade  in  small  cylinder  engines  ；  and  it  is  to  be 
hoped  that  the  efforts  of  British  and  other  engineers  will  be 
successful  in  producing  more  powerful  engines  of  less  weight 
and  bulk.  The  present  large  cylinder  engine  solution  is  by 
no  means  satisfactory,  either  to  the  engineer  or  to  the  scien- 
tific man. 

The  leading  names  in  German  invention  and  design  are 
thus  :  Otto  Daimler,  Diesel,  Oechelliauser,  and  Koerting. 

British  work  in  this  line  was  accomplished  by  Crossley, 
Clerk,  Robson,  Atkinson,  Humphrey,  Priest  man,  Akroyd 
Stuart,  Hornsby,  Dowson,  Moiid,  and  Thwaite.  The  4-strok© 
Otto  engine,  it  will  be  seen,  was  adopted  in  England  by 
Messrs.  Crossley,  and  the  2-stroke  engines  of  Clerk  and 
Robson  were  adopted  in  Germany  by  Koerting  and  Oeclie'l- 
hauser. 

Of  the  German  inventors,  Otto  is  by  far  the  most  impor- 
tant. Daimler's  merit  consisted  in  his  appre<'iation  of  the 
fact  that  a  4-stroke  engine  of  small  dimensions  could  be 
safely  run  at  a  high  speed  of  rotation  ；  and  his  little  petrol 
motors,  from  their  relatively  light  weight  and  high  power, 
were  rapidly  adapted  by  Germans,  French,  and  Belgians  to 
the  purpose  of  motor-car  propulsion.  England,  unfortu- 
nately, was  hampered  by  an  absurd  law  which  required 
mechanically-propelled  vehicles  to  be  preceded  on  the  road 
by  a  man  carrying  a  red  flag.  This  Red  Flag  Act  was  not 
repealed  until  1896，  so  that  after  that  date  Britain  rapidly- 
gained  headway  in  the  construction  of  the  very  small 
cylinder  petrol  engine,  and  by  its  designers  and  scientific 
investigators  shared  fully  in  the  modern  development  of  the 
motor-car  and  the  aeroplane.  The  aeroplane  became  prac- 
ticable by  the  genius  of  the  brothers  Wilbur  and  Orville 
Wright  ill  the  United  States  in  the  year  1906.  They  were 
the  first  successfully  to  apply  a  petrol  engine  to  a  mecha- 
nical glider.  America  and  France  led  the  way  with  the  aero- 
plane and  the  modifications  of  engine  required  for  aeroplanes 
until  1909，  when  the  Government  Advisory  Committee  on 
Aeronautics  was  started,  and  the  same  year  saw  the  begin- 
ning of  the  Royal  Aircraft  Factory.  Another  body,  the 
National  Physical  Laboratory,  in  conjunction  with  these  two 
institutions,  made  numerous  experiments  on  the  different 
factors  required  in  flight.  The  co-operation  of  the  three 
bodies  in  conjunction  with  the  manufacturers  of  Britain 
resulted  in  the  highly  successful  British  aeroplane  of  to-day. 

The  industry  devoted  to  stationary  gas  engines,  oil 
engines,  and  petrol  motors  in  Britain  is  now  very  large.  An 
indication  of  the  relative  development  in  England  and  Ger- 
many is  given  by  the  comparison,  by  a  well-known  Belgian 
consulting  engineer,  Mr.  R.  E.  Mathot,  of  the  production  of 
the  Gasmotoren  Fabrik  Deutz  and  its  licensees  in  Germany  with 
the  production  of  Messrs.  Crossley  Bros.,  Ltd.,  of  Manchester, 
up  to  the  year  1909.  The  German  firm  up  to  the  end  of  that 
year  had  completed  altogether  410,098  h.p.  of  stationary  gas 
engines.  The  English  firm  had  built  1,020,230  h.p.,  and  this 
formed  but  a  small  part  of  the  output  of  Britain.  From 
this  it  must  be  evident  to  you  that,  acting  in  our  own  inde- 
pendent manner,  Britain  has  accomplished  a  large  share  of 
the  work  of  the  development  of  the  modern  internal-coni- 
b  list  ion  engine,  both  in  design,  construction,  commercial 
manufacture  and  development  of  scientific  knowledge.  In 
some  fields  more  work  has  been  done  in  Germany,  in  others 
more  in  Britain, 

So  far  I  have  discussed  only  the  development  during  the 
modern  period,  that  is,  since  1876,  but  an  earlier  examina- 
tion shows  that  as  usual  English  inventors  were  very  much 
alive  to  the  necessity  of  improving  the  means  of  obtaining 
motive  power.    England  and  France  in  the  early  stage  were 


at,  work  long  hefore  Gennaiiy.  TIuh  even  t lie  (Jernian  text- 
hooks  acknowledge.  In  an  important,  German  work,  wrilleii 
by  a  well-known  Cerinaii  engineer,  Ilerr  1 1 ugo  Guldner,  and 
published  in  1903，  I  find  the  list  of  early  inventors  as 
follows  ：  ~ 

1791.    John  Barber,  English  Patent  No  1833. 
1794.    Robert  Street,  English  Pateiii  No.  1983. 
1801.    Lebon,  French  Paieiit  No.  1799. 
1823.    Samuel  Brown,  English  Patent  No.  4874. 
1833.    Welhnan  Wright,  English  Patent  No.  6525. 
1838.    William  Barnett,  English  Patent-  No.  7G15. 
1341.    James  Johnston,  English  Patent  No.  8841, 
1842.    Drake,  English  Patent  No.  562. 

1852.    Cliristian   Reithniann,   experiment ai  4-stroke  engine 

built  in  Munich. 
1854.    Barsanti  and  Matteucci,  English  Patent  No.  1G55. 
1858.    Degraiid,  French  Patent.  No.  21301. 

It  will  be  observed  that  German  industry  appeal's  uiider 
the  name  of  Christian  Reithmanu  for  the  first,  time  in  1852. 
There  are  other  early  English  inventors  who  do  not  appear 
in  the  patents  list.  Prof.  Parish,  Professor  of  Physics  in 
Cambricige  University,  described  an  engine  of  the  Lenoir 
type  and  showed  a  model  working  upon  his  lecture  table  as 
early  as  1817.  The  Rev.  W.  Cecil,  of  Cambridge,  produced 
an  interesting  atmospheric  gas  engine  in  1820,  and  read  a 
paper  fully  describing  it  before  the  Cambridge  Philosophical 
Society  in  that  year. 

From  this  examination  it  will  be  seen  thai  the  internal- 
combustion  engine,  like  all  great  inventions,  is  the  result  of 
a  long-continued  struggle,  and  much  thought  and  ingenuity, 
the  outcome  of  the  work  of  men  of  many  nations.  It  is 
indeed  rare  to  find  an  invention  which  can  be  considered  as 
entirely  novel.  A  search  through  the  records  of  the  past 
invariably  shows  tentative  efforts  to  produce  a  given  result. 
The  early  efforts  always  failed,  partly  from  want  of  funda- 
mental knowledge ― in  the  case  of  the  gas  engine,  ignorance 
of  the  properties  of  gaseous  explosions ― and  partly  from  the 
lack  of  engineering  means  of  carrying  inventions  into  prac- 
ticable effect.  It  is  one  thing  to  conceive  an  idea  and  quite 
another  matter  to  carry  it  into  effect  in  actual  operative  iron 
and  steel.  In  the  early  days  of  engines  constructive 
appliances  were  exceedingly  imperfect  ；  and,  accordingly,  we 
find  James  Watt  rejoicing  when  he  gets  a  cylinder  bored 
sufficiently  true  to  prevent  the  passage  of  a  coin  between  the 
cylinder  and  the  piston  at  any  point  of  the  stroke.  Great 
work  had  to  be  done  and  progress  in  machine  tools  made 
before  it  was  possible  to  bore  cylinders  with  the  accuracy 
required  in  modern  gas  and  oil  engines.  Progress  is  now 
more  rapid  on  the  constructive  side,  because  machine  tools 
are  ca])able  of  an  accuracy  measured  in  thousandths  of  an 
incli,  and  also  because  of  advancing  knowledge  of  the  nature 
of  the  working  fluid,  flame,  which  acts  in  the  interior  of 
those  cylinders.  The  advance,  too,  of  thermo-dynamics  and 
the  better  understanding  of  limits  of  efficiency  prevent 
inventors  fronf{  following  false  paths.  Accordingly  we  may 
expect  further  rapid  advance  in  these  motors  during  the 
next  decade. 

In  this  great  subject,  as  in  others,  we  have  a  right  to  be 
encouraged  by  the  story  of  past  effort  and  the  realisation  of 
the  present,  to  look  forward  to  a  future  in  which  Britain 
will  perform  her  full  share  in  the  work  of  development  and 
production.  Broadly,  development  has  been  great  and 
general,  and  the  field  of  the  reciprocating  steam  engine  has 
been  effectively  invaded  for  both  stationary  and  locomotive 
purposes  on  land  and  water.  The  steam  engine  in  its  various 
forms,  however,  still  supplies  much  the  largest  proportion  of 
motive  power.  The  United  Kingdom  had  stationary  engines 
for  manufactures  and  agriculture  in  1907  of  about  10'8 
million  li.p.  ；  the  United  States  had  in  1909  about  23+  million 
h.p.,  similarly  mostly  steam  engines.  Of  this,  in  Britain, 
internal-combustion  engines  gave  about  6,4  per  cent,  and 
America  about  4'2  per  cent.  The  eng^ines  on  the  ships  of 
the  world  have  a  power  of  about  24  million  h.p.,  a  very  small 
proportion  internal  combustion.  The  younger  engineer  of 
to-day  has  a  huge  field  of  effort  open  to  him,  and  he  will 
need  all  the  scientific  and  practical  knowledge  available  to 
fit  him  for  his  task.  His  position  is  enviable  compared  to 
that  of  the  pioneers,  and  his  progress  should  be.  rapid  and 
great.      The  older  combustion  engineers  have  justified  their 
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faith  and  earned  an  honourable  position  among  the  workers 
of  the  world. 

The  fate  of  the  British  Empire  in  the  future  depends 
upon  the  scientific  engineer  ；  our  present  existence  as  a  free 
nation  depends  upon  our  sailors  and  soldiers  ；  but  the  more 
distant  future  is  subject  more  to  the  efforts  of  engineers  than 
to  the  labours  of  war  or  politics. 


NEW  PATENTS. 

Specifications  oj  the  following  are  now  published ,  and  we  shall 
be  jy  I  rased  to  forward  copies  post  free  on  receipt  of  8d.  Address 
Mechanical  Engineer,**  53,  New  Bailey  Street^  Manchester, 

MECHANICAL,  1914. 

Scijaratiiig  water  and  other  impurities  from  oil.    Sands.  14217. 

1915. 

Automatic  railway  signalling  train  control.     Bidclle.  13214. 
lU^ceiver  for  the  storage  of  steam.    Steinberg.  14852. 
Valves.    British  Thomson  Houston  Company.  16145. 
Automatic  reversing  mechanisms.     Persons-Arter  Machine  Com 

pany.  16213. 
Textile  driving  belting.    Ca risen.  16282. 

Furnace  for  heating,  hardening,  tempering,  annealing,  carbonis- 
ing, and  other  processes.    Smalhvood.  16309. 
Strainers  for  pump  suction  pipes.    Thomson.  16422. 
Controlling  gear  for  engines.    Lang.  16542. 

Method  of  and  apparatus  for  delivering  a  mixture  of  gas  and  air 
or  oxygen  for  combustion.    Keith  &  Keith.  16711. 

Traction  engines  of  the  self  laying  track  type.  Caterpillar  Trac- 
tors. Ltd.  16716. 

Boring  Ijars  for  boring  machines.  Coo  a  an,  Massey,  &  Appleby. 
16948.  ' 

Coupling  for  shafts.    Liiard  &  Willans.  17310. 

Screw-down  valves  for  water  and  steam.    Smith  ct  Gay.  17720. 

Bench  for  supporting  and  measiiring  a  bar  or  tube- length,  and 
for  feeding  same  to  a  cntting-off  machine.  Charles  Taylor 
(Birmingham),  Ltd.,  and  Taylor.  18063. 

Carburetters  for  internal- combiisticm  engines.    Robinson.  18088. 

1916. 

Transportable  power  winches.  Hoclion,  P.  L.，  and  Gjorgjevitch, 
N.  817. 

Carburetters  for    internal-combustion    engines.      Soc.  Lorraine, 

,      and  de  Liineville.  1061. 

Gas  fired  melting  furnaces.    Hallj  I.  1072, 

Coal-cutting  machines.  Mavor  Conlsoiij  Ltd.j  and  Moore,  M.  S. 
1155. 

Means  for  adjustal)ly  securing  the  glands  in  piston  rod  stuflfing- 
.        boxes.    Lewis,  T.  J.  1531. 
Chircks.    Williamson,  G.  1837. 

Compression     release-valve     for     two-cycle     internal  combustion 

engines.    Martin,  J.  2143. 
Internal  combustion  engine  cylinders.    BradshaWj  G.  E.  2219. 
Device  tor  effecting  the  engagement    and    driving    of  toothed 

wheels.    Johnson,  J.  Y.  2973, 
Steam  generators.    Anderson,  W.'  and  Meikle^  J.  3280. 
Pawl  and  ratchet  gearing.    Rennitt,  W.  B.  3293. 
Rotary  valves  for  fluid-pressure  engines.    O'Brien,  A.  D.  3621. 
Fuel    injectors   for    internal-combustion    engines.     Gardner,  E. 

3794. 

Methods  of  and  apparatus  for  lubricating  locomotives.  Thomsen, 
T.  C.  8.56. 

Case-hardening  compound.    Muniij  L.  C.  4365. 

' Method  and  apparatus  for  casting  steel.  Hyde,  R.，  and  Hyde, 
J.  R.，    4371.  " 

Butterfly  throttle  valves  for  ns<^  in  internal  combustion  engines. 
Soc.  du  Carburateur  Zenith.  6067. 

Means  for  controlling  the  supply  of  air  or  fuel  to  boiler  furnaces. 
Saunders.  S.  6154. 

Compound  steam  engine.    Davey^  H.  6983. 

Carburetters  for  internal-combustion  engines.    Little,  W.  G.  7451. 

Means  for  joining  railway  rail's.    Daniels,  T.  M.  7536. 

Oil  fuel  filter  for  internal  combustion  engines.  Moore,  W.  H., 
and  Ambrose  Shardlow  h  Co.  7636. 

Trunk  pistons  of  internal  coinbnstion  engines.  Albion  Motor- 
car Company,  and  Murray,  T.  B.  9201. 

Screw-cutting  taps.    Hall.  G.  N.  9378. 

Open-hearth    regenerative    furnaces.     Clyde   Furnace  Company, 

and  Dixon,  W.    10341.  " 
Process  of  Avelding  and  composition  tlierofor.    TIopp,  J.  A.  10548. 
Traction  engines  of  the  self  laying  track  type.    Caterpillar  Trac 

tors,  Ltd.    11028.  ' 


Apparatus  for  actuating  signals  on  trains  and  for  stopping  trains 
independently  of  drivers.    Biddle,  W.  H.  12014. 

Fiirnaces  for  heating,  hardening,  tempering,  annealing,  carbon 
ising.  and  other  processes,    Smalhvood,  A.    12200  and  12201. 

ELECTRICAL.  1915. 

Connector  for  the  adjacent  portions  of  two  or  more  electrical 

wires  or  cables.    Fargo.    12150  and  12151. 
Electrical  distribution  systems.    Williams.  13504. 
Wireless  signalling  systems.    British  Thomson-Houston  Company. 

14769. 

Electro-deposition  and  extraction  of  zinc.  Tainton  &  Priiig. 
16336. 

Method  of  and  apparatus  for  producing  and  distributing  electric 
current  waves.    British  Thomson  Houston  Company.  16443. 
Dynamos.    Eborall.  16464. 

Alternating-current  motors.    Neuland.  16476. 
Electric  switches.    Brook  &  Bishop.  16846. 
Electric  heat  radiators.    Berry.  16994. 
Method  of  electric  welding.    Wilson,  18114. 

1916. 

Mountings     for    electric    switches    and    connecting  apparatus. 

Mitchell,  H.  E.  679. 
Electric  switches.    Williams,  R.  H.  2114. 
Telegraphic  transmission  devices.    Antonio,  R.  d，.  6329. 
Arc  lamps.     British  Westingliouse  Electric  and  Manufacturing 

Company.  8359. 

Automatically  cleaning  and  cooling  the  sparking  points  of  spark- 
ing plugs.    Lamkin,  A.  E.  8470. 


METAL  QUOTATIONS. 

TUESDAY,  DECEMBER  12th. 

Aluminium  ingot   ―   per  cwt. 

,，        wire,  according  to  sizes,  &c  from  ―  " 

sheets  "    ―  ，， 

Antimony    £95/-/-  per  ton. 

Brass,  rolled..  •   1/5 J  per  lb. 

，， tubes  (brazed)    1/8|  " 

，，       ，， (solid  drawn)    1/6J  " 

，，       " wire    l/5f  ，, 

Copper,  Standard    £166/-/-  per  ton. 

Iron,  Cleveland    87/6  " 

,， Scotch    ―  " 

Lead,  English   £32/5/-  ，， 

，， Foreign  (soft)   £30/-/-  ，， 

Mica  (in  original  cases),  small  ；   6d.  to  3/-  per  lb. 

,，  "       "        medium   3/6  to  6/-  ,， 

,，  ，，       ，，         large    7/6  to  14/- ，， 

Quicksilver   £17/12/6  per  bottle. 

Silver    36^d.  per  oz. 

Spelter  (American)   £57 /-/-  per  ton. 

Tin,  block    £189/-/- per  ton. 

Tin  plates,  I.C   27/6  per  box. 

Zinc  sheets    £100  per  ton. 


U.S.A.  Turbine  Business.  ―  According  to  the  "  Electrical 
World  "  the  volume  of  steam  turbine  business  already 
handled  since  the  beginning  of  the  current  year  exceeds 
2,000,000  kw.  in  rated  capacity.  At  this  rate  the  total  1916 
business  should  reach  3,000,000  kw.  in  turbine  capacity.  The 
best  deliveries  that  it  is  possible  to  obtain  at  the  present  time 
are  eight  months  for  some  of  the  smaller  sizes  for  pump  and 
industrial  use,  a  year  to  a  year  and  a  half  on  large  industrial 
and  ordinary  central-station  sizes,  and  two  years  for  the  very 
large  sizes.  Orders  now  on  hand  are  sufficient  to  keep  the 
entire  manufacturing  facilities  in  operation  for  considerably 
more  than  a  year.  It  has  been  roughly  estimated  that  ap- 
proximately 65  per  cent,  of  the  present  business  is  for  central- 
station  equipment,  25  per  cent,  for  industrial  plants,  includ- 
ing marine  installations,  averaging  300-500  kw.,  and  10  per 
cent,  for  pumping  stations  averaging  50  h.p.  Many  large 
units  have  been  ordered  since  the  begianing  of  the  year,  the 
tendency  being  towards  machines  of  very  larg^e  capacity. 
Notable  in  this  respect  have  been  orders  for  a  73,000  h.p.  and 
a  60,000  h.p.  unit,  and  an  order  for  two  cross- compound  units 
of  a  total  rating-  of  95,000  kw.  Both  labour  and  material 
have  been  hard  to  obtain  in  satisfactory  quantity  and  price, 
and  both  have  greatly  increased  in  price,  with  the  result  that 
turbine  prices  have  advanced. 
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UNRIVALLED  FOR  ALL  PURPOSES. 

Steam,   Highest    Pressures,    Oil  Pumping, 
Air,  Gas,  &c.  (2) 

ORIGINAL    INVENTORS    AND    PATENTEES    OF  THE 
CELEBRATED  INTERLOCKED  SECTION. 

HEAD  OFFICE: 

THE  UNITED  FLEXIBLE  METALLIC  TUBING  CO.,  Ltd. 
112,  QUEEN  VICTORIA  ST.,  LONDON,  E.C. 
Works :  PONDERS   END,  MIDDLESEX. 

Write  for  Illustrated  Price  Lists.       On  Admiralty  and  War  Office  Lists. 

The  "PERFECT  "  VISE 


J.  PARKINSON  &  SON,  SHIPLEY,  YORKS. 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  。f  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
and  Methods  Employed  in  the  Testing  of  Prime  Movers  in 
the  Laboratory  and  Workshop  ::  ::  ;: 

By  W.  W.  F.  PULLEN, 

Whitworth  Scholar  ：  Member  of  the  Institute  oj  Mechanical  Engineers, 
Associate  Member  0/  the  Institution  0/  Civil  Engineers. 

Price  13/-  post  free. 

CONTENTS- ― Tables  and  other  Data.  Mechanical  Aids  to  Calculation.  Measure- 
ment of  Pressure.  Measurement  of  Temperature.  Measurement  of  Speed. 
Measurement  of  Power  Output.  Measurement  of  Power  Input  with  Dynamometer. 
Measurement  of  Power  Input  with  Indicator.  Indicator  Rigs  and  Accessories. 
Hints  on  the  Management  of  Indicators.  Analysis  of  the  Steam  Engine  Indicator 
Diagram.  Other  Features  of  Steam  Engine  Diagrams.  The  Adjustment  of  the 
Slide  Valve.  Internal-conDbustion  Engine  Di at; rams.  Testing  Indicator  Springs. 
Measurement  of  the  Quality  of  Steam.  Measurement  of  Quantity  of  Steam  and 
Water.  The  Testing  of  Steam  Engines.  Fuel  Testing.  The  Analysis  of  Flue 
Gaees.  BoUer  Testing.  The  Testing  of  Auxiliary  Machinery.  The  Testing  of 
Internal-combustion  Engines. 
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Anywhere  Abroad  : ― 

17/6*  per  annum,  post  free.    Thin  paper  edition. 
21/-*  ，，  ，，  Thick  ，， 

*  Foreign  Remittances  by  International  Money  Order  only. 
Note. ― Direct  annual  subscriptions  include  a   Free  Copy  of 
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post  Wednesday  morning. 


German  Electric  Plant. 

" The  Electrical  Review  •，  has  rendered  a  good  service  to 
British  engineers  in  presenting  a  record  of  the  serious  break- 
downs of  German  electrical  plant  that  have  occurred  in 
various  parts  of  the  world.  The  merits  and  cheapness  of 
German  plant  have  been  so  frequently  extolled  by  interested 
persons,  especially  where  large  contracts  are  concerned,  and 
the  difference  of  price  as  compared  with  British  quotations 
suggested  a  saving  too  great  to  be  overlooked  by  municipal 
authorities  or  power  corporations,  that  it  is  interesting  and 
instructive  to  learn  the  experience  of  German  plant  in  actual 
work.  The  facts  revealed  by  our  contemporary  will  be  a  con- 
solation to  m^ny  firms  in  this  country  who  felt  the  pinch  of 
an  unfair  competition  resting  partly  on  German  methods  of 
finance  and  partly  on  spurious  appearances  of  economy  attrac- 
tive at  the  outset  but  ill-adapted  to  stand  working  conditions 
for  any  length  of  time  on  account  of  complex  arrangements 
and  improper  material ― on  account,  in  short,  of  bad  design. 
Nemesis  has  come  at  last  and  demonstrated  once  more  the 
truth  of  the  somewhat  trite  maxim  in  engineering  "  that 
cheap  constructions  are  often  nasty/'  and  that  "  economy  ，， 
at  the  beginning  is  often  "  dear  ，，  at  the  end.  It  is  difficult, 
however,  to  impress  this  on  purchasers,  who  often  lack  the 
technical  knowledge  and  experience  necessary  for  a  correct- 
judgment,  and  when  things  go  wrong  are  reluctant  to  reveal 
the  price  they  have  paid  for  it.  The  most  glaring  of  the 
failures  in  the  list  which  is  compiled  by  our  contemporary  is 
that  of  a  5,000  kw.  A. E.G.  turbo-alternator  in  the  Riverside 
station  of  the  Shanghai  electricity  department,  and  is  the 
more  striking  inasmuch  as  the  engineer-in-chief  contrasts  the 
experience  of  four  A. E.G.  turbines  with  that  of  six  British 
machines  which  were  under  the  supervision  of  the  same  stafl, 
and  which,  although  they  have  been  from  five  to  nine  years 
in  service,  are  in  excellent  condition,  whereas  three  out  of  the 
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four  Gennan  turbo-alternators  have  in  three  years  come  to 
grief.  As  was  perhaps  only  to  be  expected,  the  local  agents 
of  the  A. E.G.  have  endeavoured  to  discredit  the  engineer's 
report,  alleging  that  the  turbines  must  have  run  at  excessive 
speeds,  that  the  faults  were  possibly  due  to  defective  switch 
gear,  that  supervision  was  inadequate,  that  the  set  had  been 
allowed  to  get  out  of  balance,  and  that  the  plant  was  not  kept 
clean.  In  a  reply  the  engineer,  Mr.  T.  H.  Aldridge,  had  no 
diffitniltv  in  completely  refuting  these  allegations  and  in  show- 
ing that  the  failures  of  the  A. E.G.  inachines  were  due  to 
errors  in  design,  and  this  not  so  much  from  a  theoretical  as 
from  a  practical  standpoint.  The  truth  appears  to  be  that  the 
designers  did  not  know  liow  to  attain  their  ends  without  intro- 
ducing intricate  and  complex  construction,  which  m ore  than 
outweighed  the  slight  gain  in  efficiency  that  resulted.  In 
fact,  they  did  not  appear  to  know  where  to  draw  tlie'  line  of 
" judicious  compromise  between  the  theoretically  best  and  the 
practically  expedient,  with  a  bias  perhaps  towards  durability 
and  simplicity."  It  is  in  this  trait  that  British  engineers,  as 
a  rule,  we  are  proud  to  say,  excel.  The  result  may  not  always 
secure  the  most  efficient  rating,  and  it  may  involve  some 
increase  in  weight  and  cost,  but  it  does  secure  longevity  and 
reliability  of  the  machine,  which  .are  of  vastly  more  impor- 
tance to  the  user,  as  he  finds  out  to  his  cost  when  repairs  and 
renewals  have  to  be  made.  We  are  not  pretending  that  every 
British-built  machine  is  free  from  defects,  but  their  reputa- 
tion for  durability  stands  on  solid  ground,  and  it  is  but  just 
that  in  view  of  the  unscrupulous  methods  which  have  been 
employed  to  secure  orders  for  Gennan  plant  that  its  defects, 
as  revealed  by  the  long  list  of  failures  collected  by  our  con- 
temporary, should  be  laid  bare.  At  Sydney  an  A. E.G.  turbo- 
altei'iiator,  purchased  in  1913,  broke  down  in  the  following 
year  owing  to  defects  in  the  turbine.  At  Melbourne  a  5,000 
kw.  A. E.G.  alternator  gave  way  at  the  second  diaphragm  and 
fouled  the  blading  of  the  rotor  within  three  weeks  of  the  set 
being  put  in  service.  Later  other  diaphragms  were  found  to 
be  in  a  precarious  condition  and  had  to  be  replaced  with 
others  of  British  make.  Further  on  the  blading  was  found  to 
be  unfit  for  use  with  superheated  steam,  and  later  other 
troubles  developed  which  necessitated  the  rotor  being  re- 
placed, the  short  experience  fully  justifying  the  statement  of 
the  engineer  and  manager  of  the  company  that  "  the 
behaviour  of  the  set  was  considerably  inferior  to  most 
machines  of  British  or  American  manufacture."'  In  an 
address  by  the  President  of  the  South  African  Institution  of 
Engineers  (Mr.  Bernard  Price)  on  the  power  supply  of  the 
Rand  it  was  stated  "  it  is  not  uiicom m on  to  meet  with  German 
plant  which  betrays  every  evidence  of  scientific  knowledge 
when  viewed  from  a  purely  theoretical  point  of  view,  but  it  is 
hopeless  when  viewed  from  a  practical  standpoint.  The  wind- 
ing of  a  large  alternator,  for  example,  is  complicated  enor- 
mously merely  to  gain  some  slight  benefit  in  rating  but  at 
the  sacrifice  of  features  which  are  infinitely  more  valuable  to 
those  who  have  to  operate  and  maintain  the  machine."  】n 
support  of  this  a  number  of  instances  were  quoted  in  connec- 
tion with  plant  supplied  by  German  firms  for  South  African 
power  schemes.  In  one  case  six  4,000  k.v.a.  alternators 
made  by  a  German  firm  had  to  be  entirely  rewound, 
and  seven  1 2,000  k.v.a.  alternators  had  to  l)e  entirely  re- 
jointed.  The  design  of  these  high-tension  windings  were,  it  is 
said,  totally  inadequate,  li^^lit  ning  made  short  work  of  them  ； 
but  ill  any  event,  it  is  added,  their  life  could  not  have  ex- 
ceeded a  few  years.  Nunihers  of  sul>station  transformers 
proved  incapable  of  standing  the  stressas  imposed  at  times  of 
fault  on  ('onsuiners'  circuits,  and  tlie  metliocl  of  clamping  the 
coils  liacl  been  entirely  re-designed     The  high-tension  switch 


gear  for  40,000,  20,000,  and  10,000  volts  proved  lamentably 
deficient,  and  it  was  added  that  it  would  be  difficult  to  exag- 
gerate the  seriousness  of  the  consequences  which  ensued,  while 
the  makers  could  suggest  no  better  remedy  than  a  duplica- 
tion of  the  switches  at  the  expense  of  the  purchaser.  Although  . 
the  turbines  were  a  good  job  in  many  respects,  heavy  main- 
teiiauce  charges  were  incurred  on  account  of  defective  blading, 
and  it  became  clear  in  the  end  that  these  originated  mainly 
from  faulty  design.  Subsidiary  plant  in  connection  with  the 
turbines,  such  as  steam  pipes,  valves,  &c.，  were  pronounced  to 
be  a  most  shoddy  job.  Flanges  had  to  be  re-expancled  and 
riveted  on  and  the  whole  of  the  lagging  dismantled  and 
replaced  by  material  of  better  quality.  Tlie  design  of  three 
electrically-driven  compressors  at  another  power  station,  it  is 
stated,  was  a  disgrace,  and  involved  excessive  cost  in  upkeep, 
the  arrangement  of  inter-coolers  and  pipe  work  being  such  as 
to  make  it  necessary  to  dismantle  the  compressor  itself  before 
they  could  be  cleaned.  At  another  plant,  12,000  k.v.a.  three- 
phase  German  transformers  had  to  be  entirely  rewound 
because  the  original  winding  was  deficient  in  insulation  and 
the  surface  of  the  copper  conductors  had  been  burned. 
The  Tart  a  r  Hydro-electric  Supply  Company,  Ltd., 
Bombay,  not  long  ago'  installed  four  8,000  kw.  alterna- 
tors, built  by  the  Siemens  Schuckert  Company.  As  soon  as 
these  machines  were  put  into  commission  serious  trouble  was 
experienced  owing  to  the  steel  magnet  rings  of  the  rotors  be- 
coming loose  on  the  spiders,  which  resulted  in  considerable 
delay  in  starting  up  as  well  as  dam  age  in  the  winding  of  one  of 
the  generators.  In  South  Wales  since  the  outbreak  of  war  four 
3,000  kw.,  20,000  volt  transformers  have  had  to  be  rebuilt 
and  rewound.  In  another  case  four  A. E.G.  transformers, 
rated  at  3,000  k.v.a.,  20,000  volts,  with  oil-cooling  were  found 
to  be  so  badly  designed  that  the  purchasers  decided  to  have 
them  reconstructed  and  rewound  before  putting  them  into 
service.  The  failure  of  German  plant  on  the  North-east 
Coast  is  pretty  generally  known,  though  details,  for  one  reason 
and  another,  have  not  been  easily  obtainable.  It  has  tran- 
spired, however,  that  the  A. E.G.  obtained  a  large  contract 
lor  20，000- volt  underground  cable,  but  when  this  was  laid 
they  were  unable  to  joint  them  properly.  Three  times  the 
effort  was  made  without  success,  aitcl  eventually  the  pur- 
chasers' engineers  had  to  take  the  work  in  hand  and  adopt 
new  methods.  The  same  kind  of  trouble  was  met  with  in  12 
to  15  miles  of  high-pressure  cable  supplied  by  the  same  firm 
for  the  Metropolitan  District  Railway,  and  here  again  in  the 
end  Eiiglisli  jointers  had  to  be  employed  for  the  purpose. 
Further,  our  contemporary  states  that  cables  supplied  by  a 
German  company  for  connecting  Charing  Cross  to  Bow  proved 
so  defective  when  installed  that  it  had  to  be  entirely  replaced. 
Other  instances  are  quoted,  but  the  above,  we  think,  will 
siiffice  to  expose  the  shoddiness  of  a  great  deal  of^  German 
work,  and  it  is  to  be  trusted  that  purcliasers  of  electrical  ma- 
chinery will  make  due  note  of  it.  The  revelation  is  one  of  the 
good  things  which  may  be  put  down  to  the  war,  since  it  has 
enabled  journals  to  speak  their  inind  and  denounce  bad  work- 
niaiisliip  without  the  fear  of  an  action  for  libel. 


High  Compressive  Strength  of  Glass.  —  Compression  tests 
(m  glass  made  a  few  years  ago  at  Water  town  Arsenal  showed 
remarkably  high  strength.  Samples  4in.  by  2in.  by  lin.  tested 
on  end  showed  strengths  from  52,0001bs.  to  over  77,0001bs.  per 
square  inch  for  rougli  plate  glass,  and  45,0001bs.  to  84，0001bs. 
per  square  inch  for  polished  plate  glass.  A  test  on  a  much 
larger  specimen  was  made  recently  at'  the  U.S.  Bureau  of 
Standards.  A  cube  nearly  lOin.  on  a  side  was  tested  in  com- 
pression. At  relatively  low  loading  the  outer  shell  of  the 
cube,  iin.  thick  or  so,  spalled  off.  Tlie  remainder  of  the  cube 
was  not  seriously  injured,  however.  The  load  was  run  up  to 
the  capacity  of  the  machine,  2，400，0001bs.，  without  breaking 
the  specimen.  The  load  at  this  time  amounted  to  a})out 
30,0001bs.  per  square  inch. 
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CAST  IRON  ：  WITH  SPECIAL  REFERENCE  TO  ENGINE 
CYLINDERS.* 

BY  J.  KDGAR  HUUST. 

{Concluded  fro m  page 

Machiving, —— It  is  interesting  at  this  stage  to  turn  our  atten- 
tion to  the  effect  of  machining  on  tlie  resulting  liner  surface. 
It  will  be  clearly  evident  that  a  similar  surface  disintegration, 
although  much  more  severe  in  degree,  is  to  be  expected  as  a 
result  of  machining.  Owing  largely  to  the  weak  intercrystalline 
cohesion  of  cast  iron  under  the  inHuence  of  the  cutting  action 
of  the  tool,  there  will  be  a  tendency  for  cracks  to  develop  and 
travel  along  the  crystal  junctions.  The  extent  to  whicli  these 
cracks  will  develop  will  depend  largely  on  the  strength  of  the 
iron  and  the  force  or  severity  of  the  machining.  Professor 
Poliakoff  has  shown  that  the  quality  of  finish,  or  shall  we  say 
surface,  of  a  given  material  varies  with  the  cutting  speed  : 
" the  quality  of  the  finish  improves  as  the  cutting  speed  de- 
creases." 十  The  deteriorating  action  of  the  rate  of  machining 
on  the  surface  character  of  metal  is  more  pronounced  in  the 
case  of  cast  iron  than  steel. 

It  is  extremely  fortunate  that  the  extreme  accuracy  neces- 
sary in  liners  and  cylinders  requires  very  careful  machining, 
which  must  necessarily  proceed  at  a  comparatively  slow  rate. 
However,  whatever  the  rate  of  niacliining,  surface  cracks  and 
holes  are  found  to  a  more  or  less  extent.  Such  surfaces  are  very 
liable  to  rapid  surface  disintegration,  at  least  for  a  time,  and 
in  addition  to  the  delay  in  the  production  of  the  glazed  surface 
the  resulting  excessive  amount  of  disintegrated  material  is 
very  liable  to  cause  seizure.  For  this  reason  the  comparatively 
recent  method  of  internal  grinding  is  a  more  preferable 
method  of  finishing  liners  than  machining.  Grinding  has 
another  aspect  of  great  value  in  this  connection.  The  glazing 
effect  of  the  grinding  wheel  on  the  surface  of  the  material  is 
a  phenomenon  of  the  class  already  dealt  with,  i.e.,  surface  flow. 
It  is  also  possible  to  produce  appearances  on  the  liner  surface 
by  means  of  the  grinding  wheel  identical  with  those  produced 
by  a  seizure.  In  addition  the  surface  of  liners  which  have 
been  ground  often  possess  in  a  degree  the  glazy  appearance  or 
very  finely  granular  flowed  structure.  This  is  a  distinct  advan- 
tage, and  in  addition  affords  a  means  whereby  the  influence  of 
this  type  of  surface  can  be  further  investigated. 

General  Considerations  on  Growth. —— After  prolonged  ex- 
posure to  high  temperatures  certain  cast  irons  are  found  to 
have  undergone  a  permanent  increase  in  volume.  Percy,  in 
his  work  on  iron  and  steel,  noted  this  fact,  and  incidentally 
suggested  that  this  property  could  be  rendered  of  practical 
utility  in,  for  example,  the  rendering  serviceable  of  cannon 
shot  which  had  been  cast  too  small  in  size.  Of  later  years  this 
question  of  permanent  distortion  and  change  in  volume  or 
growth  was  first  brought  seriously  to  the  front  by  Alexander 
Outerbridge,!  and  was  afterwards  subjected  to  rigorous  inves- 
tigation by  Messrs.  H.  F.  Rugan  and  H.  C.  Carpenter.  § 

These  investigators  showed  that  the  increase  in  volume 
takes  place  with  greater  rapidity  and  to  a  greater  extent  if  the 
heating  to  which  the  cast  iron  is  subjected  be  intermittent. 
The  temperature  at  which  growth  appeared  to  commence  was 
about  650°  C,  and  it  reached  a  maxinmm  at  about  750°  C. 
At  higher  temperatures  than  this,  say  900°  C,  very  little 
further  expansion  was  noted.  The  growth  reached  its  maxi- 
mum at  any  given  temperature  in  the  specimens  used,  after  a 
period  of  three  hours'  heating,  and  continued  heating  over  a 
period  of  17  hours  did  not  appear  to  make  any  appreciable 
difference.  In  addition  to  the  gradual  increase  in  volume 
a  gradual  increase  in  weight  was  also  noted.  They  established 
the  facts  that  (1)  alloys  not  containing  graphite  do  not  grow, 
and  (2)  that  alloys  containing  graphite  are,  under  suitable 
conditions,  capable  of  growing,  and  further,  that  the  total 
growth  was  roughly  proportional  to  the  silicon  content. 

The  total  growth  was  far  in  excess  of  that  caused  by  the 
dissociation  of  the  carbide  and  the  precipitation  of  temper 

*  Abstract  of  paper  read  before  the  Manchester  Association  of  Engineers, 
December  9th,  1916. 

t  PirBt  Report  on  Cutting  Tool?,  Dempster  Smith,  Manohester  Association  of 
Engineers,  1915. 

X  Franklin  Institute,  January,  1904. 

§  Journal  Iron  and  Steel  Intititute,  May,  1909. 


carbon.  This  is  recorded  by  Dr.  Iladfield  as  being  about  3  per 
cent,  in  those  iroMs  in  which  complete  precipitation  of  the 
carbon  in  this  form  lias  taken  place.  Tlie  dissolved  or  occluded 
gases  were  also  shown  to  have  an  influence  on  the  final  growth. 
It  was  proved  that  the  growth  was  largely  due  to  tlie  influ- 
ence of  the  furnace  ^ases  wliicli  penetrate  into  tlie  cast  iron  by 
way  of  the  graphite  plates,  and  whilst  in  the  hot  state  oxidise 
primarily  tlie  iron,  and  subsequently  the  silicon  and  phos- 
pliorus.  Curiously,  the  graphite  or  free  carbon  appears  to  be 
the  last  constituent  to  be  oxidised.  A  proof  positive  of  the 
influences  at  work  is  to  be  found  in  the  fact  that  on  heating 
cast  iron  in  a  vacuum  no  expansion,  but  a  slight  shrinkage  in 
volume,  takes  place;  the  same  cast  iron  on  heating  in  furnace 
gases  expanded  somewhere  about  67  per  cent,  in  volume. 

(Tiowth  at  Low  Temperaf iire^, ― Cast-iron  fittings,  such  as 
pipes  and  valves  on  superheated  steam  mains,  after  having 
been  in  actual  service  for  some  length  of  time,  have  been  noted 
to  deteriorate  seriously.  A  marked  falling  off  in  tensile 
strength  accompanied  by  slight  permanent  distortion  and 
changes  in  volume  takes  place,  and  occasionally  cracks  have 
been  developed.  The  average  temperature  to  which  such 
fittings  are  exposed  is  about  300。  C.  It  is  still  very  uncertain 
what  is  the  exact  mechanism  of  the  changes  taking  place  at 
such  low  temperatures. 

Growth  in  Engine  C ylinders. —— In  tlie  internal-combustion 
engine,  in  particular,  the  material  is  constantly  subjected  to 


Fig.  1.— Diaguam  op  Dtesel  Engink  Piston  Head  showing  Stab  Cracks 
Opening  Out  from  Centre. 

increased  and  varying  temperatures,  and  the  study  of  tlie 
behaviour  of  gre^  cast  iron  under  increased  temperatures  hence 
becomes  of  great  importance.  As  a  general  ru】e，  in  internal- 
combustion  engines  the  liner  itself  does  not  become  unduly 
heated,  owing  largely  to  the  efficiency  of  the  cooling  arrange- 
ments. At  the  same  time  it  is  undoubted  that  the  tempera- 
ture of  at  least  the  inner  surface  of  such  a  liner,  during  actual 
working,  is  approximately  in  the  region  of  from  200。  to 
300。  C. 

In  the  Diesel  oil  engine,  the  centre  portion  of  the  piston 
head  is  very  often  raised  to  quite  a  red  heat,  owing  to  direct 
contact  of  the  piston  head  witli  the  flame.  This  state  of  affairs 
is  to  be  observed  in  gas  engines  ；  and  in  such  engines  working 
at  full  load,  the  piston  head  can  be  seen  to  have  a  dull  glow 
in  the  dark.  In  the  gas  engine  the  temperature  attained  by 
the  piston  head  is  not  nearly  so  high  as  is  the  case  in  the  Diesel 
engine.  After  some  time  such  overheated  pistons  become 
])ittecl  and  scaled  in  the  heated  area,  and  frequently  crack  in 
a  manner  as  illustrated  in  the  sketch,  Fig.  1，  the  star  cracks 
radiating  from  the  centre  of  the  heated  area. 

Heat  Tnattnent  of  Grey  (Ui.st  Iron, ― To  thoroughly  under- 
stand this  phenomenon  it  is  necessary  to  become  actually 
acquainted  with  the  changes  wliich  take  place  in  grey  cast  iron 
on  lieat  treatment. 

The  effect  of  heat  treating  grey  cast  iron  has  been  investi- 
gated by  Dr.  Hatfield."^   In  his  experiments  grey  cast  iron  bars 

*  Journal  Iron  and  Steel  Institute,  1907. 
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were  exposed  for  several  hours  to  a  temperature  of  900°  C.  and 
slowly  cooled  over  a  period  of  48  hours.  A  very  serious  falling 
off  in  tensile  strength  was  noted,  the  tensile  strength  being 
reduced  from  8  tons  to  12  tons  in  the  as  cast  ，，  condition, 
to  3  tons  per  square  inch  after  heat  treatment.  (This  is  of 
great  importance  in  view  of  the  growing  practice  of  annealing 
cast  iron  castings  for  softening  purposes.)  An  examination  of 
the  micro-structures  before  and  after  heat  treating  revealed 
the  fact  that  in  the  as  cast  specimens  the  graphite  existed  "  in 
clear-cut  worm-like  forms,"  whereas  in  the  heat-treated  speci- 
mens " the  graphite  structure  would  appeal*  to  have  swollen/' 
which  is  "no  doubt  due  to  tlie  free  carbon  produced  by  the  dis- 
sociation of  the  carbide  in  the  pearlitebeing  drawn  into  position 
alongside  the  already  existing  graphite  plates."  These  results 
have  been  confirmed  by  the  autlior,  and  figures  are  given  in 
Table  I.    The  rapidity  with  which  this  precipitation  of  free 

Table  I. 


Speci- 

Analyses. 

men 

mark. 

Total 

CC. 

Gr. 

C. 

Si. 

Mn. 

S. 

P. 

El 

0.50 

3.35 

3.85 

1.87 

•  834 

0-05 

0.01(1 

E2 

0.50 

3.51 

4.01 

1.79 

•  742 

0.05 

0.100 

. E3 

0.47 

3.17 

3-64 

1.87 

■  11 

0.05 

0.43 

E4 

0.44 

3.08 

3-52 

1.89 

•  44 

0.05 

0-85 

After  Heat  Treatment  : 


El. 

E2. 

E3. 

E4. 

Treatment. 

Or.  % 
C;r.  。i。 
Gr.  % 

3-72 
3.85 
3.73 

(MOM 
C5  CO 

CO  CO  1 

3.29 
3-53 
3.51 

750°  C  for  2  hours,  quenched  in  water 
750°  C.  for  4  hours,        ,.  ,, 
900°  C.  for  2  hours,        ，，  ，， 

carbon  is  brought  about  even  at  so  low  a  temperature  of  650° 
C.  to  700°  C.  is  most  striking.  It  is  interesting  to  note  that  in 
the  high  phosphorus  bars  the  rate  of  dissociation  is  somewhat 
retarded.  This  is  confirmed  on  examination  of  micro-speci- 
mens from  the  above  test  bars,  when  it  is  found  that  the  last 
of  the  pearlite  remaining  is  that  in  juxtaposition  to  the  phos- 
phide eutectic.  This  is  interesting  to  note,  for  it  is  generally 
found  in  grey  foundry  irons  that  some  of  tlie  pearlite  patches 
are  in  some  manner  connected  with  the  phosphide  eutectic, 
and  are  found  in  juxtaposition.  In  addition  the  graphite 
plates  appear  to  have  swollen,  as  pointed  out  by  Dr.  Hatfield. 

Examination  of  the  micro-structure  of  the  heat  treated 
specimens  reveals  interesting  results.  In  one  instance  the 
specimens  were  quenched  following  upon  the  heat  treatment, 
thus  preserving  in  some  measure  the  actual  structure  at  this 
high  temperature.  The  apparent  swelling  out  oi'  the  graphite 
plates,  leaving  cavities,  was  particularly  noticeable.  A  similar 
swelling  out  of  the  graphite  plates  was  observed  by  Messrs. 
Rugan  and  Carpenter  in  the  unoxidised  centres  of  partially- 
grown  cast-iron  bars.  Specimens  cut  from  a  high  phos- 
phorus cast-iron  bar,  heated  to  890*^  C.  for  a  protracted 
period,  showed  a  distinctly  granular  appearance  of  the  pearlite 
which  is  a  characteristic  feature  of  the  heat-treated  cast  irons. 
The  lamellar  character  of  the  pearlite  was  rapidly  lost,  and 
changed  either  into  a  "  bead-like  "  or  granular  form,  accord- 
ing to  the  temperature  maintained  during  lieat  treatment 
and  the  cooling  of  the  specimen. 

The  swelling  out  of  the  graphite  plates  was  attributed  by 
Carpenter  and  Rugan  to  the  penetration  of  the  furnace  gases 
into  the  centre  of  the  cast  iron,  and  they  also  considered  that 
the  minute  explosions  of  the  dissolved  hydrogen  in  the  cast 
iron  and  the  oxidising  gases  may  assist  in  the  expansion.  The 
swelling  out  of  the  graphite  takes  place  with  extreme  rapidity. 

The  changes  taking  place  in  the  Diesel  engine  piston  top, 
wlien  subjected  to  the  heating  action  of  the  flame  during 
working,  will  now  be  clear.  In  the  first  place  tlie  expansion  of 
the  graphite  plates,  due  to  the  entry  of  the  oxidising  gases, 
and  simultaneously  the  dissociation  of  the  pearlite  carbide 
and  the  precipitation  of  temper  carbon  takes  place.  As  a 
result  of  these  internal  changes  wiiicli  take  place  only  in  a 
localised  area  of  the  piston  top,  the  iron  is  rendered,  locally, 
considerably  weaker,  and  large  internal  strains  must 
u ndoubtedly  be  set  up.    As  a  matter  of  fact,  however,  the 


ultimate  cracking  of  Diesel  engine  piston  tops  can,  as  a  general 
rule,  be  traced  to  the  phosphorus  content  of  the  cast  iron,  and 
j)rovidiiig  this  is  kept  sufficiently  low  this  troublesome  crack- 
ing is  practically  eliminated.  In  all  probability  this  is  due  to 
a  number  of  causes,  the  chief  of  which  are  set  out  below. 

In  the  first  place  locally,  at  the  centre  of  the  star  crack 
and  in  a  superficial  layer,  the  temperature  attained  by  the  cast 
iron  is  probably  very  high,  at  least  in  the  region  of  900°  C. 
Specimens  taken  from  this  portion  distinctly  show  liquation  of 
tlie  phosphide  eutectic.  This  will  undoubtedly  increase  the 
magnitude  of  the  internal  strains,  and  in  addition  at  points 
in  the  region  of  this  centre  this  same  eutectic,  at  these  tem- 
peratures, will  be  】）ei'ilously  near  its  liquation  point.  Both 
tlie  elements,  phosphorus  and  silicon,  have  a  profound  influ- 
ence oil  the  swelling  out  of  the  graphite  plates.  This  influence 
is  not  yet  thoroughly  completed.  Suffice  it  to  say  that  to 
counteract  this  troublesome  cracking  the  amounts  of  these 
elements  present  should  be  kept  at  a  minimum.  Furthermore, 
at  high  temperatures  it  is  certain  the  lugli  phosphorus  cast 
iron  is  considerably  weaker  than  low  phosphorus  cast  iron,  and 
under  the  influence  of  the  high  alternating  gas  pressures 
attained  in  the  Diesel  cylinder,  such  material  will  readily 
develop  the  star  cracks. 

Strictly  speaking,  however,  this  cracking  is  not  actual 
" growth/'  for  as  a  general  rule  very  little  oxidation  beyond  a 
superficial  layer  only  can  be  detected.  The  change  in  volume 
which  must  necessarily  take  place,  owing  to  the  expansion  of 
the  graphite,  is  very  slight  in  the  piston  as  a  whole,  owing  to 
the  localised  character  of  the  heating,  and  is  undoubtedly  in  a 
large  measure  responsible  for  the  internal  stresses.  On  cool- 
ing down  such  heat-treated  cast  iron,  the  swelling  out  of  the 
graphite  plates  is  in  a  large  measure  recovered,  and  particu- 
larly in  the  low  phosphorus  irons,  apart  from  the  deposition  of 
the  temper  carbon,  which  appeals  to  be  drawn  alongside  the 
graphite  plates,  these  plates  assume  nearly  their  original  form. 
Briefly,  it  can  be  taken  that  the  changes  which  have  taken 
place  ill  such  heated  and  cracked  Diesel  engine  piston  tops  are 
the  very  preliminary  changes,  previous  to  any  oxidation, 
taking  place  in  the  well-known  growth  phenomena. 

Chemic(tl  Const  if  ttfioti . ― The  question  of  the  most  suitable 
chemical  composition  for  cylinders,  liners,  and  pistons  is  a  most 
important  one,  and  involves  an  immense  number  of  considera- 
tions, which  increase  the  complexity  of  the  subject  enormously. 
Primarily,  the  properties  required  of  cast  iron  for  the  manu- 
facture of  engine  cylinders,  liners,  and  pistons  are  ：  (1)  Resis- 
tance to  wear  and  maximum  ruiming  properties.  (2)  Highest 
tensile  strength  and  mechanical  properties.  (3)  Resistance  to 
growth  and  cracking  when  subjected  to  the  high  temperatures, 
such  as  are  attained  in  Diesel  engine  cylinders. 

It  will  already  have  been  appreciated,  and  it  is  undoubtedly 
a  very  fortunate  circumstance  that  the  highest  mechanical 
strength  and  good  wearing  properties  in  cast  iron  are  practi- 
cally synonymous  terms.  This  statement  is  to  be  qualified, 
however,  by  tlie  effects  of  surface  flow  and  allied  phenomena. 
The  presence  of  certain  elements  in  notable  quantity, 
particularly  the  element  manganese,  undoubtedly  have  a  large 
influence  on  the  wearing  and  running  properties  combined. 
Tiiis  influence  is  largely  due  to  their  influence  in  the  produc- 
tion of  glazy  surfaces.  High  manganese  cast  iron  more 
readily  presents  a  glazy  surface  in  an  engine  cylinder  after 
use  than  low  manganese  irons.  The  element  chromium  is  even 
more  valuable  in  this  respect. 

The  mechanical  strength  of  cast  iron  rapidly  falls  witli 
increasing  temperatures.  This  is  an  important  consideration 
ill  connection  with  surface  disintegration,  and  it  is  very- 
probable  that  the  influence  of  manganese  and  chromium  in 
increasing  the  resistance  to  wear,  more  particularly  by  surface 
disintegration,  can  be  traced  in  some  degree  to  their  influ- 
ence in  the  production  of  higher  strength  irons  at  high 
temperatures.  Unfortunately,  as  yet,  we  have  no  figures  to 
coiifniii  tliis  view.  Table  II.  shows  the  influence  of  tempera- 
ture on  the  niec'haiiical  properties  of  cast  iron. 

j\l erhanivdJ  l^ro pert ies. —The  iiieclianical  strength  proper- 
ties of  cast  iron  depend  almost  entirely,  under  normal  condi- 
tions, on  the  state  of  the  carbon  and  the  grain  size.  In  their 
turn  these  two  factors  are  entirely  controlled  by  the  chemical 
constitution  of  the  iron  and  the  thermal  treatment  (by  whicli 
is  understood  the  casting  temperature  and  the  rate  of  cooling) 
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still  leaves  tlic  iron  quite  grey.  Unlike  inaii^anese  small 
peiceiita^^es  of  clnomiinn  favour  the  retention  of  th o  carlnde, 
； in(l  coiiseq ueutly,  in  such  low  silicon  irons  rliromium  must 
not  be  present  iti  excessive  ariiouiits. 


Tahlk  III. 


No. 

Analysi'H. 

Thick- 

IIOHH  of 

(JastiuK. 

lii'ilicll 
No. 

CC.  %. 

Gr.  %. 

Si.  %. 

Mn.  %. 

S.  %. 

P.  %. 

1 

2 
3 
4 

o.(u 

0-68 
0.87 
()-G4 

c'，  (N  oi  <k 

1-23 
0.93 
0.08 
2.04 

0.85 
1.04 
1.10 
0.84 

•  072 

•  080 

•  090 
.069 

0.93 
LIS 
0.S9 
0.702 

lin. 
Ijin. 
Jin. 

22« 
2-2S 
228 
196 

The  influence  of  casting  temperature  has  already  been  indi- 
cated. Broadly  speaking,  it  will  be  seen  that  the  higher 
casting  temperatures  favour  the  retention  of  the  carbide.  This 
is  in  all  probability  due  to  the  phenoinetion  of  under-cooling. 
The  metastable  carbide  phase  is  retained  beyond  its  true  disso- 
ciation teinperatm'e.  The  influence  of  casting  temperature  is 
more  pronounced  in  the  case  of  low  silicon  irons,  as,  for 
instance,  the  case  recorded  by  Dr.  Hatfield,*  in  which  two 
bars  of  the  following  composition  were  cast,  the  casting  tem- 
peratures of  the  two  bars  varied  by  180°  C.  The  higher  cast- 
ing temperature  bar  presented  a  mottled  white  fracture,  whilst 
the  other  bar  was  quite  grey. 


Tot  C    3-20  per  cent. 

Si    110  per  cent. 

Mil …   8  41  per  cent. 

S    0.02  per  cent. 

P    0-20  per  cent. 


The  necessity  for  controlling  a; id  standardising  the  casting 
temperature  will  be  quite  apparent. 

In  many  instances  the  variation  of  the  rate  of  cooling  with 
a  constant  and  somewliat  higher  silicon  content  is  resorted  to 
as  a  method  of  obtaining  ideal  engine  cylinders.  This  method 
is  peculiarly  applicable  to  complex  castings  which  would  other- 
wise be  difficult  with  a  low  silicon  content  to  obtain  sound. 
The  variation  in  the  rate  of  cooling  is  most  generally  effected 
by  the  use  of  chills  on  the  cylinder  barrel  core,  and  a  great 
number  of  locomotive  cylinders  in  particular  are  cast  in  this 
way. 

With  the  use  of  chills  the  same  point  can  be  arrived  at 
with  a  higher  silicon  content  as  with  the  lower  silicon  content 
and  normal  cooling.  In  this  connection  it  is  interesting  to 
note  a  peculiar  phenomenon.  The  analyses  in  following  table 
(Table  IV.)  are  taken  from  various  portions  of  a  steam  engine 
cylinder,  as  indicated  in  the  table.  The  cylinder  was  chilled 
by  means  of  |in.  chills  attached  to  the  barrel  core.  From  the 
analysis  it  will  be  noticed  that  there  is  less  combined  carbon 
in  the  actual  chilled  face  than  in  the  portions  which  were  not 
chilled.  Tli/s  is  the  result  of  the  prolongation  of  the  cooling 
period  after  solidification  of  the  metal  in  contact  with  the 
chills,  brought  about  by  the  liiglily-lieated  chills.  This  can 
largely  be  overcome  by  increasing  the  thickness  of  the  chills. 

Table  IV. 


Sample 
No. 

Eemarks. 

oc.  %. 

Gr,  %. 

Total 

/o- 

Si.  %. 

Mn.  %. 

S.  %. 

P.  %. 

1 
3 

•  303 
.18 

trace 

3-00 
2.98 
3.33 

www 

W    OS  © 

I  •  70 
1.72 
1.68 

0.82 
0.79 
0.92 

0.08 

0-077 

0.079 

0.(i6 
0.66 
0.64 

Flange. 
/Portion  not 
\  chilled. 
Chilled  portion. 

These  peculiar  surfaces  are  close  grained  and  of  high 
tensile  strength,  consequent  upon  the  rapid  cooling  during  the 
pie- solidification  period.  They  are,  however,  somewhat  soft, 
and  contain  very  finely-divided  free  carbon,  possibly  temper  or 
annealing  carbon,  as  a  result  of  the  dissociation  of  the  pearlite 
carbide. 

The  question  of  tlie  chemical  constitution  and  its  relation 
to  growth  and  allied  phenomena  have  been  dealt  with  in  a 
previous  section.    It  will  there  be  seen  that  one  of  the  chief 
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ot  tlie  iron.  11  must  always  be  borne  ui  tiuncl  in  iiiecluuucal 
sti'eiigth  considerations  of  a  heterogeneous  alloy,  such  as  cast 
iron,  tliat  the  arrangement  and  distribution  of  the 
etits  are  quite  equal  in  iinporiaiu'e  to  the  quantity. 

Tabu':  II. 


Tom- 


Inches, 
Bend. 


Tem- 
pera- 
ture 


Inches. 
Bend. 


The  most  important  factor  in  the  chemical  constitution  is 
- the  silicon  content.  The  average  conception  of  the  influence  of 
silicon  in  cast  iron  does  not  appear  to  be  quite  correct.  Tlie 
researches  of  Dr.  Hatfield,*  Cliarpy,  and  Greiiet,  and  others 
show  that  the  influence  of  silicon  is  inseparable  from  that  of 
rate  of  cooling.  In  Dr.  Hatfield's  experiments  it  was  shown 
that  the  precipitation  of  free  carbon  does  not  occur  with 
increasing  silicon  content  in  a  gradual  manner  as  generally 
conceived  ；  but  there  would  appear  to  be  a  silicon  percentage, 
in  this  worker's  case,  between  1*4  per  cent,  and  I'l  per  cent., 
at  which  the  complete  dissociation  (for  practical  purposes)  of 
the  carbide  and  the  precipitation  of  the  free  carbon  is  brought 
about.  The  amount  or  concentration  of  silicon  necessary  to 
bring  about  dissociation  depends  upon  the  rate  of  cooling. 

This  is  substantiated  by  Hague  and  Turner ，十  who  point 
out  the  ease  with  which  the  metastable  conditions  in  the 
presence  of  silicon  revert  to  the  stable  conditions  and  vice 
versa.  In  their  experiments  on  the  iron-carbon-silicon  alloys, 
at  the  white  iron  end  of  the  series,  slow  cooling  of  the  metal  in 
the  crucible,  even  with  so  low  a  silicon  content  as  0'03,  left 
the  metal  quite  grey,  whilst  on  the  other  hand  the  slight 
chilling  effect  of  a  small  platinum  pin  in  connection  with  their 
extensometer  instrument,  embedded  in  the  test  bar  castings 
and  mould,  was  sufficient  in  certain  bars  to  produce  a  local 
white  fracture,  whilst  the  rest  of  the  casting  was  quite  grey. 

The  importance  of  this  is  that  it  is  approximately  in  the 
region  of  this  point,  /■〜 the  point  at  which  the  silicon  percen- 
tage coupled  with  the  rate  of  cooling  brings  about  the  dissocia- 
tion of  the  carbide  content  producing  a  "  completely  grey 
bar  "  that  the  closest-grained  finely-divided  graphite  irons 
are  obtained  with  consequently  liigh  mechanical  properties. 
This  is  amply  shown  by  the  examination  of  specimens  from  the 
boundaries  of  the  chilled  and  grey  portions  of  chilled  test 
bars.  In  such  specimens  the  conditions  of  a  constant  silicon 
content  with  a  gradually  decreasing  rate  of  cooling  from  the 
chilled  edge  inwards  obtain.  The  portion  at  the  boundary  of 
the  chilled  and  grey  portion  is  that  at  whicli  the  rate  of  cool- 
ing is  just  sufficient  to  bring  about  the  dissociation  of  the 
carbon  content,  which  is  inaugurated  at  numerous  centres, 
and  develops  in  some  instances  to  a  completely  grey  iron 
having  a  network  arrangement  of  the  phosphide  together  with 
very  finely-divided,  oft-times  rosette  formed,  graphite. 

The  author  would  emphasize  the  advisability  of  employing 
a  much  lower  silicon  content  than  is  usually  the  case  in  actual 
present-day  practice.  The  analyses  given  in  Table  III.  serve 
to  illustrate  this  point.  These  analyses  are  taken  from  gas 
engine  liners  of  very  closely  related  cross-sectional  area  and 
illustrate  admirably  the  apparent  inutility  of,  in  this  case,  the 
excess  silicon  content  over  approximately  1  per  cent.  There 
should  be  no  difficulty  experienced  in  the  production  of  low 
silicon  content  cast  irons.  These  are  readily  produced  by  the 
addition  of  varying  proportions  of  either  steel  scrap  or  white 
irons  to  the  cupola  mixture.  It  should  be  pointed  out  that 
this  is  the  only  real  advantage  of  tlie  so-called  semi-steel  mix- 
tures. In  these  low  silicon  irons  the  presence  of  those  ele- 
ments having  a  greater  influence  in  increasing  the  stability  of 
the  carbide,  such  as  sulphur,  must  be  kept  at  a  minimum. 
In  the  analyses  in  Table  III.  it  will  be  seen  that  the 
presence  of  1  per  cent,  of  manganese  in  these  low  silicon  irons 

*  Jonvnal  Iron  and  Steel  Institute,  No.  II.,  1916. 
t  Joiu'ual  Iron  and  Steel  Institute,  No.  II..  1910. 
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preventative  measures  to  be  taken  against  those  phenomena  is 
the  elimination,  as  far  as  possible,  of  phosphorus.  From  the 
poiut  of  view  of  wear  and  running  properties  this  is  not  very 
satisfactory,  and  although  very  satisfactory  running  proper- 
ties are  obtained  from  cast  irons  in  which  phosphorus  is  absent, 
it  is  the  author's  opinion  that  the  presence  of  phosphide 
eutectic  improves  these  properties  considerably.  The  use  of 
chromium  irons  successfully  overcomes  this  difficulty  and,  in 
fact,  are  much  superior  to  any  phosphorus  iron.  By  reason 
of  its  profound  influence  on  increasing  the  stability  of  tlie 
carbide,  it  is  possible,  by  proportionately  adjusting  the  silicon 
and  chromium  contents,  to  produce  a  grey  iron  in  which  the 
micro-constituent  cemeutite  (in  this  case  the  double  carbide  of 
clironnum  and  iron)  is  disseminated  throughout  the  whole 
structure.  In  addition,  the  other  advantages  of  the  presence 
of  chromium  have  already  been  pointed  out. 

In  conclusion,  the  author  would  emphasize  the  immense 
importance  of  the  continued  study  of  the  application  of  cast 
iron  to  the  design  of  engine  cylinders  and  allied  machinery 
parts.  The  advent  of  the  internal-combustion  engine  and  the 
consequent  demand  on  all  branches  of  the  metallurgical  indus- 
try for  materials  having  tlie  maximum  physical  and  mechani- 
cal properties,  is  undoubtedly  responsible  for  the  great  advance 
iu  the  art  and  metallurgy  of  cast  iron.  At  the  same  time, 
however,  it  should  always  be  borne  in  mind  that  the  field  of 
complex  high  carbon  alloys  is  still  far  from  exhausted,  and 
the  author  is  convinced  that,  with  the  constant  application  of 
research  in  these  realms,  in  conjunction  with  advance  and 
improvements  in  the  methods  of  manufacture,  tlie  labourer 
will  reap  his  reward. 

The  author  begs  to  tender  his  most  sincere  thanks  to 
Messrs.  Richard  Hornsby  &  Sons,  for  their  permission  to  use 
the  greater  part  of  the  information  contained  in  this  paper  ； 
and  also  to  Messrs.  Mirrlees,  Bickerton,  &  Day  ；  to  Mr.  R. 
Onions,  and  the  many  other  kind  friends  who  have  so  readily 
placed  information  at  his  disposal. 


THE  VICKERS  SURFACE-HARDENING  PROCESS. 

In  a  recent  issue  of  tlie  "  Automobile  Engineer/'  a  descrip- 
tion is  given  of  the  Vickers  process  of  local  surface  hardening, 
which  is  comparatively  little  known.  It  consists  of  applying 
momentarily  to  the  surface  of  the  part  to  be  treated  an 
intensely  hot  flame  from  an  oxy- acetylene  blowpipe.  The 
effect  of  this  is  to  raise  the  surface  of  the  object  to  a  high  tem- 
perature, it  being  then  immediately  quenched  by  the  cold 
body  of  the  metal  beneath.  The  equipment  is  only  that 
usually  provided  for  the  oxy-acetylene  welding  process,  but 
the  temperature  of  the  oxy-acetylene  flame  is  higher  than  that 
used  for  the  latter  process,  the  increase  being  obtained  by 
adjusting  the  flame  as  for  welding,  and  then  slightly  increas- 
ing the  supply  of  oxygen.  Arrangements  should  be  made  for 
keeping  the  work  as  cool  as  possible,  so  that  the  body  of  the 
work  is  maintained  at  a  low  temperature  to  ensure  that  the 
quenching  is  sufficiently  rapid.  For  small  parts  it  is  customary 
to  immerse  the  parts  in  a  tank  of  cold  water  fitted  with  an 
adjustable  overflow  pipe.  Bodies  of  large  parts  may  be  left 
to  cool  by  themselves,  but  where  necessary  a  supply  of  cold 
water  may  be  allowed  to  flow  over  the  work.  In  both  cases  the 
actual  surface  to  be  hardened  is  not  submerged  in  water  unless 
it  is  desired  to  give  only  a  very  shallow  depth  of  hardened 
case.  The  process  is  most  suitable  for  dealing  with  parts  of 
which  it  is  desired  to  surface-harden  only  a  small  portion.  It 
is  being  largely  used  at  the  present  time  for  gear-tooth  harden- 
ing. In  calculating  the  cost  of  the  process  for  the  purpose  of 
comparison  with  furnace-treated  work,  it  must  be  recognised 
thatr "~ whereas  for  the  latter  process  it  is  customary  for  the 
machining  of  the  work  to  be  carried  out  to  approximate 
dimensions  only,  so  that  any  distortion  due  to  the  heat  treat- 
ment may  be  corrected  by  straightening  and  grinding,  or 
grinding  alone,  as  the  case  may  be ― by  the  local  surface- 
hardening  process  the  work  is  machined  to  the  actual  finished 
dimensions,  since  there  can  be  no  distortion  during  the  pro- 
cess. In  a  paper  read  before  the  Institution  of  Automobile 
Engineers,  Mr.  J.  H.  S.  Dickenson,  in  November,  1915，  pointed 
out  that  he  had  made  several  experiments  to  show  the  value 
of  the  process  as  applied  to  tlie  local  hardening  of  radii  in 
parts  subjected  to  high  alternating  stresses,  and  pointed  out 


that  the  results  of  these  tests  went  to  prove  that  the  limiting 
range  of  alternating  stress  in  parts  thus  treated  showed  a 
considerable  rise.  Mr.  Dickenson  stated  that,  as  a  result,  he 
was  of  the  opinion  that  in  the  production  of  automobile  crank- 
shafts such  local  treatment  of  the  radii  had  some  obvious 
advantages. 


METHOD  AND  APPARATUS  FOR  CASTING  STEEL. 

With  a  view  to  enable  the  easy  elimination  of  the  slag  gene- 
rally present  on  molten  refined  steel  and  other  molten  metals, 
and  at  the  same  time  to  deliver  such  steel  or  metal  into  the 
mould  with  the  minimum  of  splashing  and  churning,  Messrs. 
Robert  and  John  Hyde,  20,  Bannerdale  Road,  Sheffield,  have 
designed  and  patented  the  method  and  apparatus  illustrated 
herewith.  There  are  two  largely  used  methods,  in  the  first  of 
which  the  product  from  the  melting,  mixing,  or  refining  fur- 
nace, mixed  and  contaminated  with  slag,  is  received  in  the 
well-known  type  of  bottom-pouring  ladle,  fitted  with  stopper 
and  lever  for  operating  it.  As  the  slag  rises  to  the  top,  the 
steel,  drawn  from  the  bottom,  is  free  from  slag,  but  issues 
with  considerable  force  due  to  the  depth  of  the  steel  in  the 


Apparatus  for  Casting  Steel. 

ladle,  and  which  increases,  due  to  dropping  to  the  bottom  of 
the  mould,  causing  considerable  splashing,  and  also  cutting 
or  washing  the  mould  to  a  considerable  degree.  To  avoid  this, 
in  the  alternative  method,  the  steel  or  metal  is  poured  over 
the  lip  or  edge  of  the  ladle,  but  it  is  a  most  difficult  matter  to 
hold  the  slag  back  from  flowing  over  the  lip  at  the  same  time, 
and  contaminating  the  casting. 

The  method  under  notice  consists  in  a  combination  of  the 
two  methods  referred  to  into  one  unit.  Referring  to  the  illus- 
trations, C  is  the  body  of  a  steel-casting  ladle  with  usual  fit- 
tings and  lined  with  refractory  lining  D，  having  nozzle  E 
through  bottom,  closed  by  stopper  L.  The  mixed  steel  and 
slag  are  received  in  this  ladle,  and  the  slag  rises  to  the  top,  so 
that  when  stopper  L  is  raised  by  handle  A,  operated  through 
slide  J  and  link  K,  the  issuing  steel  is  free  from  slag,  but 
issues  with  considerable  force.  This  steel  is  received  in  a  lip- 
pouring  ladle  F  of  convenient  size  and  shape,  with  fittings  as 
shown,  which  ladle  is  supported  under  ladle  C  by  hangers  or 
chains  G  depending  from  trunnion  H.  These  hangers  are 
detachable  at  either  or  both  ends.  The  steel  is  then  poured 
over  the  lip  into  the  mould,  and  by  virtue  of  the  flexible 
nature  of  the  hangers  the  position  of  the  】ip-pouring  ladle  F 
can  be  varied  considerably  in  every  direction  at  the  conve- 
nience of  the  operator,  enabling  him  to  cast  quickly  and  accu- 
rately, saving  considerable  time  iu  adjusting  position  of  ladle 
by  crane. 


Blastfurnaces  in  France- ―  Tlie  number  of  blastfurnaces  in 
France  iu  unoccupied  territory  is  now  48  in  blast,  with  eight 
ready  to  be  blown  in  as  soon  as  coke  can  be  obtained.  The 
furnaces  use  both  French  and  foreign  ore,  and  their  present 
output  is  only  from  110,000  to  120,000  tons  per  month.  In 
July,  1914,  just  before  the  war,  45  plants  had  116  blastfur- 
naces in  operation,  producing  420,000  tons  of  pig  iron  per 
month. 
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GRAPHITE  CYLINDER  LUBRICATION.* 

HY  1':.   、V.  JOHNSTON.  • 

The  economy  of  utilisiiii?  engine  exhaust  steam  instead  ot 
steam  direct  from  the  boiler  for  all  sorts  of  purposes  is  so 
obvious  that  one  is  led  to  wonder  why  t  he  practice  is  not 
more  universal.  One  reason  which  doubtless  has  mitigated 
against  the  method  is  the  contamination  of  the  steam  by 
the  oil  used  for  cylinder  lubrication.  Now  oil  on  a  sea  of 
troubled  waters  may  bring  comfort  to  the  distressed  marine 
engineer,  but  oil  in  steam  beyond  the  cylinders  or  in  the 
waters  of  condensation  brings  only  trouble  and  grey  hairs 
to  the  engineer,  marine  or  otherwise.  It  is,  in  fact,  not  easy 
to  find  another  substance  which,  apart  from  the  one  particu- 
lar object  for  which  it  is  employed,  has  so  many  disadvan- 
tages ;*  and  only  the  lack  hitherto  of  any  efficient  substitute 
will  account  for  its  continued  use  as  ca  steam  cylinder  lubri- 
cant. By  a  process  of  careful  filtration  combined  with  the 
employment  of  a  coagulant,  it  is  doubtless  possible  to  obtain 
a  condensate  sufficiently  free  from  oil  to  be  fit  for  boiler  feed 
purposes  ；  but  there  is  no  system  yet  known  capable  of  en- 
tirely eliminating  oil  from  steam. 

It  is  not  unusual  to  find  turbines  advocated  in  order  to 
provide  such  economical  supply  of  pure  steam  ；  but  turbines 
are  not  in  all  cases  the  most  desirable  form  of  prime  mover, 
nor  is  it,  perhaps,  profitable  to  scrap  otherwise  excellent 
reciprocating  engines  in  order  to  attain  the  object  in  view. 
The  problem  then  is  to  find  an  alternative  lubricant  to  oil, 
which,  while  fulfilling  the  same  primary  function,  is  free 
from  its  many  disadvantages.  Now  graphite  in  certain 
forms  is  an  excellent  lubricant,  and  as  such  has  already  many 
valuable  fields  of  usefulness.  The  discovery  by  Dr.  Acheson 
of  artificial  graphite  has,  in  particular,  given  to  engineers  a 
remarkably  pure  product,  free  from  trace  of  grit  in  an 
unctuous  form,  which  readily  permit",  of  its  disintegration 
to  a  powder  comparable  in  fineness  with,  say,  fine  pastry 
flour.  I  will  only  briefly  refer  in  passing  to  the  use  of  graphite 
in  combination  with  oils  or  greases  for  steam  cylinder  lubrica- 
tion, because,  while  the  actual  amcunt  of  oil  necessary  may 
thereby  be  appreciably  reduced,  the  problem  of  oil  contami- 
nation is  not  greatly  affected. 

Many  attempts  have  been  made  to  use  powdered  graphite 
alone,  and  one  or  two  did  attain  a  certain  measure  of  success, 
but  it  was  found  after  a  time  that  difficulties  arose.  The 
graphite  would  accumulate,  for  instance,  behind  the  piston 
rings,  clogging  their  free  movement,  and  resulting  in  scoring 
of  the  cylinders.  This  clogging  also  extended  to  the  ports  and 
pipeways,  and  even  to  the  condensers,  and  generally,  I  believe, 
the  use  of  graphite  in  powder  form  has  fallen  into  disrepute. 
Late  in  1906,  Dr.  Acheson,  in  the  United  States,  discovered 
that  by  a  process  of  what  he  terms  "  deflocculation,"  he  was 
able  to  carry  the  subdivision  of  graphite  much  beyond  that 
attainable  by  ordinary  means.  The  new  product  thus 
obtained  was  introduced  into  this  country  at'  the  end  of  1911， 
and  in  one  of  its  forms  is  known  as  "  Aquadag,"  or  ((  Defloc- 
culated  Acheson  Graphite,"  in  water. 

It  is  not  possible  in  the  time  at  my  disposal  to  describe 
in  detail  the  evolution  of  this  interesting— discovery ;  suffice 
it  to  say  that  Dr.  Acheson  found  that  Hy  mixing  a  weak 
solution  of  tannin  with  his  disintegrated  lubricating  graphite, 
known  as  "  1340，"  and  agitating  tlie  mixture,  the  minute 
pieces  of  grapliite  were  broken  asunder.  The  extremely 
fine  particles  of  graphite  thus  produced  show  no  tendency  to 
cohere.  Let  it  be  remembered  that  by  the  prior  process 
of  disintegration  the  graphite  particles  are  already  reduced 
in  size  to  a  diameter  of  less  than  ^-i^^in.,  and  are  therefore 
small  enough  to  pass  through  a  sieve  having  40,000  meslies 
per  square  inch  ；  but  to  such  an  extent  does  this  defloccula- 
tion or  breal<ing  down  take  p】are，  tbat  each  of  these  very 
small  graphite  particles  is  subdivided  into  about  1,000  parts. 
This  minute  subdivision  is  almost  beyond  the  power  of  human 
comprehension,  but  a  comparison  may  be  drawn  with  the 
particles  of  dust  present  in  the  air,  which  are  invisible  in 
ordinary  liglil,  but  may  be  seen  in  a  sunbeam.  The  particles 
of  deflocculatecl  graphite  are  so  small  that  under  similar 
conditions  sunlight  would  fail  to  render  them  visible  ；  are  so 
small  in  fact  thai  they  will  pass  through  tlie  finest  chemical 
filter  paper  almosf  as  readily  as  pure  water. 

•  Abstract  of  paper  read  before  the  Birmingham  Association  of  Mechanical 
Engineers.  November  4th,  1916. 


Dr.  Charles  Mal)ery,  professor  of  chemistry  at  the  Case 
School  of  Applied  Science,  Cleveland,  Oliio,  in  a  paper  read 
before  the  American  Society  of  Mechanical  Engineers  in 
January,  1910,  gives  the  results  of  tests  carried  out  with 
Aquadag  in  comparison  with  various  oil  lubricants  on  a 
Carpenter  testing  machine,  wliich  showed  that  hoth  the 
coefficient  of  friction  and  rise  in  temperature  for  Afjuadag 
were  very  considerably  lower  than  for  any  of  the  other 
lubricpnis  tested.  We  have  here,  therefore,  a  remarkable 
new  lubricant,  chemically  inert  in  pure  water,  a  medium 
convenient  for  application  at  least  for  internal  lubrication, 
and  of  such  extreme  fineness  as  to  be  capable  of  readily  enter- 
ing the  pores  of  metals,  evening  up  their  surfaces  and  forming 
a  coating  of  high  durability  and  exceptional  lubricating 
properties. 

Another  remarkable  feature  of  Aquadag  is  that  numerous 
and  long-continued  trials  show  that  the  very  small  propor- 
tion of  0  35  per  cent,  (one-third  of  one  】）ei，  cent.)  of  graphite 
to  water  is  adequate,  and  that  a  larger  proportion  is  super- 
fluous. Further,  Aquadag  cannot  emulsify,  oxidise,  or  burn 
up,  and,  unlike  oil,  possesses  little  or  no  viscosity.  Hence 
regulation  in  feed,  for  instance,  is  not  affected  by  tempera- 
ture. Its  cost  compares  favourably  with  that  of  oil,  and  as 
it  is  sent  out  in  concentrated  form  (a  one  gallon  charge  weigh- 
ing only  a  few  ounces)  is  economical  in  freightage  and  storage. 
As  a  cutting  medium  instead  of  lard  oil,  &c.，  it  has  already 
established  a  reputation  ；  and  in  the  drawing  of  tungsten,  &c.， 
for  metallic  filament  lamps,  Aquadag  is  the  only  lubricant 
used  for  practically  the  whole  world's  production  ；  in  fact, 
it  was  found  that  the  process  of  drawing  tungsten,  <fec"  wire 
was  not  a  commercial  proposition  until  Aquadag  was  used. 

The  subject  of  this  paper,  however,  is  "  Graphite  Cylinder 
Lubrication."  My  knowledge  of  other  applications  of 
graphite  is  probably  less  than  many  of  you  here  possess,  and 
certainly  does  not  entitle  me  to  give  more  than  a  passing 
reference  to  the  same  ；  but  as  the  first  to  systematise  the  use 
of  Aquadag  for  steam  and  other  cylinder  lubrication,  I  have 
ventured  to  hope  that  niy  experiences  in  that  direction  may 
prove  of  some  little  interest  to  you.  It  was  in  the  early  part 
of  1912,  while  searching  for  means  of  economically  over- 
coming the  difficulty  of  oil  contamination  in  the  feed  water, 
and  particularly  in  the  exhaust,  steam,  that  I  became  aware 
of  the  existence  of  Aquadag.  Although  the  vendors  were 
then  unable  to  recommend  its  use  in  this  direction,  I  con- 
sidered it  worth  trying  and  obtained  a  small  supply.  The 
results  obtained  with  this,  so  far  as  effective  lubrication  is 
concerned,  appeared  sufficiently  proniieing  to  encourage  fur- 
ther tests,  but  I  found  difficulty  in  arranging  for  continuous 
and  graduated  feed.  An  ordinary  water-filled  sight  glass 
was,  of  course,  useless,  and  a  steam-filled  sight  tube,  which 
was  tried,  became  obscured  almost  immediately. 

Yet  in  view  of  what  1  knew  of  the  failure  of  previous 
attempts  to  use  graphite  arising  from  "  clogging,"  I  soon 
realised  that/for  the  deduction  of  reliable  data  some  means 
of  accurate  feed  control  must  be  found.  Lacking  knowledge 
of  the  existence  of  any  such  means,  I  therefore  devised  a 
lubricator  having  as  its  distinctive  feature  a  sight  tube  filled 
with  paraffin  or  other  transparent  oil  instead  of  water,  and 
having  the  feed  nozzle  at  the  top  instead  of  the  bottom, 
where  now  was  placed  the  outlet  connected  to  the  steam 
pipe.  This  formation  can  best  be  described  as  an  upright  U， 
one  arm  of  which  (the  sight,  tube)  is  filled  with  some  non- 
aqueous liquid,  through  which  the  aqiieously  borne  lubricant 
is  fed  drop  by  drop,  rising  and  filling  the  other  arm  of  the  U 
formed  by  the  delivery  tube,  passing  thence  to  a  suitably  con- 
structed outlet,  whereby  it  is  "  atomised  ，'  into  the  current 
of  steam,  and  so  conveyed  to  the  moving  parts  of  the  engine. 
Contrary  to  what  might  be  expected,  the  oil  does  not  pass 
upward  through  the  nozzle,  and  difference  in  specific  gravity 
prevents  its  escape  up  the  delivery  arm.  Difficulty  was  at 
first  found  in  obtaining  a  satisfactory  drop  feed,  owing  to 
pulsation  at  the  nozzle,  but  this  was  eventually  traced  to  "  air 
cushion  "  above  the  oil  in  the  sight  tube  and  elsewhere,  and 
this  defect  has  now  been  entirely  eliminated. 

In  order  to  prevent  dilution  of  the  lubricant  by  displace- 
ment water  from  the  condenser,  I  designed  the  container  in 
such  form  that  a  body  of  oil  is  always  interposed  between 
them  ；  means  are  also  provided  to  prevent  the  oil  from  escap- 
ing either  by  way  of  the  condenser  or  into  the  sight  tube. 
This  sight  tube  is  equally  applicable  to  mechanical  or  other 
force  feed  lubricators  as  to  the  displacement  type  described. 
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The  latter,  however,  lias  many  points  of  practical  utility  nor 
possessed  bv  the  displacement  t _v pe  in  general  use  for  oil. 

Lubricators  em  bodying  the  above  principles  were  made 
and  fitted  by  me,  and  Aquadag  was  adopted  as  cylinder  lubri- 
cant in  February,  1912.  The  plant  concerned  includes  three 
50  kw.  high-speed  steam  dynamos,  two  deep  borehole  pump- 
ing engines,  boiler  feed,  circulating  and  other  steam  pumps, 
supplied  with  saturated  steam  from  three  30ft.  mechanically- 
fired  Lancashire  boilers  working  at  1201bs.  pressure.  It  was 
early  noticed  that  one  dynamo  engine,  the  high-pressure 
cylinder  of  which  had  a  bore  varying  in  circumference  about 
iin.,  ran  more  smoothly  than  it  previously  did  on  oil  ；  also 
the  usual  three-weekly  inspection  of  cylinders  showed  that  the 
general  impression  of  efficient  lubrication  was  well  founded. 
One  of  these  high-speed  engines,  after  accurate  gauging 
of  the  valves  and  cylinders,  was  put  on  a  six  months"  running 
test.  At  the  end  of  this  period  the  greatest  wear  at  any 
point  was  found  not  to  exceed  one-thousaiicU li  of  an  iiicli, 
and  it  was  particularly  noticed  that  the  walls  of  the  high 
pressure  cylinder  and  piston  rings  were  in  faultless  condition, 
having  niit  ror-like  surfaces.  A  set  of  indicator  cards  were 
taken  on  full  load  after  about  two  years'  working  on  Aquadag 
and  a  comparison  made  with  those  filed  by  the  engine  makers 
of  tlie  official  works  test  of  this  engine.  The  results  showed 
a  difference  in  overall  efficiency  of  0.6  per  cent,  only,  which, 
considering  the  test  was  made  under  ordinary  working  con- 
ditions, may  be  regarded  as  satisfactory.  A  steam  consump- 
tion test  would  have  been  made  had  working  conditions 
allowed,  but  this  was  not  practicable,  the  engines  exhausting 
into  a  general  heating,  &c.，  system  at  31bs.  back  pressure. 

As  demonstrating  the  formation  of  a  real  graphitic  coat- 
ing on  the  rubbing  surfaces  when  Aquadag  is  used,  it  is 
interesting  to  observe  in  certain  cylinders  composed  of  mare 
open  or  porous  grained  iron,  how  the  graphite  has  evened  up 
the  minute  depressions. 

Since  uniformly  satisfactory  results  were  obtained  also 
on  the  pumping  engines  and  other  auxiliaries,  the  stock  of 
cylinder  oil  became  obsolete,  and  has  been  sold  and  quite 
forgotten.  The  entire  plant  has,  therefore,  been  working 
with  Aquadag  as  the  sole  cylinder  lubricant  from  February, 
1912，  up  to  the  present  moment.  All  available  condensed 
steam  is  now  returned  to  the  boilers,  so  that  approximately 

10  per  cent,  only  of  make-up  water  is  added  daily.  The  in- 
teriors of  the  boilers  are  free  from  grease,  practically  clean 
down  to  metal  save  where  patches  of  old  scale  still  adhere, 
and  entirely  free  from  suspicion  of  "  pitting/'  Formerly  a 
considerable  amount  of  scale  of  very  tenacious  character  had 
to  be  dealt  with,  which  resulted  in  loss  of  efficiency,  extra 
labour,  and  wear  and  tear  to  the  boiloi*.  Now,  on  the  other 
hand,  a  feed  water  of  considerably  higher  temperature  and 
exceptional  purity  is  available,  resulting  in  further  consider- 
able  fuel  economy.  This  latter  is  obtained  at  no  extra  cost 
of,  or  inefficiency  in,  lubrication,  and  without  the  considerable 
expense  of  installing  and  maintaining  a  water  softening  or 

011  filtering  apparat  us  ；  which  latter,  owing  to  existing, 
arrangements,  pipe  levels,  &c.，  is  often  impracticable. 
Further,  the  em ploymeiit  of  a  chemical  filtration  process  for 
oil  elimination  purposes  must  appreciably  reduce  the  tem- 
perature of  the  treated  condensate.  It  also  leaves  untouched 
the  problem  of  oil  deposition  in  condensers,  radiators,  &c.， 
and  forbids  the  employment  of  exhaust  steam  in  contact  with 
foods  and  other  delicate  products. 

This  system  having  now  been  in  continuous  operation  for 
about  five  years,  ample  time  has  been  allowed  for  the  develop- 
ment of  possible  defects  arising  from  (1)  insufficient  lubrica- 
tion, (2)  clogging,  and  (3)  the  presence  of  the  graphite  in  the 
boilers  and  steam  system  generally. 

(1)  In  regard  to  lubrication,  the  continued  excellent  state 
of  all  rubbing  surfaces,  including  slide  valves,  which  are  with- 
out trace  of  scoring,  dispels  all  doubt,  on  that  head.  As 
illustration  of  the  little  wear  obtaining-  may  be  adduced  the 
fact  that  it  has  not  yet  been  found  i.e cessary  to  face  up  or 
replace  a  single  working  surface  save  two  piston  rings,  one 
of  these  having  broken  by  accident  during  withdrawal  for 
inspection.  These  results  may  be  said  to  no  more  than  bear 
oul  general  experience  of  the  efficiency  of  graphite  in  reduc- 
ing friction,  when  suitably  applied  ；  but  past  experience  may 
also  be  adduced  to  show  that,  as  an  inert  solid,  graphite, 
however  applied,  must  build  up  deposit  on  deposit,  and  so 
interfere  with  the  free  working  of  pistons^  valves  &c.，  and 


produce  (？ logging  of  the  ports  and  pipeways.  If  Aquadag  so 
operates,  its  use  for  internal  lubrication  must,  like  that  ot 
previous  attempts  to  employ  graphite  alone,  be  regarded  as 
a  failure.  Hence  the  long  probation  imposed  by  the  writer 
on  his  system  - 

(2)  Under  the  general  term  "  clogging,"  I  will  include 
any  undesirable  accunmlation  or  deposit  of  graphite  on  the 
piston,  cylinders,  valves,  in  glands,  ports,  condensers,  steam 
exhaust  and  water  pipes,  and  boilers.  Let  me  again  draw 
your  attention  to  the  extreme  fineness  of  the  graphite  con- 
tents of  Aquadag.  Here  we  have  the  law  of  gravity  set  at 
defiance  by  the  permanent  state  of  suspension  in  water  of  the 
comparatively  heavy  graphite  particles.  Let  me  also  remind 
you  that,  while  this  state  of  suspension  is  stable  in  pure  water, 
even  between  fairly  extreme  degrees  of  temperature,  evapora- 
tion to  dryness  will  restore  the  power  of  cohesion  lost  during 
deflocculatiou.  Carry  out  this  evaporation  to  dryness  by  a 
gradual  process,  and  a  solid  mass  of  graphite  will  result. 
Suppose,  howevei;,  an  evaporative  process  takes  place  while 
the  graphite  particles  are  very  widely  diffused,  as  occurs  after 
" atomisation  "  of  Aquadag  correctly  injected  into  a  cur  en  t 
of  steam.  What  is  likely  to  result  1  Probably  cohesion 
now  only  occurs  to  a  triiling  extent  between  the  particles 
themselves,  but  will  more  readily  result  from  collision  of  the 
particles  with  the  surfaces  traversed  by  the  steam  current. 
If  the  correct  amount  of  Aquadag  has  not  been  grossly  ex- 
ceeded, and  has  been  evenly  injected  (as  by  a  drop  by  droj"* 
feed),  the  current  of  steam  is  probably  too  strong  to  allow  of 
more  than  n  thin  graphitic  coating  ；  cUid  when  tins  coating 
has  been  obtained,  further  adhesion  is  more  or  less  confined 
to  replacing  those  particles  lost  by  friction. 

Those  graphite  particles  remaining  in  the  steam,  after 
passing  through  the  engine,  \vil】  again  meet  and  become  en- 
trained in  moisture  from  the  water  of  condensation.  In  this 
state,  though  now  flocculated  and  out  of  suspension  in  the 
steam,  but  still  finely  subdivided,  the  graphite  appears  to 
possess  little  immediate  power  of  further  coherence,  and  is  pro- 
bably carried  by  the  nearest  "  condense  '，  drain  to  the  hot  well, 
and  from  there  to  the  boilers.  Further,  the  amount  present  at 
any  one  time  beyond  the  engines  is  so  small  that  it  may 
easily  pass  undetected.  For  consider  what  is  the  actual 
amount  of  graphite  involved  ；  the  proportion  in  Aquadag  as 
used  is  one-third  of  1  per  cent.,  so  that,  allowing  277  cub. 
in.  to  the  gallon,  this  gives,  approximately,  0  92  of  one  cubic 
inch  only  of  graphite  for  every  gallon  of  lubricant  passed 
through  the  engines.  This  is  my  own  explanation  for  the 
fact  that,  after  almost  five  years'  daily  use,  there  is  found  to 
be  no  deposit  throughout  the  receivers,  ports,  valves,  and 
cylinders  in  excess  of  the  thin  coating  formed  in  the  first  few 
weeks  of  use  ；  and  little,  if  any,  trace  in  the  exhaust  pipes, 
condensers,  or  other  tracts  beyond  the  engines. 

(3)  The  effects  of  graphite  in  boilers,  &c.，  can  only  be 
advantageous,  and,  in  fact,  the  direct  insertion  of  graphite  is 
now  advocated.  Being  clieniicallv  inert,  it  cannot  form  com- 
binations likely  to  injure  the  metal  surfaces  of  the  plates  or 
mountings,  but  is  more  likely  to  protect  them.  It  would  also 
appear  to  have  a  real  effect  in  reducing  scale  formation. 

It  is  to  be  understood  that  this  paper  is  founded  upon 
experience  gained  in  the  employment  of  Aquadag  in  connec- 
tion with  engines  running  on  non-superheated  steam,  and  the 
writer  is  not  entitled  to  speak  as  to  results  which  might  be 
derived  in  conjunction  with  superheated  steam,  although  he 
has  reason  to  suppose  that  in  one  instance,  at  least,  his  system 
is  giving  satisfactory  results  where  some  degree  of  superheat 
obtains.  There  is,  however,  no  question  as  to  the  ability  of 
cleflocculated  graphite  to  afford  efficient  lubrication  ；  but 
practical  difficulties  in  the  way  of  "  atomising  ，，  it  into  the 
current  of  steam  yet  remain.  Experiments  made  by  the 
writer,  however,  lead  to  the  conclusion  that  the  problem  is 
capable  of  solution. 

For  the  internal  lubrication  of  air  compressors,  Aquadag 
would  appear  to  possess  at  least  one  outstanding  advantage 
over  oil,  inasmuch  as  it  is  not  liable  to  cause  explosions  which 
not  infrequently  are  of  a  fatal  character  ；  and  a  start  has 
been  made  in  the  adoption  of  this  svsteni  to  high  compres- 
sion, but  it  is  yet  too  early  to  give  the  results. 

In  the  use  of  Aquadag  for  the  cylinder  lubrication  of  inter- 
nal-combustion engines,  many  interesting  problems  are  in- 
volved, in  the  elucidation  of  which  the  writer  hopes  it  may 
be  his  privilege  to  assist. 
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SO  fur  as  mul-lype  motors  an; (' (川 （'("'11<'(1，  t  Ih*  moment  of 
inertia  generally  increases  a  little  more  rapidly  than  llio 
horse-j)ower  rating.  For  instance,  the  moment,  of  inertia  of 
the  armature  of  a  25  h.p.  motor  is  apt,  to  he  less  than  one- 
half  the  moment  of  inert ia  of  the  armature  of  a  50  h.p.  motor. 
There  is  an  error  or  omission  in  this  reasoning  to  which  I  shall 
refer  later.  I  liave  also  heard  of  the  use  of  two  nieclianically- 
coiiiiected  motors  permanently  in  series,  advocated  for  roller- 
table  service  on  the  theory  that  acceleration  or  reversal  was 
as  rajnd  up  to  half  speed  as  in  the  case  of  one  or  more  motors 
receiving  full-line  voltage,  but  with  the  added  advantage  that 
the  two  motors  in  series  did  not  have  the  same  tendency  to 
race  if  allowed  to  run  for  a  length  of  time.  It  was  felt  that 
this  made  reversing  quicker  and  easier  for  the  motors.  I  have 
also  known  cases  where  st^el  mill  engineers  have  felt  that 
there  should  be  a  worth  while  saving  in  the  cost  of  the  con- 
troller for  two  motors  mechanically  connected  and  perma- 
nently in  series. 

The  foregoing  illustrations  are  those  which  have  come  to  my 
Jitteiition  from  time  to  time  favouring  the  use  of  two  or  in  ore 
mechanically  connected  motors  in  the  place  of  one  large  motor, 
and  110  doubt  other  reasons  could  be  stated.  This  practice, 
however,  has  raised  new  difficulties,  some  of  which  can  easily 
be  explained  by  theoretical  considerations  ；  others,  however, 
are  brought  to  our  attention  forcibly  only  by  the  difficulties 
experienced  in  service,  and  sometimes  it  is  puzzling  to  find 
the  true  explanation  of  the  difficulties  which  have  developed. 
The  electrical  problems,  which  are  very  largely  the  questions 
of  circulating  currents  and  the  unequal  division  of  the  total 
motor  current,  are  important  and  will  be  considered  first. 

The  following  is  the  general  equation  of  a  direct-current 
motor  :  The  speed  of  rotation  is  equal  to  the  voltage  divided 
by  the  product  of  the  number  of  effective  armature  conductors 
and  the  amount  of  magnetic  flux  which  is  cut  by  these  con- 
ductors. The  characteristic  curves  of  series,  shunt,  and  com- 
pound motors  are  merely  t^raphic  illustrations  of  this  fiuida- 
mental  equation  bringing  in,  in  addition,  the  variation  of 
motor  current  a?  a  function  of  speed  and  the  variation  of 
torque  as  a  function  of  current.  It  will  be  more  in  line  with 
our  purpose  to  show  curves  for  series,  shunt,  and  campounct 
motors,  illustrating  the  change  in  motor  current  with  change 
ill  speed.  It  is,  of  course,  well  known  that  the  speed  changes 
least  ill  the  case  of  shunt  motors,  more  in  the  case  of  com- 
pound motors,  and  most  in  the  case  of  series  motors. 

Ill  Fig.  1，  curve  A  A  represents  the  relation  between  speed 
and  current  in  the  case  of  a  series  motor,  BB  in  the  case  of  a 
compound  motor,  and  (，（，  in  the  case  of  a  shunt  motor.  These 
are  curves  expressing  current  as  a  function  of  speed.  It  must 
be  remembered  that  such  a  curve  represents  only  approxi- 
mately tlie  performance  of  any  given  motor,  and,  as  a  matter 
of  fact,  the  speed-current  curves  of  different  motors,  although 
built  commercially  to  be  duplicates,  will  vary  by  several  per 
cent.  Take  the  case  of  any  standard  motor.  Undoubtedly  all 
such  motors  built  from  the  same  drawings  and  patterns  will 
have  the  same  general  physical  dimensions,  the  same  number 
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Fig.  3.— Speed  Current  Curves  of  two       Fig.  4. ― Speed  Current  Curves  of  two 
similar  Compound  Motors.  similar  Series  ^lotors. 

of  effective  armature  conductors,  and  the  same  number  of 
turns  in  the  field  coils.  It  must  be  remembered,  however, 
that  the  position  of  the  speed-current  curve  is  strongly 
affected  by  the  total  flux  which  is  cut  by  the  armature  con- 
ductors. In  each  case  the  voltage  may  be  the  same,  the  arma- 
ture and  the  field  coils  may  be  the  same,  but  the  total  flux 
may  vary  considerably,  because  the  reluctance  of  the  iron 
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I N  t  his  paper  reference  will  t  i'equfM"  ly  be  niade  t  o  t  wo  or 
more  motors  nierlmnically  con  nested.  The  j)hrase  "  inecliaiii- 
oally  connected  will  be  defined  as  meaning  first,  that  any 
change  in  speed  of  rotation  of  any  one  motor  must  be  accom- 
panied by  the  same  proportionate  change  in  speed  of  rotation 
of  each  of  the  other  motors  ；  and  second,  that  a  change  in  the 
direction  of  rotation  of  any  motor  must  be  accompanied  by 
a  change  in  direction  of  rotation  of  each  of  the  other  motors. 
Tl，is  definition  is  made  broad  enoiis^h  to  include  the  iiifreqiieiii 
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of  various  Types   of  Motors.    AA ― 
Series  Motor.  BB— Compound  Motor. 
CC— Sbiint  Motor. 
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cases  where  two  or  more  motors  of  different  horse-powers  and 
speeds  are  operating  together  to  drive  one  motion,  and  the 
more  frequent  cases  where  the  motors  may  be  identical  in 
horse-power  and  speed  but  may  rotate  in  opposite  directions. 
The  majority  of  cases  claiming  our  attention  will  include  two 
or  more  】no£ors  of  the  same  horse-power  and  speed,  all  rotat- 
ing in  the  same  direction  at  the  same  time.  The  mechanical 
connection  between  motors  may  consist  of  gearing,  pulleys 
and  belts,  sheaves  and  cables,  or  it  may  be  through  track  and 
track  wheels  as  on  the  bridge  motion  of  a  travelling  crane. 

Electric  cars  furnish  an  early  example  of  two  motors 
mechanically  connected.  One  reason  for  their  use  in  this 
work  is  the  small  clearance  between  the  track  and  the  bottom 
of  the  car  ；  another  reason  is  the  economy  in  power  consurap- 
lioii  which  is  gained  by  the  use  of  series-parallel  control.  The 
steel  mills  furnish  frequent  illustrations  of  two  or  more 
mechanically-connected  motors,  and  it  is  logical  to  enquire 
why  preference  is  given  to  several  inechaiiically-connecteci 
motors  instead  of  one  large  motor  having  a  horse-power  rating 
equivalent  to  the  sum  of  the  smaller  motors.  In  some  cases 
two  or  more  motors  were  used  simply  because  of  their  con- 
venience. It  may  be  that  the  frame  of  tlie  smaller  motors 
fitted  more  easily  in  the  available  space  or  that  it  appeared 
to  be  considerably  easier  to  change  armatures.  Sometimes 
the  horse- power  requirements  are  quite  large,  and  if  one  large 
motor  instead  of  several  small  ones  were  used,  it  might  intro- 
duce into  th^  mill  an  entirely  new  size  of  motor,  thereby 
complicating  the  spare  part  situation  ；  or  the  horse^power 
rating  might  be  beyond  the  range  of  mill-type  motors,  thereby 
forcing  the  use  of  a  motor  which  did  not  seem  to  have  the 
same  sturdy  qualities  that  characterise  mill-type  motors. 
Another  reason,  and  a  very  good  one,  for  the  use  of  two  or 
niore  mechanically-connected  motors  is  the  need  of  continuing 
to  operate  some  machine,  even  if  one  of  the  motors  burns 
out.  In  this  case  the  remaining  motor,  or  motors,  are  made 
of  sufficient  capacity  to  maintain  operation,  although  perhaps 
at  a  reduced  speed.  A  metal  mixer  is  a  good  illustration  of 
a  machine  coming  under  this  classification,  as  it  is  obviously 
necessary  to  be  able  to  tilt  the  mixer  even  if  one  motor  is 
disabled.  The  hoist  on  a  ladle  crane  is  another  commou  illus- 
tration of  the  same  character. 

It  has  came  to  my  attention  several  times  that  two  or  more 
mechanically-connected  motors  have  been  selected  for  roller- 
table  service  on  the  theory  tliat  the  small  motors  will  accele- 
rate  and  reverse  more  rapidly  than  one  large  motor,  and  that 
therefore  a  roller  table  so  equipped  has  a  larger  capacity  to 
move  steel.    Probably  this  belief  was  based  on  the  fact  that 


1 :  

^  ^  ， 


o 


PJJad.;  pool  =^^-£0 


482 


THE   MECHANICAL   ENGINEER.  [December  22, 1916 


circuit  of  the  motor  will  depend  on  tlie  character  of  iron 
employed  and  upon  the  lengths  of  the  several  air  gaps. 

In  Fig.  2，  the  full  line  .4^  is  the  speed-current  curve  of 
one  shunt  motor,  and  the  dash  line  BB  is  the  speed-current 
curve  of  another  shimt  motor,  which  might  be  easily  sold  as 
a  duplicate  of  the  first-named  motor.  The  only  difference 
between  these  two  curves  is  that  at  any  s^iven  load,  one  of 
the  motors  has  a  speed  5  per  cent,  in  excess  of  the  other 
motor.  If  two  such  motors  are  connected  to  a  machine  so 
that  they  must  rotate  at  the  same  speed,  there  will  necessarily 
be  a  heavy  unbalancing  of  the  total  current.  For  instance, 
assume  the  load  is  such  that  the  two  motors  will  run  at  the 
speed  indicated  by  the  line  a  a  ；  it  will  be  seen  from  the 
diagram  that  one  motor  will  then  take-  65  per  cent,  full  load 
current  and  the  olher  motor  135  per  cent,  full  load  current. 
The  two  motors  together  are  taking  twice  the  full  】oad  current 
of  one  motor,  but  one  motor  is  considerably  under-loaded  and 
the  other  motor  so  much  overloaded  that  it  "will  burn  out  if 
the  load  is  maintained. 

Fig.  3  indicates  the  conditions  which  might  be  expected 
in  the  case  of  compound  motors,  and  Fig.  4  the  conditions  in 
the  case  of  series  motors.  It  will  be  noted  that  the  unbalanc- 
ing of  m ech a ii ic a  1 1  y-c o 1 1 n ect ed  series  motors  will  be  less  than 
the  unbalancing  of  either  shunt  or  compound  motors.  The 
unbalancing  of  compound  and  series  motors  is  least  at  high 
speed  and  low  current  and  greatest  at  low  speeds  and  high 
current. 

So  far  we  have  not  considered  the  question  of  control,  but 
have  merely  reached  the  conclusion  that,  due  to  imperfec- 
tions in  motor  manufacture,  two  or  more  mechanically-con- 


motor.  The  motor  having  tho  smaller  portion  of  current 
through  its  series  field  will  have  less  total  flux  to  be  cut  by 
the  armature  conductors  ；  it  will  therefore  develop  less 
counter-electromotive  force  than  the  other  motor,  and  will 
permit  a  considerably  higher  current  to  pass  through  its  arma- 
ture. The  motors  will,  therefore,  be  unbalanced,  not  only 
because  of  imperfections  in  manufacture,  as  shown  in  Fig.  4, 
but,  in  addition  and  more  seriously,  because  the  total  flux  of 
one  motor  will  be  larger  than  the  total  flux  of  the  other  motor. 
The  conclusion  of  this  analysis  is,  therefore,  that  the  opera- 
tion of  two  mechanically-connected  series  motors  by  one  con- 
troller may  lead  to  serious  unbalancing  of  the  current. 

The  first  departure  from  this  scheme  of  control  is  one  pro- 
bably suggested  by  the  practice  followed  on  electric  cars. 
Here  it  is  usual  to  employ  one  starting  resistor,  but  to  have 
individual  reversing  switches  for  each  motor.  These  connec- 
tions are  shown  in  Fig.  6，  wherein  the  designations  are  the 
same  as  in  Fig.  5，  with  the  exception  that  F^,  F and 
represent  an  additional  set  of  reversing  contactors.  "With 
individual  rev  Risers  for  each  motor,  it  is  possible  to  connect 
the  series  field  of  one  motor  directly  to  its  armature  and  the 
series  field  of  the  other  motor  directly  to  its  armature.  This 
connection  eliminates  the  unbalancing  due  to  unequal  division 
of  current  through  the  series  field,  as  explained  in  connection 
with  Fig.  5.  It  is  a  satisfactory  connection  for  two  mechani- 
cally-connected series  motors  when  these  motors  are  merely 
started  from  rest  and  accelerated  to  receive  full  line  voltage. 
The  only  unbalancing  of  load  is  that  due  to  variations  in  the 
speed-current  characteristics    of  the  two  motors. 

I  have  said  that  the  connections  in  Fig.  6  are  satisfac- 
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Fig.  5.— Control  Arrangement  of  Two  Series  Motors  by  Single  Controller.     Fig.  6,— Control  Arrangement  of  Two  Series  Motors  with  Single 
Starting  Resistor  and  Separate  Reversing  Contactors.     Fig.  7.— A  Dangerous  Arrangement  of  Series  Motors.     Fig.  8.— Another  Dangerous 
Arrangement.    Fig.  9.— An  Improved  Method  of  Controlling*  Two  Reversing  Series  Motors.     Fig.  10.— Arrangement  of  Two  Mechanically- 
connected  Motors  on  Ladle  Crane.    Fig.  11. ― Method  of  (JontrolUug  Two  Motors  with  One  Set  of  Reversers  and  One  Acceloiation  Resistor. 


nected  motors  are  apt  to  divide  the  load  unequally,  and  that 
this  difficulty  is  least  serious  with  series  motors,  more  serious 
with  compound  motors,  and  most  serious  with  shunt  motors. 
Several  other  causes  might  lead  to  similar  variations  in  the 
speed -current  curves.  Unequal  heating  of  shiuit  field  coils, 
failure  to  rewind  armature  or  field  coils  with  the  original 
number  of  turns,  poor  condition  of  commutator  or  brushes,  or 
greater  drop  in  line  voltage  in  leads  to  one  motor  thau  in 
leads  to  another  motor,  are  examples  of  these  causes.  In 
short,  there  are  many  reasons  why  two  or  more  mechanically- 
connected  motors,  nominally  duplicates,  will  make  an  unequal 
division  of  the  total  Tiiotor  current. 

Two  series  motors  are  so' 読 times  controlled  by  a  single, 
standard,  oiie-motor  controller  by  connecting  the  two  series 
field  permanently  in  parallel  and  the  two'  armatures  perma- 
nently in  parallel.  Fig.  5  represents  such  a  condition  wherein 
FF^  is  the  series  field  of  one  motor,  SF is  the  series  field  of 
the  other  motor,  .4,  is  the  armature  of  one  motor,  A^\^  the 
armature  of  the  other  motor,  V ^  and  are  one  pair  of 
reversing  contactors,  and  7?】 and  are  the  other  pair  of 
reversing  contactors,  S. 么  and  are  the  acceleration 
contactors  which  are  used  for  short-circuiting  the  resistor. 
The  entire  motor  current  flows  through  the  two  series  fields 
in  parallel,  which  are  of  relatively  low  resistance ；  as  the 
current  will  divide  inversely  as  the  resistance  of  the  two  fields, 
it  is  a  delicate  and  difficult  matter  to  balance  these  two 
circuits  so  that  they  shall  divide  the  current  equally,  not  only 
when  the  motors  are  cold,  but  also  when  they  are  hot.  The 
general  result  is  that  more  current  flows  through  the  series 
field  of  one  motor  than  through  the  series  field  of  the  other 


tory  for  accelerating  the  motors  from  rest  to  full  speed.  They 
are  not  satisfactory  for  rapid  reversing  or  "  plugging,"  the 
difficulty  being  one  of  circulating  currents  at  the  moment  of 
reversing.  Fig.  7  indicates  two  mechanically-connected 
motors  operated  by  this  scheme  of  control  and  receiving  full- 
line  voltage.  The  current  passing  through  the  series  field  and 
the  armature  of  each  motor  is  indicated  by  solid  arrows  and 
the  counter-electromotive  force  developed  in  each,  armature  is 
opposite  in  direction  and  is  indicated  by  the  dotted  arrows. 
Assume  that  these  motors  are  running  at  full  speed  and  that 
the  controller  is  reversed,  whereupon  the  connections  in  Fig, 
8  are  immediately  established.  The  direction  of  currenb 
through  the  series  field  remains  the  same  ；  the  armatures  are 
still  rotating  in  the  same  direction,  and,  therefore,  the  direc- 
tion of  the  counter-electromotive  force  remains  the  same  ；  but 
the  connections  between  the  armature  and  the  series  field  of 
each  motor  have  been  reversed,  so  that  now  the  direction  of 
the  current  through  the  series  field  and  the  direction  of 
counter-electromotive  force  of  each  motor  are  the  same.  The 
series  field  and  the  armature  are  connected  in  a  closed  path, 
of  which  the  resistance  is  relatively  very  low.  If  the  starting 
resistor  is  designed  to  allow  the  passage  of  50  per  cent,  over- 
load at  reversal,  the  counter-electromotive  force  developed  in 
each  armature  is  somewhat  in  excess  of  the  line  voltage.  Each 
of  the  armatures  may  be  looked  upon  as  a  booster  assisting 
the  line  voltage  to  force  current-  throug'n  its  series  field.  The 
counter -electromotive  force  of  one  motor  will  probably  be  at 
least  slightly  greater  than  the  counter-electromotive  force  of 
the  other  motor.  For  illustration,  assume  250  and  240  volts 
from  the  top  and  bottom  motors  respectively.    With  this  con- 
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dition  more  current  will  pass  tlmmgh  the  series  field  of  the 
top  motor  than  through  the  series  field  of  the  bottom  motor. 
The  effect  of  this  will  be  to  further  increase  the  counter- 
electromotive  force  of  the  top  motor  and  further  decrease  that, 
of  the  bottom  motor.  The  fields  become  still  further  un- 
balanced, and  presently,  due  to  the  predoniiiiance  of  the  top 
motor,  a  local  current  circulates  through  the  series  field  and 


rotate  upward  about  the  point  h.  Tlie  hearing  caps,  while  of 
liberal  ])ro|)ortions,  were  probably  not  designed  to  take  an 
upward  thrust,  since  it  would  appear  that  the  weight  of  the 
ladle  would  always  keep  the  drums  resting  heavily  on  their 
bearings.  The  final  result  was  th at  the  bolts  holding  down  the 
bearing  caps  of  drum  No.  1  were  stretched  or  broken.  In  this 
particular  mecliaiiisni,  if  one  brake  locks   before   the  other 
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armatures  of  the  two  motors,  reversing  the  series  field  of  the 
bottom  motor.  As  soon  as  this  is  reversed,  the  direction  ot 
the  counter-electromotive  force  of  the  bottom  motor  is 
reversed,  and  we  then,  have  two  series  generators  in  series 
with  each  other  generating  current  in  the  same  direction  with 
110  external  resistance  in  the  circuit.  Tlie  result  is,  of  course, 
an  amount  of  current  which  is  not  only  inconvenient,  but 
positively  dangerous.  We  therefore  reach  the  conclusion 
that  where  only  one  acceleration  resistor  is  used,  it  is  advan- 
tageous to  identify  each  series  field  with  its  armature  in 
starting  from  rest,  but  that  on  rapid  reversal  these  connec- 
tions are  dangerous,  and  should  not  be  employed. 

The  circulating  currents  described  are  prevented  by  em- 
ploying the  connections  shown  in  Fig,  9.  This  differs  from 
Fig.  8  only  by  having  an  individual  acceleration  resistor  for 
each  motor.  The  local  path  through  wliich  the  circulating 
currents  flowed  has  now  been  made  to  include  such  high  total 
resistance  that  the  circulating  currents  can  not  get  started, 
and  with  these  connections  rapid  reversal  is  smooth  and 
normal. 

This  analysis  might  be  expanded  almost  indefinitely  by 
investigating  other  more  com  plicated  methods  of  control, 
such  as  dynamic  braking  hoist  controllers,  armature  shunts, 
&c.  I  will  have  to  dismiss  this  additional  subject  with  tlie 
statement,  that  the  more  complicated  forms  of  control  contain 
even  greater  dangers  of  unbalanced  loading  and  circulating 
currents. 

Fig.  9，  which  has  been  reached  by  the  elimination  of  all 
the  previous  diagrams,  is,  in  my  judgment,  the  only  satis- 
factory way  to  control  two  or  more  mechanically-coiinecteil 
motors  permanently  in  parallel.  This  diagram  represents  in 
reality  a  controller  for  each  motor.  In  order  that  the  con- 
trollers should  function  simultaneously,  it  is  preferable  to  use 
two-pole  contactors  for  two  motors,  tliree-pole  contactors 
foi"  three  motors,  This  assures  that  all  important  circuir 

changes,  such  as  reversal  or  short-circuiting  portions  of  the 
acceleration  resistors,  shall  occur  at  the  same  time  in  each 
motor  circuit. 

Fig".  10  represents  an  interesting  example  of  unbalancing, 
not  of  current,  but  of  braking  effort.  This  represents  dia- 
graminatically  the  hoist  of  a  ladle  crane,  with  the  motors  No. 
1  and  No.  2  permanently  in  parallel  and  geared,  as  indicated, 
to  the  hoisting  drums  No.  1  and  No.  2.  Each  motor  was 
equipped  with  a  magnetic  brake,  but,  due  probably  to  un- 
equal adjustment,  one  brake  would  act  more  quickly  than  the 
other  after  the  cessation  of  current  through  its  coil.  Assume 
the  ladle  is  being  hoisted,  in  which  case  the  motors  and  drums 
would  rotate  as  indicated  by  the  arrows.  Suppose  now  that 
the  controllers  are  brought  to  the  "  off  ，，  position,  but  that 
the  brake  on  motor  No.  2  locks  the  armature  of  that  motor 
before  the  brake  on  motor  No.  1  locks  the  armature  of  its 
motor.  Tn  this  case  the  point  r  must  remain  stationary,  but 
motor  No.  1  exerts  a  force  upward  on  the  drum  No.  1  at  point 
"- This  produces  a  downward  thrust  at  the  point  h  on  drinii 
No.  2，  but  as  the  mechanism  is  rigid  in  this  direction,  drinn 
No.  2  does  not  move.    The  resiilf  is  that  drum  No.  1  tries  to 


there  is  always  a  tendency  to  lift  one  of  the  drums,  no  matter 
which  brake  locks  first,  and  no  matter  whether  the  loa^  is 
being  hoisted  or  lowered.  This  is  an  actual  difficulty  which 
has  occurred  in  several  instances,  and  I  believe  has  led  to  the 
use  of  larger  cap  bolts. 

Generally  speaking,  and  within  reasonable  limits,  the 
larger  the  motor  the  greater  will  be  the  number  of  acceleration 
contactors  employed  in  the  controller.  For  instance,  in  rapid 
reversing  controllers,  it  is  common  practice  to  employ  three 
acceleration  contactors  for  a  50  h.p.  motor  and  four  for  a 
100  h.p.  motor.  With  two  mechaiiically-connectecl  motors 
permanently  in  parallel,  the  question  arises  whether  the 
number  of  acceleration  contactors  should  be  determined  by 
the  horse-power  of  the  individual  motors  or  by  the  total  horse- 
power ； or  to  put  the  question  concretely,  should  three  or  four 
acceleration  contactors  be  employed  in  the  case  of  two  mecha- 
nically-connected 50  h.p.  motors.  Probably  the  best  way  to 
find  an  answer  to  this  question  is,  first,  to  decide,  why  we  use 
more  acceleration  contactors  with  large  motors  than  with  small 
motors.  One  reason  is  to  flatten  out  the  acceleration  curve  so 
that  the  current  peaks  will  not  be  so  large.  A  current  peak 
of  175  per  cent,  on  a  500  h.p.  motor  might  cause  serious  line 
disturbance,  wliereas  a  similar  overload  peak  of  a  25  h.p. 
would  be  negligible  as  far  as  line  disturbance  is  concerned. 
I  think  this  point  is  more  hypothetical  than  real  in  the  case  of 
the  average  motors  employed  in  a  steel  mill  as  there  is  usually 
ample  generator  and  line  capacity.  Another  consideration  is 
that  a  small  motor  generally  commutates  high  current  peaks 
better  than  a  large  motor. 

Perhaps  tli4  leading  reason  for  increasing  the  number  of 
acceleration  contactors  on  larger  Jiiotors  is  to  get  a  chai'ac- 


Fig.  15.  Fig.  16. 

Speed  Current  Curves  of  Two  25-h.p.  Sjieed  Current  Ciuves  of  Two  20-h.p., 
Series  Motors  controlled  by  arrange-  230- volt  Field  Series  Motors, 

meat  shown  in  Fig.  6. 

teristic  which  it  is  hard  to  describe  and  which  I  will  call  coii- 
trolability.  It  is  usually  satisfactory  if  a  small  motor  accele- 
rates from  rest  to  full  speed  almost  before  the  operator  is 
aware  of  it,  but  in  the  case  of  large  motors,  operating  heavy 
and  important  machines,  the  operator  must  have  more  sensi- 
tive and  responsive  control  over  the  starting  and  reversing  of 
tlie  motor.  Bearing  these  three  thoughts  in  mind,  "  seems  to  me 
the  number  of  acceleration  contactors  can  be  determined  some- 
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what  in  the  following  manner  ：  If  the  motion  is  merely  one  of 
rapid  reversal,  and  line  disturbance  】ieed  not  be  considered, 
select  the  number  of  acceleration  contactors  from  the  stand- 
point of  the  size  of  one  motor  ；  if  the  question  of  line  dis- 
turbances is  important,  or  if  you  are  concerned  with,  the  con- 
trolability  of  the  machine,  select  the  number  of  acceleration 
contactors  from  the  standpoint  of  the  total  horse-power. 

There  is  time  to  discuss  only  very  briefly  a  few  of  the  many 
changes  in  the  controller  itself  which  have  been  suggest ed  for 
the  control  of  mechanically- connected  motors  in  parallel.  Fig. 
11  represents  a  scheme  for  controlling  two  motors  with  one  set 
of  reversers  and  one  acceleration  resistor.  The  two  fields  are 
in  series  with  each  other  and  in  parallel  with  a  balancing 
resistor.  This  connection  assures  the  same  current  in  each 
of  the  series  fields,  but  there  is  no  assurance  that  the  correct 
amount  of  current  will  flow  through  the  series  fields.  In  instal- 
ling a  controller  of  this  kind  cast  grid  resistors  are  generally 
used  for  the  balancing  resistor,  having  a  cold  ohmic  resistance 
equal  to  the  cold  ohmic  resistance  of  the  two  fields  in  series. 
During  operation  the  balancing  resistor  and  the  fields  both 
become  heated,  but  the  change  in  resistance  will  probably  be 
unequal,  inasmuch  as  they  have  different  tomperature -resis- 
tance coefficients  and  probably  different  current  capacities. 
Consequently  the  series  fields  receive  considerably  more  or  less 
tlian  half  of  the  total  motor  current,  leading  respectively  t,o 
overheating  or  diminished  torque.  It  is  almost  impossible  to 
divide  tlie  current  equally,  at.  all  temperatures,  between  two 
low  resistance  paths  in  parallel. 

When  it  is  necessary  to  ensure  uninterrupted  operation  of 
a  machine  driven  by  several  motors  some  engineers  have  pre- 
ferred an  entirely  separate  controller  for  each  motor  rather 


full  torque  up  to  full  speed.  This  has  sometimes  been  con- 
sidered an  advantage  for  roller  table  service.  The  line  of 
thought  has  been  that  the  important  consideration  is  the 
reversing  and  acceleration  up  to  perhaps  half  speed,  and  that 
it  was  a  positive  advantage  if  the  motors  did  not  have  so 
much  disposition  to  race  if  allowed  to  run  in  one  direction 
for  a  considerable  period  of  time.  I  have  known  of  two  or 
three  mill  tables  where  parallel  connections  were  first  tried 
for  a  while  and  where  later  series  connections  were  substi- 
tuted. By  changing  to  series  connections  it  was  found  that 
the  motors  did  not  race  so  much  and  that  reversal  was  made 
easier.  It  was  found,  however,  that  the  table  was  slowed 
down  some,  or,  in  other  words,  did  not  have  as  large  a  capa- 
city to  move  steel.  Of  course,  with  motors  permanently  in 
series  there  is  no  danger  of  circulating  currents  or  unbalanced 
load.  The  mechanical  connection  precludes  the  possibility  of 
one  motor  reaching  high  speed  while  the  other  motor  slows 
down,  which  would  be  a  real  hazard  if  the  motors  were  free 
to  run  at  different  speeds.  Therefore,  from  an  electrical 
standpoint,  permanent  series  connections  must  be  regarded 
as  satisfactory. 

It  is  probably  pertinent  to  give  here  a  brief  discussion  of 
the  controller  for  motors  permanently  in  series.  So  far  as  its 
capacity  to  carry  current  is  concerned,  this  can  be  decided 
from  the  standpoint  of  the  size  of  one  of  the  motors.  How- 
ever, the  heating  of  the  reversing  contactors  and  the  line  con- 
tactor is  due  more  to'  the  arcing  at  the  contacts  than  to  the 
passage  of  current  when  the  contactors  are  closed.  The  heat 
developed  by  an  arc  is  largely  determined  by  the  persistence 
with  which  the  current  endeavours  to  flow  when  the  circuit 
is  opened.    It  is  the  inductive  quality  of  the  circuits  to  be 
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Fig.  17. 

Motors  of  Fig.  16  controlled  arrange- 
ment shown  in  Fig.  5. 


Fig.  18. 

Speed  Current  Curves  of  Two  30-h.p.  Series 
Motors  controlled  as  in  Fig.  9. 


Fig.  19. 

Speed  Curi'ent  Cui'ves of  Two50-h.p.  Series 
Motors  controlled  as  in  Fig.  9. 


than  the  two-pole  or  three^pole  controller  which  I  have  advo- 
cated. They  have  argued  that  in  the  event  of  an  overload, 
both  motors  were  stopped  with  the  double-pole  method  of 
control,  but  witli  separate  controllers  only  one  motor  was 
stopped.  As  a  iriodern  controller  can  be  reset  in  one  or  two 
seconds  after  operation  of  the  overload  device,  I  do  not  feel 
that  this  is  a  serious  objection.  Another  argument  has  been 
til  at  if  a  control  circuit  or  an  operating  magnet  failed  on  a 
double-pole  controller,  then  the  entire  controller  was  tempora- 
rily useless,  whereas  with  the  same  accident  with  two  entirely 
separate  controllers,  the  undamaged  controller  could  be  main- 
tained in  operation.  There  is  some  merit  to  this  contention, 
but  an  ar^ment'  against  it  is  that  there  are  just  twice  as 
many  coils  and  control  circuits  on  the  two  separate  controllers 
as  there  are  on  the  one  double-pol©  controller.  With  two  sepa- 
rate controllers  there  is  no  certainty  that  the  important  circuit 
changes  will  occur  in  each  motor  circuit  at  precisely  the  same 
lime.  There  is  danger,  therefore,  of  unbalancing  and  of 
circulating  currents,  although  it  is  true  that  these  will  exist 
for  only  a  brief  period  of  time.  They  constitute  a  menace, 
however,  which,  in  my  opinion,  should  weigh  heavier  as  a 
possible  cause  of  motor  trouble  l.haii  the  two  arguments  wliich 
J  have  mentioned  above  as  favouring  the  use  of  an  individual 
controller  for  each  motor. 

If  two  motors  are  permanently  in  series,  they,  of  course, 
require  only  the  amount  of  current  normally  demanded  by 
one  motor  of  the  same  size.  Each  motor  exerts  full  torque 
up  to  half  speed,  but  at  any  greater  speed  the  performance  of 
two  motors  permanently  in  series  is  entirely  different  from 
the  performance  of  two  motors  permanently  in  parallel.  Two 
motors  permanently  in  series  will  have  a  diminishing  torque, 
whereas  two  motors  permanently  in  parallel  can  maintain 


interrupted  which  largely  decided  the  severity  of  the  arc  at 
the  point  of  interruption.  In  the  case  of  a  series  motor,  this 
inductive  effect  is  represented  mostly  by  the  series  field,  and 
with  two  series  fields  in  series,  there  results  a  much  hotter  arc 
than  with  only  one  series  field.  Therefore,  it  is  erroneous  to 
determine  the  size  of  arcing  contactors  for  motors  perma- 
nently in  series  from  the  horse-power  rating  of  only  one  motor. 
Another  consideration  is  the  amount  of  resistors  that  must 
be  supplied.  If  two  motors  in  series  reach  full  speed,  and  are 
then  suddenly  reversed,  there  is  a  voltage  at  the  moment  of 
reversal  equal  to'  the  sum  of  the  line  voltage,  the  counter- 
electromotive  force  of  one  motor,  and  the'  counter- electro- 
motive force  of  the  other  motor.  Roughly  speaking,  this  is 
about  three  times  the  line  voltage,  which  demands  more 
resistors  for  reversal  than  in  the  case  of  one  motor. 

I  have  mentioned  the  belief  held  by  some  tliat  it  is  easier 
to  accelerate  two  motors  than  one  motor  having  a  rating  equi- 
valent to  the  sum  of  the  two  motors.  I  have  made  a  rather 
thorough  investigation  of  mill-type  motors  to  determine  in  a 
variety  of  cases  the  time  required  to  accelerate  the  armature 
from  standstill  to  rated  full  load  speed ,  supplying  the  motor 
with  the  usual  acceleration  current.  Although  in  some-  cases 
the  moment  of  inertia  of  the  armature  increases  more  rapidly 
than  the  horse-power  rating,  yet  this  is  more  than  overcome 
by  the  fact  that  the  normal  fiill-load  speed  is  less  in  the  case 
of  the  larger  motors.  I  cannot  find  any  support  of  the  theory 
that  a  small  motor  can  be  accelerated  to'  full-load  speed  uiore 
rapidly  than  a  large  motor,  assuming  in  each  case  the  usual 
acceleration  current  and  taking  account  of  the  fact  that 
the  normal  speed  of  large  motors  is  less  than  that  of  small 
motors. 

I  am    able  to  present  a  number  of  current  curves  of  two 
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nieohani<*ally-connected  motors  permanently  in  parallel  ； 
these  records  were  uuidi^  by  a  double-recording  ammeter  buili 
specifically  for  this  investigation  and  capable  of  indicating 
graphically  the  simultaneous  variations  of  current  in  two 
entirely  separate  circuits.  So  far  as  I  know  they  are  the  first 
curves  of  this  kind  whicli  have  been  made.  Each  fig^ui'e  shows 
the  current  changes  in  the  two  different  motors,  and  for 
brevity  1  shall  refer  to  them  as  the  top  and  bottom  motors, 
meaning  thereby  the  motors  the  curves  of  which  are  shown 
respectively  at  the  top  and  bottom  of  the  figures. 

Fig.  12  represents  two  25  h.p.,  230-volt  series  motors 
operating  the  bridge  motion  of  a  crane  having  a  116ft.  span. 
The  controller  is  identical  with  that  shown  in  Fig.  5  ；  in  other 
words,  there  is  one  set  of  reversers,  one  acceleration  resistor, 
one  set  of  acceleration  contactors.  The  fields  are  perma- 
nently in  parallel,  and  the  armatures  are  pennanently  in 
parallel.  To  our  surprise  we  found  that  the  current  in  the 
top  motor  rose  to  200  amperes,  whereas  the  current  in  the 
bottom  motor  actually  reversed  and  reached  a  value  of  80 
amperes.  The  bottom  motor,  therefore,  was  acting  as  a 
generator  and  was  retarding  the  motion  of  the  crane-  to  the 
extent  of  20  h.p.  In  other  words,  one  motor  alone-  would 
drive  this  crane  faster  than  the  two  motors  in  parallel.  It 
was  surmised  that  this  condition  was  due  ix>  unequal  currents 
flowing  through  the  series  fields,  and  the  instrument  was  con- 
nected to  measure  the  currents  in  the  series  fields. 

The  results  of  this  investigation  are  shown  in  Fig.  13, 
from  which  it  can  be  seen  that  the  series  field  current  in  the 
bottom  motor  is  about  50  per  cent,  larger  tliaii  that  in  the  top 
motor.  To  correct  this  unbalancing,  additional  resistance  was 
placed  in  series  with  the  field  taking  the  largest  current, 
making  the  division  of  current  as  nearly  equal  as  it  was  possi- 
ble to  do  with  the  means  at  hand.  Fig.  14  shows  the  motor 
currents  after  the  fields  had  been  equalised.  One  motor  takes 
about  60  amperes  running  current  and  the  other  about  40 
amperes,  but  by  comparison  with  the  conditions  shown  in  Fig. 
12,  the  installation  could  be  regarded  as  fairly  satisfactory. 
The  current,  at  least,  flows  in  the  same  direction  in  each 
motor.  Fig.  16  relates  to  two  20  h.p.,  230-volt  series  motors 
driving  another  machine.  The  controller  was  the  same  type 
that  was  used  in  the  previous  test.  When  acceleration  was 
completed,  the  top  motor  took  90  amperes,  whereas  a  small 
current  of  about  5  amperes  passed  through  the  bottom  motor 
in  the  reverse  direction.  This  particular  machine  has  been 
running  in  this  way  for  two  or  three  years,  and  if  anyone  had 
remonstrated  about  this  type  of  control,  probably  the  answer 
would  have  been  that  inasmuch  as  it  continued  to  run,  it  was 
all  right.  Within  the  last  few  months,  however,  the  motors 
have  given  serious  trouble,  and  it  will  soon  be  necessary  to 
replace  them.  The  point  which  I  wish  to  emphasize  is  that 
these  two  motors  would  have  had  a  liberal  surplus  of  capacity 
had  they  been  controlled  in  a  correct  manner.  They  were 
originally  inade  larger  than  seemed  strictly  necessary  in  order 
to  provide  just  this  capacity  for  emergency,  but  due  to  the 
poor  method  of  control,  one  of  the  motors  was  made  to  take 
so  much  current  that  there  was  no  safety  margin  left.  In 
other  words,  if  one  of  two  motors  takes  much  the  larger  share 
of  current,  no  doubt  your  conservatism  in  selecting  motor 
sizes  will  enable  this  equipment  to  operate  for  some  time,  but 
you  have  removed  that  emergency  capacity  which  you 
intended  to  have  and  which  would  undoubtedly  have  resulted 
in  ] onger  life  and  fewer  interruptions  to  service. 

Fig.  15  relates  to  two  25  h.p.  series  motors  regulated  by  a 
controller  of  the  type  shown  in  Fig.  6  ；  in  other  words  there 
are  individual  reversers  for  each  motor,  one  acceleration 
resistor,  one  set  of  acceleration  contactors,  and  each  series 
field  is  connected  to  its  armature.  I  pointed  out  previously 
that  this  type  of  control  is  satisfactory  for  acceleration  from 
standstill,  but  at  the  moment  of  reversal  heavy  circulating 
currents  come  into  existence.  Fig.  15  is  a  striking  confirma- 
tion of  this  theory.  The  acceleration  is  satisfactory,  but  at 
reversal  the  bottom  motor  reverses  the  polarity  of  the  top 
motor  and  a  circulating  current  of  at  least  500  amperes  flows 
through  the  two  motors  in  series.  There  is  a  peculiar  dimi- 
nishing of  this  current  shown  on  the  curves  with  a  subsequent 
re-establishment  of  a  somewhat  smaller  circulating  current. 
I  am  unable  to  explain  this,  but  it  may  be  due  to  surges  or 
it  may  be  that  the  operator  pulled  the  master  switch  to  the 
"off"  position  and  then  threw  it  back  again.  This  does  not 
matter,  however,  the  important  point  being  the  existence  of 


the  heavy  circulating  currents.  An  aUenipt'  was  made  to 
correct  this  diniculty  l)y  connecting  an  equaliser  fro  in  the 
j unci  ion  of  the  series  field  and  annalure  of  the  top  motor  to 
the  junction  of  the  series  field  and  armature  of  the  l>ottorM 
motor.  This  was  merely  a  reversion  to  the  type  of  controller 
shown  in  Fig.  5,  with  the  fields  permanently  in  parallel  and 
the  armatures  ])errnaiieiitly  in  parallel.  The  danger  of  circu- 
lating currents  on  reversal  was  removed,  but  the  division  of 
load  was  not  good,  tho  results  being  indicated  in  Fig.  17. 

Figs.  18  and  19  show  the  operation  of  what  1  consider 
the  correct  method  of  control.  The  connections  are  those  of 
Fig.  9,  which  include  for  each  motor  individual  reversers,  an 
acceleration  resistor,  and  a  set  of  acceleration  contactors.  The 
controller  is  made  up  of  two-pole  contactors  throughout,  one 
pole  of  each  contactor  being  in  one  motor  circuit  and  the 
other  pole  being  in  the  other  motor  circuit.  Fig.  18  shows 
the  acceleration  of  two  30  h.p.  series  motors.  Fig.  19  shows 
the  acceleration  and  reversal  of  two  50  h.p.  series  motors. 
There  is  little  comment  to  be  made  on  these  curves  except  to 
say  that  they  are  all  right.  The  currents  during  acceleration, 
reversal,  and  during  normal  running  are  almost  the  same  in 
each,  circuit  ；  each  motor  is  doing  its  fair  share  of  the  work, 
the  only  uneven  division  of  load  being  due  to'  imperfections 
in  the  motors  themselves. 


METHOD  OF  REPAIRING  OPEN-HEARTH  REGENERATIVE 
FURNACES  WHILST  IN  WORK. 

A  PATENT  recently  granted  to  the  Clyde  Furnace  Company, 
Ltd.,  116，  Hope  Street,  Glasgow,  relates  to  the  repair  of 
blocks  of  regenerative  open-hearth  furnaces  whilst  the  furnace 
is  working,  the  object  being  to  provide,  in  conjunction  with 
the  centre,  means  whereby  the  plastic  material  may  be  sup- 
ported at  the  front  whilst  in  the  plastic  state  and  until  it  has 
properly  set  and  hardened.  A  steel  or  iron  plate  is  employed, 
which  is  let  into  a  slot  or  cross-cut  at  the  top  of  the  centre. 


Ftg.  1.  Fig.  2. 

Method  of  Repairing  Open-hkarth  Regenerative  Furnaces.  ^ 


The  slot  is  made  before  the  centre  is  inserted  into  the  furnace, 
and  the  plate  is  inserted  into  the  slot  after  the  centre  is  in 
position  in  the  furnace.  Fig.  1  is  a  vertical  section  of  part 
of  a  furnace,  yhowing  the  centre  as  provided  with  retain- 
ing plate  for  supporting  the  plastic  material  at  the  front 
thereof,  and  Fig.  2  is  an  internal  view  of  part  of  the  fur- 
nace, showing  the  centre  with  its  retaining  plate  in  eleva- 
tion. A  is  the  furnace,  B  a  furnace  door,  C  the  working  bed 
or  hearth,  D  the  air  port,  E  a  gas  port,  and  H  the  centre. 
The  centre  H，  which  is  made  of  metal,  has  an  inclined  slot  Iv 
made  in  it,  and  into  this  slot  a  retaining  plate  L  is  inserted. 
As  will  be  seen  this  plate  lies  at  a  suitable  angle  (usually  the 
angle  of  the  face  of  the  block),  and  forms  a  support  for  the 
plastic  material  M，  which  is  filled  in  at  the  back  thereof  and 
on  top  of  the  centre.  By  the  time  both  tlie  centre  and  the 
plate  are  burned  away  the  refractory  plastic  material  has 
solidified  and  is  left  in  position.  The  plate  L  is  furnished  with 
a  hole  N  for  purposes  of  manipulation. 


Fatal  Boiler  Tube  Failure. 一 According  to  (Power,  one 
of  the  second  bottom  tubes  in  a  500  h.p.  water-tube  boiler  at 
the  Fisk  Street  Station  of  the  Conimoiiwealtli  Edison  Com- 
pany recently  burst  while  carrying  full  load.  Four  men  were 
scalded  seriously,  one  who  was  working  the  fire  at  the  time 
succumbing  to  his  injuries  a  few  hours  later.  The  boiler  was 
one  of  a  battery  serving  a  12,000  kw.  turbo- generator.  The 
unit  had  been  placed  back  in  service  only  about  six  hours 
before  the  accident,  after  having  been  shut  down  for  its 
annual  overhauling. 
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THE  ECONOMIC  OUTLOOK  AND  THE  LABOUR  PROBLEM.* 

BY  F.  、V.  LANCHESTER. 

There  are  many  who  will  deny  that  life  is  any  easier  toda〉 
than  it  has  ever  been  ；  in  fact  prior  to  the  war  it  was  the 
fashion  to  speak  of  the  strain  and  stress  of  modern  life  and 
the  hard  conditions  which  the  modem  worker  has  to  face,  as 
if  for  centuries  things  had  been  going  from  bad  to  worse  in 
that  respect.  I  will  take  one  example  as  bearing  on  this  point 
as  food  for  thought,  a  21bs.  loaf  of  bread,  and  I  will  take  it  at 
its  present  war  price,  say,  6d.  At  this  value  a  loaf  of  bread 
represents  an  hour's  labour  for  a  poorly-paid  artisan,  it 
represents  half  an  hour's  labour  for  a  well-paid  artisan,  it- 
represents  10 mill,  or  a  quarter  of  an  hour  s  labour  for  many 
a  present-day  skilled  worker  in  munitions  factories,  it  repre- 
sents about  two  or  three  hours'  work  for  a  woman  employed 
on  what  I  believe  it  is  the  custom  to  term  "  sweated  labour."' 

A  plough  is  an  engineering  implement,  a  windmill  is  an 
engineering  appliance  ;  we  m ay  accept  both,  we  will  not  go 
back  ill  our  comparison  to  archaic  times.  Where  is  the  super- 
man  who  could  dig  sufficient  land,  sow  sufficient  corn,  cut  it 
with  the  old  sickle,  thresh  it  with  the  old  flail,  mill  it,  and  go 
through  the  whole  process  of  leavening  and  baking  by  the 
appliances  of  but  a  century  ago  and  produce  loaves  at  the 
rate  of  one  per  lOmin.  or  quarter  of  an  hour  ？  Where  is  the 
ordinary  man  who  could  produce  loaves  under  these  condi- 
tins  at  the  rate  of  half  an  hour  labour  each,  and  where  is 
the  community  who,  even  with  the  comparatively  modern 
appliances  granted,  could  produce  their  daily  bread  at  the 
rate  stated,  and  at  the  same  time  carry  on  a  great  fight  for 
their  existence  ？  When  we  consider  that  the  war  price  of 
the  loaf  above  stated  is  double  the  normal  price,  which  repre- 
sents only  about  one  and  a  half  hour's  work  of  the  soealled 
sweated  woman  employe  of  an  East  End  clothing  factory,  we 
realise  what  the  engineer  of  the  past,  coupled  with  the  trade 
organisation  which  his  work  has  rendered  possible,  has  done 
for  humanity,  and  we  realise  how  ill-informed  and  how  mere- 
tricious is  the  cry  of  the  stress  of  modern  life.  It  is  not  as 
if  the  conditions  applied  to  the  loaf  alone,  but  almost  every 
other  necessity  of  life  has  been  similarly  cheapened.  The 
time  of  labour  which  it  takes  to  support  per  head  of  popula- 
tion at  the  present  day  for  a  given  standard  of  living  for  the 
necessities  of  life,  and  even  including  what  may  be  legiti- 
mately termed  luxuries,  has  been  lower  during  the  last  50 
years  than  it  has  ever  been  in  recorded  history. 

The  truth  is  that  attempts  have  been  made  by  the  natural 
ambition  of  the  human  being  and  the  well-meant  efforts  of 
social  reformers  to  push  up  the  standard  of  living  faster  than 
the  means  available,  and  this  has  been  accentuated  by  the 
false  views  on  matters  of  economics  which  have  been  held,  or 
at  least  advanced,  by  the  leaders  of  trades  unions  and  by  one 
at  least  of  our  great  political  parties.  This  advance  in  the 
standard  of  living  is,  to  a  certain  extent,  legitimate,  and 
wholly  to  be  coininended  ；  but  it  is，  unfortunately,  to'  a  great 
extent,  competitive.  The  dissatisfaction  of  Jones  is  not  so 
much  because  his  health  or  that  of  his  family  is  suffering  from 
shortage  of  food  or  other  necessities  of  life  ；  it  is  not  so  much 
because  he  cannot  have  his  little  luxuries  and  amusements 
from  time  to  time,  or  that  he  cannot  afford  an  annual  holiday 
spent  by  the  sea  ；  it  is  not  because  Mrs.  Jones  or  the  little 
Joneses  are  not  adequately  clothed  from  a  hygienic  stand- 
point. It  is  because  the  Smith  family,  his  neighbours,  in  all 
these  things  are  just  a  little  better  off  than  himself,  and  this 
applies  from  the  highest>but-one  rank  of  society  down  to  the 
chimney-sweeper.  Beyond  this  the  social  reformer,  who  often 
lias  lived  a  life  of  comparative  ease  and  affluence,  wishes  to 
impose  on  others  conditions  which  become'  too  great  a  strain 
and  burden  on  the  collective  resources  of  the  community. 

Now  it  is  the  opinion  of  nearly  every  employer  of  labour 
with  whom  I  have  had  the  privilege  of  consulting  that  the 
standards  of  living  at  present  existing  and  embarked  upon 
are  economically  possible  for  the  various  classes  concerned, 
provided  that  the  worker  does  not  cut  down  his  hours  per 
week  and  co  operates  loyally  witli  the  employer  in  producing 
the  niaximum  output  for  every  hour's  work.  I  have  also 
heard  the  opinion  expressed,  and  that  in  very  well-informed 
circles,  that  the  labour  leaders  after  the  object-lesson  of  the 
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war  ill  the  cutting  down  of  costs  and  increase  of  output,' 
realise  fully  that  the  old  restriction  of  output  policy  was  a 
mistake  and  detrimental  to  their  best  interests  ；  and,  further, 
that  no  question  will  ever  arise  again  of  restricting  output  as 
part  of  a  trades  union  policy.  Let  us  hope  in  the  interests  of 
the  rank  and  file  of  labour  and  of  the  whole  country  that  this 
is  so. 

I  have  had  no  personal  contact  with  the  leaders  of  the 
men's  organisations  myself,  and  I  confess  to  being  nob  too 
sanguine  as  to  the  future.  Even  if  the  facts  are  as  stated 
so  far  as  the  leaders  are  concerned,  it  is  by  no  means  certain 
that  the  men  will  follow.  Let  us  study  the  facts,  firstly  the 
economic  facts,  and  then  the  facts  of  past  history.  The  funda- 
mental fact  from  an  economic  standpoint  is  that  if  one  man 
were,  like  Robinson  Crusoe,  alone  on  a  desert  island  he  would 
be  able  to  consume  what  he  produces  and  what  he  can  per- 
suade nature  to  help  him  in  producing,  no  more.  If  two  men 
were  on  the  desert  island  they  likewise  could  consume  what 
they  jointly  produce  and  no  more  ；  so  with  three  men  and  four 
men.  Without  doubt  the  greater  the  number  of  men  (within 
the  limits  of  acreage)  the  more  individually  they  may  con- 
sume, because  by  dividing  up  the  work  they  would  be  able  in 
some  small  degree  to  increase  their  power  of  production  ；  but 
whether  one,  or  four,  or  a  dozen,  they  would  be  continually 
alive  to  the  fact  that  the  longer  hours  they  work  and  the 
harder  they  work  the  greater  would  be  the  product  of  indus- 
try and  the  better  would  be  their  standard  of  living.  There 
would  be  no  illusions  on  this  subject,  and  if  one  of  our  clap- 
trap orators  were  to  be  dropped  amongst  them  to  tell  them 
they  would  be  far  better  off  if  they  would  work  shorter  hours 
and  restrict  their  output,  he  would  be  received  with,  well- 
merited  derision.  Yet  the  same  fundamental  facts  apply  no 
less  forcibly  to  an  actual  community  whatever  its  size  may  be. 
The  total  consumption,  and  consequently  the  individual  stan- 
dard of  living,  is  finally  limited  by  the  total  production,  and 
can  only  be  diminished,  and  never  increased,  by  restrictions 
on  output. 

Now  let  us  examine  the  means  by  which  production  can 
be  augmented,  that  is  to  say,  how  the  output  of  labour  may 
be  increased.  There  are  two  main  agents ― (1)  Knowledge,  (2) 
Implements.  工 i】 the  primitive  community  Ave  see  the  value 
of  knowledge  in  all  the  crafts  and  devices  of  primitive  nations, 
methods  of  making  fire,  methods  of  trapping  animals,  &c. 
Alongside  of  this,  knowledge  enters  into  the  methods  of 
making  and  using  their  rudimentary  implements,  &c.  There 
is  Jio  real  distinction  in  this  respect  between  the  primi- 
tive community  and  the  most  highly  civilised,  the  two  factors 
are  still  knowledge  and  implements,  the  difference  is  quanti- 
tative rathei"  than  qualitative.  An  advance  in  knowledge 
alone  may  be  a  means  of  increasing  the  output  per  hour  of 
labour.  Under  the  broad  heading  implements  I  include  for  the 
present  purpose  everything  from  the  roof  over  our  heads  and 
the  cloths  that  we  wear,  to  the  agricultural  and  industrial  ma- 
chinery which  we  operate,  and  the  nets  in  which  we  catch  fish. 
The  engineer  is  in  a  sense  an  apostle  of  knowledge  and  a 
designer  of  implements.  His  business  in  life  is  to  seize  on 
knowledge,  incidentally  he  may  add  to  the  sum  of  knowledge 
and  apply  same  to  the  sum  and  total  improvements  of  imple- 
ments. 

Now  the  product  of  the  engineer,  implements,  is  (apart 
from  the  direct  application  of  knowledge)  the  great  means  by 
which  the  product  of  an  hour's  labour  may  be  increased.  Thus 
a  man  with  a  pointed  stick  can  prepare  a  certain  area  of  soil 
for  sowing  in  an  hour,  but  a  man  with  a  spade  can  prepare  a 
greater  area,  and  a  man  with  a  plough  a  greater  area  still. 
Similarly  in  the  problem  of  transport  a  man  can  carry  a 
certain  load  on  his  back,  he  can  carry  a  greater  load  on  a 
wheelbarrow,  and  a  greater  load  still  with  a  motor  lorry.  All 
this  looks  like  platitude,  but  we  have  to  remember  that  if  it  is 
platitude,  then  Mie  British  working  man's  folly  must  be 
accepted  as  self-evident,  for  as  long  as  the  history  of  manufac- 
ture goes  back  he  has  strenuously  opposed  the  introduction  of 
new  and  better  implements.  We  know  how  long  his  opposi- 
tion was  felt  in  the  cotton  spinning  and  weaving  industries  ； 
and  we  hear  of  this  kind  of  opposition  again  at  the  time  of  the 
great  engineering  lock-out  in  the  nineties  ；  even  to-day  prior  to 
the  war  the  old  difficulties  were  cropping  up  as  to  whether  the 
trades  unions  would  allow  one  man  to  work  more  than  one 
machine,  although  the  said  machines  were  designed  almost  to 
work  themselves  ！     Also  the  artificial  restrictions  of  output 
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siu'li  as  were  in  full  force  both  openly  and  otherwise  at  the 
titne  of  the  outbreak  of  war  were  a  dim't  negation  to  the 
whole  principle  on  wliicli  t ho  iiit roilucl ion  of  labom'-saviiig 
inachinery  is  based. 

But  we  can  go  still  deeper  into  the  iiiaiter.  Iinplenieiits 
of  any  kind  cannot  be  created— they  have  to  be  made  ；  and 
every  iiuplement  represents  in  its  manufacture  a  certain 
amount  of  unrequited  labour.  There  is  ilie  (Hreci  labour,  the 
work  of  tlie  artisan  and  the  unskilled  labourer  in  producing 
and  assembling  the  parts,  and  the  labour  (once  removed)  in 
the  value  of  the  material.  There  is  behind  thai  the  work  of 
an  engineering  staff  applying  existing  knowledge  to  the  best 
advantage,  namely,  as  in  the  design  of  the  implement  and  the 
study  of  its  economic  production.  There  is  also  the  labour  of 
the  men  who  are  responsible  for,  and  who  form,  the  organisa- 
tion. These  latter  are  commonly  included  as  dead  charges/' 
but  the  sun)  and  total  of  the  labour  is  represented  according 
to  the  standard  of  coinage  of  the  country  as  some  certain  sum 
of  money,  just  as  the  weight  of  the  machine  is  represented  by 
a  certain  number  of  arbitrary  units  of  mass.  In  other  words, 
the  value  in  £  s.  d.  is  a  measure  in  arbitrary  units  of  labour. 
The  labour  required  for  supplying  the  community  as  a  whole, 
/.':，  the  nation,  with  implements  during  any  period  has  to  be 
deducted  from  the  sum  and  total  of  labour  over  the  period 
concerned.'^ 

Thus  the  implements  of  a  self-contained  community  are  de- 
finitely the  savings  of  the  community  over  the  period  during 
which  they  are  produced,  and  when  we  hear  that  the  accumu- 
lated wealth  of  the  United  Kingdom  has  increased 
£10,000,000,000  sterling  in  the  last  half  century,  that 
£10,000,000,000  sterling  is  visible  around  us,  it  is  in  the  main 
what  anyone  who  has  lived  long  enough  to  take  stock  of 
things  for  half  a  century  may  see,  in  the  growth  of  the  "  im- 
plements " by  which  the  product  of  labour  is  enhanced  and 
by  which  the  comfort  and  standard  of  living  have  been 
augmented. 

There  are  many  who  would  be  inclined  to  question  the 
need  for  the  continual  change  and  advance  which  may  be 
almost  described  as  the  spirit  of  the  times  ；  doubtless  there  are 
strong  arguments  which  could  be  urged  against  the  too  rapid 
change  of  enviroumeut  of  the  race,  for  that  is  one  unqiies- 
lionable  consequence.  A  great  many  of  our  bodily  ills,  and 
certainly  many  of  our  social  evils,  are  clearly  attributable 
to  this  rapid  oliangei  in  environment  and  corresponding 
changes  in  the  conditions  of  life  and  mode  of  living.  How- 
ever, in  the  face  of  facts,  opposition  is  futile  ；  a  State  or 
nation  which  does  not  keep  abreast  of  the  times  ceases  to  be  in 
a  position  to  offer  proper  protection  or  support  to  its  citizens. 
Such  is  the  teaching  of  history.  It  is  useless  to  question  the 
policy  of  advance  in  industrial  matlers.  One  lesson  of  the 
present  war  is  the  comparative  impotence  of  a  nation  whose 
industries  are  not  in  a  flourishing  condition.  The  strength  of 
Britain  to-day,  and  the  strength  of  our  most  redoubtable 
enemy,  Germany,  lies  as  much  in  the  industrial  strength  of 
the  respective  countries  as  in  the  military  prowess  of  the  men 
in  the  field.  Thus,  apart  from  the  nece^isary  peace-time  ex- 
penditure in  arms  and  armament  and  the  maintenance  of  an 
Army  and  Navy,  a  State  must  devote  a  large  proportion  of 
the  product  of  its  labour  to  the  increasing  of  its  accumulated 
savings,  or  capital,  or  sooner  or  later  it  will  fall. 

It  has  ever  been  one  of  the  obstacles  to  the  improvement 
in  the  position  of  the  artisan  and  other  manual  workers  in 
this  country  that  his  savings  as  a  class  relatively  to  the 
nation's  needs  are  small.  Enquiry  made  of  some  of  our  big 
industrial  firms  as  to  the  position,  even  now  during  war  tiine， 
with  wages  at  an  abnormally  high  level,  is  disappointing. 
Under  encouragement  of  every  kind,  with'  an  automatic 
savings  scheme,  including  a  bank  on  the  premises,  the  savings 
do  not  amount  to  more  than  about  5  per  cent,  of  the  total 
wages  ；  and  if  this  is  the  case  under  present  conditions  with 
the  patriotic  incentive,  one  realises  that  under  norma]  condi- 
tions the  proportion  is  lower.  It  is,  in  fact,  far  lower.  There 
are  many  who  would  suggest  at  once  that  if  you  want  a  man 
to  save  more,  you  must  give  him  more  ；  but  unfortunately 
human  experience  does  not  bear  out  this  view.  Even  the 
working  man's  organisations,  the  big  trades  unions ，-  have  no 
permanent  capacity  for  saving  ；  it  is  true  that  the  funds  fre^ 

*  Here  we  strike  once  again  one  of  Hie  fallacies  of  the  working  man's  advocat(， ； 
he  wii !i tH  to  know  wliv  in  Ihv.  name  of  justice  the  working  man  cannot  consume  (in 
equivalent)  all  tliat  lie  jiroduces. 


(juently  rise  steadily  over  a  long  period  and  ！ nay  run  into  six 
(imires,  but  it  is  almost  possible  to  jjreclicl  when  labour 
t  roubles  are  due  from  I  his  very  accuniulalioii  ol"  wealt  h. 
Wlieu  tlie  am ount  of  the  funds  in  pounds  slerliiig  reachew  the 
miinber  of  men  multiplied  by  five,  it  is  almost  certain  there 
will  be  trouble.  One  might  term  that  figure  the  strike  point. 
I  have  talked  wit.li  men  on  the  subject,  and  I  have  heard 
many  views  expressed  by  the  working  man.  ilis  feeling  is 
1  hat.  the  iiHvney  of  his  tracles  union  invested  in  ordinary 
securities,  such  as  railways,  bonds,  &c,，  is  doing  nathiiig  ；  in 
other  words,  the  interest  wliich  is  accruing  is  not  considered 
a  commensurate  return  for  the  self-denial  which  it  has 
required  to  accumulate  the  fund.  Neither  can  we  look  to  the 
Goveriuneiit  as  a  source  of  saving,  since  no  rtiodeni  Goveni- 
Tiient  has  shown  any  capacity  in  that  directioii,  whether  demo- 
cratic or  autocratic  ；  the  National  Del)!  invarial)ly  exceeds 
the  State's  productive  assets. 

According  to  present-  experience,  then,  the  saving 
power  which  is  essential  to  the  welfare  of  the  State  belongs 
to  a  minority.  It  is  not  an  unchangeable  minority ― in  other 
words,  a  hereditary  financial  group  or  an  oligarchy ― since  it 
is  continualiy  being  recruited  from  the  ranks  ；  any  indus- 
trious man  who  likes  to  join  does  join.  In  spite  of  this  the 
change  and  renewal  is  gradual  and  slow  ；  it  may  be  broadly 
stated  as  an  axiom  that  the  man  who  saves  is  the  man  who 
has  saved,  and  consequently  the'  main  savings  of  the  country 
will  be  derived  from  its  trade  and  industrial  dividends  and 
other  revenues  from  investment  ；  hence,  broadly,  the  saving- 
power  of  a  country  will  be  a  measure  of  its  dividend-earning 
power. 

The  manner  in  which  in  the  past  organised  labour  has  set 
itself  against  efficiency  in  production  in  face  of  the  fact  that 
restricted  production  is  an  obvious  economic  fallacy,  denotes 
something  more  than  is  apparent  on  the  face  of  it.  The  views 
have  been  so  stubbornly  held  in  the  past  that,  in  spite  of 
piece-work  and  of  various  forms  of  bonus  system,  even  worked 
on  a  broad-minded  and  liberal  basis,  deli])erate  restriction  is 
still  continued.  A  typical  instance  came  under  niy  notice  just 
prior  to  the  war,  A  certain  article  had  been  produced  in  a 
works  ill  which  a  bonus  system  was  iti  force  on  a  turret  lathe 
with  a  well-devised  outfit  of  tools  ；  but  the  cost  was'  persis- 
tently too  high.  There  was  bonus  to  be  made  by  lowering  the 
price,  but  batch  after  batch  went  through,  sometimes  in  one 
shop  and  sometimes  in  another,  but  no  impi'oveaneiit  was 
secured.  That  same  job  went,  by  accident,  owing  to  pressure 
of  work,  into  the  tool-room ,  and  a  batch  was  put  through  hy 
a  tool-maker  on  an  ordinary  engineer's  lathe,  with  an  actual 
saving  of  money.  Such  cases  are  by  no  means  unconimon. 
Here  the  work  of  the  industrial  engineer  has  been  entirely 
negatived  by  the  systematic  and  organised  restriction  of  out- 
put, in  spite  of  every  attempt  at  encouragement. 

With  the  existence  of  tlie  country  at  stake,  if  we  may  say 
so,  and  with  a  special  Ministry  created  to  stimulate  and  con- 
trol product/on,  these  conditions  have  been  largely  overcome  ； 
and  to-day,  without,  question,  a  large  majority  of  skilled  and 
semi-skilled  labour  in  this  country  is  doing  its  loyal  best  to 
produce  as  much  as  possible.  If  this  state  of  things  can  be 
perpetuated  after  the  war  there  is  hope  that,  not  only  can  the 
pre-war  standard  of  living  be  maintained  (in  spite  of  the  need 
for  an  increase  in  the  annual  expenditure  as  due  to  obliga- 
tions contracted  during  the  war),  but  it  may  perhaps  be 
improved.  We  may  possibly  even  have  a  bigger  margin  than 
ever  before,  after  allowing  for  the  payment  of  both  interest 
and  sinking  fund  on  the  National  Debt  with  which  we  shall 
then  be  saddled.  The  whole  question  is  whether  organised 
labour  can  be  persuaded  to  take  the  view  which  its  own  inte- 
rest, as  well  as  that  of  the  State,  requires. 

I  confess  that  the  outlook  a p {Dears  not.  too  hopeful.  Every 
concession  hitherto  obtained  from  organised  labour  has  been 
under  a  Government  pledge  that,  the  old  conditions  will  be 
restored  after  the  war.  This  fact  alone  shows  clearly  that 
labour  as  a  whole  has  not  yet  learnt  its  lesson.  But  one  is 
credibly  assured  that  both  members  of  the  Government  and 
the  men's  leaders  realise  the  importance  of  continuing  the 
accelerated  production  after  the  war  as  during  it.  Assuming 
this  to  be  true,  it  is  by  no  means  certain  that  the  difficulties 
are  at  an.  end.  We  have  seen  again  and  again  the  men's 
leaders  enter  into  an  agreement  which  the  men  themselves 
will  not  honour,  and  it  is  difficult  not  to  believe-  that  (unless 
the  men  themselves  are  brought  to  see  the  necessity  of  what 
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the  future  demands)  they  will  feel,  if  the  Government  and 
their  leaders  do  not  carry  out  the  pledge  to  restore  the  old 
conditions,  that  t hey  have  been  in  some  way  tricked  or 
imposed  upon.  Considering  that  the  position  of  the  leader 
depends  almost  from  day  to  day  upon  the  su])port  he  receives 
from  the  rank  and  file,  I  cannot  but  feel  that  the  future  is 
by  no  means  assured. 

It  is  clear  beyond  the  need  for  argument  that  if  the  atti- 
tude of  labour  in  this  respect  is  unsatisfactory,  nothing  that 
it  is  huraauly  possible  for  the  employer  to  do  can  prevent 
serious  dislocation.  When  all  is  said  and  done,  the  em- 
ployer, be  he  an  individual,  or  managing  director,  or 
general  manager  (acting  under  a  board  of  directors),  is, 
111  his  function  of  regulating  wages,  a  "  pressure  centre " 
on  which  a  number  of  forces  operate.  He  has  to  inanu- 
facture  some  commodity  and  sell  it.  When  he  can  add  up  his 
costs  of  various  kinds,  and  they  come  within  the  price  at 
which  he  can  sell  his  output,  he  can  conduct  business.  The 
claims  of  the  shareholder  are  the  last  to  be  met.  Provided 
that  the  employer  pay  his  men,  and  pay  for  his  materials,  and 
his  rent,  rates  and  taxes,  gas,  water,  &c.,  and  his  office  and 
technical  staff,  he  can  sell  the  goods.  If  there  is  no  margin, 
the  shareholder  is  the  first  man  to  suffer.  But,  broadly  speak- 
ing, the  shareholder  must  be  paid  like  everybody  else  ；  on 
him  the  existence  of  the  company  depends,  for,  if  he  is  not 
paid,  the  particular  company  may  find  itself  at  any  time  in 
financial  difficulties  ；  it  is  unable  to  raise  money  if  the  con- 
ditions of  trade  necessitate  a  heavy  expenditure  in  mainte^- 
nance  or  an  increase  of  capital.  But,  beyond  this,  the  exis- 
tence of  an  undue  number  of  industrial  concerns  in  the 
country  paying  no  dividends  makes  investors  shy  ("  Once 
bitten,  twice  shy  ，')，  and  home  industrial  investments  become 
unpopular  ；  it  becomes  impossible  to  find  further  capital,  and 
employment  stagnates.  Thus,  as  a  general  fact  throughout 
the  country,  the  shareholder  must  be  paid.  Suppose  that 
labour  demands  a  higher  rate  of  pay.  Let  the  employer  grant 
the  higher  rate,  he  has  at  once  to  put  the  cost  of  manufacture 
up  and  to  ask  a  higher  price  ；  the  whole  thing  is  quite  auto- 
matic, and  so  the  manual  worker  (to-day  the  biggest  con- 
sumer for  many  commodities)  having  obtained  higher  wages, 
finds  that  he  has  to  pay  a  correspondingly  higher  price  for 
his  goods.    That  is  the  working  of  the  economic  law  in  detail. 

Here  it  may  be  pointed  out  that  if,  broadly,  throughout 
the  country,  the  hours  and  the  intensity  of  labour  remain  the 
same,  but  by  demands  on  the  employer  the  wages  are  put  up 
all  round,  the  automatic  effect  is  that  the  cost  of  living  goes 
up  roughly  in  proportion  and  the  conditions  remain  just  as 
before ~~ cheques  carry  higher  figures  than  previously,  and  the 
coinage  circulates  a  little  more  rapidly,  with  no  net  benefit 
to  anybody,  and  equally  with  no  fundamental  economic  loss. 
When,  however,  the  demand  of  organised  labour  takes  the  form 
of  a  reduction  in  hours,  without  any  compensating  increase  in 
the  intensity  of  labour,  then  the  standard  of  living  must  go 
down,  that  is  to  say,  below  what  it  would  have  been  otherwise, 
for  since  the  output  per  man  is  less  the  consumption  per  man 
must  be  less.  You  cannot  eat  yoixr  pudding  if  you  don't  majke 
it ― a  variant  of  an  old  proverb.  A  reduction  in  hours  may 
be  compensated  by  an  increase  in  the  percentage  of  workers, 
such  as  when  women  enter  the  factories  in  greater  numbers, 
the  standard  of  living  being  thus  maintained,  but  such  recruit- 
ing of  industrial  labour  in  this  way  cannot  be  carried  beyond 
a  certain  point  without  detriment  to  the  health  and  welfare 
of  the  State.  Already  many  of  those  who  look  ahead  see 
national  danger  in  this  very  cause ~ our  vital  statistics  already 
give  some  indication.  The  danger  of  artificially  limiting  the 
hours  of  men's  labour,  as  tending  to  throw  upon  women  the 
onus  of  becoming  breadwinners  to  an  extent  prejudicial  to 
the  national  welfare,  should  he  borne  constantly  in  mind  by 
statesmen  and  economists.  The  shortening  of  hours  may  be 
more  le^timately  compensated  for,  as  already  stated,  by  in- 
creased intensity  of  labour :  it  will  probably  always  be  a 
question  of  debate  what  is  exactly  the  best  number  of  hours 
to  be  worked  in  each  difTerent  trade  from  the  point  of  view 
of  economic  production. 

(To  he  continued.) 


FUEL  INJECTOR  FOR  OIL  ENGINES. 

The  accompanying  sectional  view  shows  a  design  of  fuel  injec- 
tor for  internal-combustion  engines,  the  invention  of  Mr. 
Edward  Gardner,  Barton  Hall  Engine  Works,  Patricroft, 
Manchester,  of  the  type  which  delivers  two  fuels,  one  a  readily- 
ignitable  fuel  for  ignition  purposes,  and  the  other  a  less 
leadily-ignitable  fuel  for  power  purposes,  the  former  fuel 
being  delivered  slightly  in  advance  of  the  latter.     An  inlet 

port  A  for  the  ignition  fuel 
is  provided  in  the  injector 
body.  The  injector  control 
valve  C  is  provided  with  a 
fuel  passage  D,  co-axial 
therethrough,  which  receives 
its  fuel  supply  from  the  inlet 
port  by  way  of  a  peripheral 
groove  E  around  the  piston 
portion  F  of  the  valve  stem, 
and  which  delivers  its  fuel 
into  the  valve  seating  ring 
G  through  a  plurality  of 
radial  downwardly -inclined 
passages  H,  terminating  on 
the  inlet  side  of  the  valve 
seat.  The  upper  surface 
Fuel  Injector  fob  Oil  Engines.  of  the  valve  seating  G 
tapers  sharply  downwards  as  shown,  so  that  when  the  valve 
is  opened  by  the  fuel  pressure  in  the  ordinary  manner,  the 
downwardly-projected  ignition  fuel  jet  or  jets  coming  from 
the  valve  will  issue  into  the  ring  and  be  directed  towards  the 
apertures  B  leading  to  the  tangential  grooves,  whereby  the 
fuel  is  given  a  swirling  motion  as  it  issues  from  the  aperture 
J.  The  arrangement  of  the  ignition  fuel  passage  D  ensures 
that  such  fuel  issues  the  first  from  the'  injector  without  being 
dispersed  into  the  injector  body,  where  it  may  become  mixed 
with  the  power  fuel  entering  by  the  port  K.  The  ignition 
fuel  is  thus  more  efficiently  utilised  than  heretofore,  with  a 
resulting  economy  in  tlie  consumption  of  such  fuel. 


The  Minister  of  Munitions  has  appointed  a  Committee 
under  the  chairmanship  of  Mr.  C.  W.  Fielding,  to  advise  him 
upon  the  steps  which  can  be  taken  to  secure  the  most  econo- 
mical use  of  the  metals  required  in  the  manufacture  of  muni- 
tions of  war. 


DESIGN  OF  SUBMARINES.* 

BY  CAPTAIN  W.  L.  RODGERS,  U.S.N. 

Some  years  ago  I  was  president  of  the  Naval  War  College,  and 
ever  since  I  have  given  attention  to  the  strategic  and  tactical 
fields  of  work  which  are  open  to  submarines  in  naval  warfare. 
A  sketch  of  these  fields  and  a  consideration  of  possible  modi- 
fications and  variations  in  design  of  submarines  to  meet  the 
requirements  of  warfare  seem  to  me  to  offer  interest  to  naval 
architects,  and  it  is  along  these  lines  that  this  paper  will  be 
developed.  In  thus  discussing  the  subject,  it  must  be  borne  in 
mind  that  while  the  constructional  and  engineering  possibili- 
ties of  design  are  pretty  well  known,  and  form  a  stock  of 
knowledge  common  to  designers  of  all  nations,  nevertheless 
the  application  of  this  stock  of  knowledge  to  the  production 
of  concrete  designs  suitable  to  the  national  policy  and  geogra- 
phic situation  of  particular  nations  will  result  in  types  of 
ships  which  will  differ  much  according  to  nationality. 

The  purpose  of  this  paper  will  be  first  to  examine  the 
peculiar  military  characteristics  of  submarines  in  general  and 
compare  them  with  those  of  other  types  of  combatant  ships  ； 
second,  to  consider  how  these  general  characteristics  will  influ- 
ence or  control  the  employment  of  submarines  in  war  ；  and, 
finally,  what  particular  types  of  submarines  seem  best  suited 
to  American  needs. 

Submarines  are  armed  with  torpedoes  and  with  guns. 
Owing  to  the  great  percentage  of  the  displacement  which  is 
necessarily  devoted  to  the  heavy  hulls  and  very  heavy  machi- 
nery installation,  the  speed  of  submarines  is  much  less  tlian 
that  practicable  for  surface  craft  of  the  same  size.  Conse- 

*  Paper  read  before  the  American  Society  of  Naval  Architects  and  Marine 
Engineers,  November,  1916. 
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(|iuMi(Iv  submarines,  unlike  torjunlo  boats  aiul  other  fast  cral't, 
t ainiot  relv  on  their  sjhhhI  as  a  means  of  safety.  For  the  sub- 
marine the  chiof  means  of  (l(M'(、u('e  is  provided  by  her  siibmer- 
sibility  and  consequent  invisibility.  Fiirtlier,  the  great  weit^lit. 
of  storage  batteries  forbids  giving  submarines  more  than  a 
small  radius  of  action  wlien  submerged.  The  submarine  ob- 
tains information  only  when  able  to  see ― at  tlie  surface.  She 
can  navigate  freely,  and  recharge  her  storage  batteries  only 
when  running  the  oil  engines  at  the  surface.  These  are 
the  chief  peculiarities  which  a  fleet  the  combatant  powers  of 
submarines.  They  affect  alike  those  submarines  which  are 
armed  with  torpedoes  and  those  of  that  other  type,  the  fruit 
of  the  current  war,  which  are  designed  as  mine  layers.  Bear- 
ing these  peculiarities  in  mind,  we  may  proceed  to  consider  the 
general  principles  which  these  qualities  require  a  captain  to 
observe  in  the  employment  of  a  submarine  under  his  command. 

In  regard  to  the  torpedo,  a  peculiarity  exists  which  differen- 
tiates its  use  very  much  from  that  of  the  gun.  The  initial 
velocity  of  a  projectile  from  a  high-power  gun  is  3,000ft.  per 
second.  The  speed  of  the  fastest  ship  is  not  over  60ft.  per 
second.  As  these  two  velocities  are  in  the  ratio  of  50  to  1  a 
ship  cannot  escape  from  a  projectile  fired  at  lier.  The  greatest 
velocity  of  an  automobile  torpedo  seldom  exceeds  about  40 
miles  an  hour,  and  this  only  for  moderate  ranges.  By  reduc- 
ing the  speed  to  30  miles  or  less  an  hour  the  compressed  air  in 
the  flask  can  drive  the  torpedo  further,  but  such  speeds  are  of 
the  same  order  of  magnitude  as  those  of  the  target  ship. 
Consequently,  the  direction  and  speed  in  which  the  target  ship 
is  moving  are  most  important  elements  in  deciding  when  she 
is  within  range.  Consider,  for  instance,  a  30-k not  torpedo 
capable  of  running  10,000  yards.  If  fired  at  a  ship  approach- 
ing' at  the  rate  of  20  knots  there  is  a  chance  of  hitting  if  fired 
at  a  distance  of  over  16,600  yards,  whereas  if  the  target  is 
withdrawing  at  20  knots  the  torpedo  will  exhaust  its  motive 
power  and  stop  before  overtaking  the  target  if  fired  from  any 
range  above  3,300  yards. 

When  submerged  the  submarine  itself  also  is  limited  both 
in  speed  and  radius ― 12  miles  at  most  at  10  or  12  knots,  100 
miles,  more  or  less,  at  5  or  6  knots.  Thus  when  submerged  the 
submarine's  area  of  action  resembles  that  of  the  torpedo  which 
it  carries  as  its  chief  weapon.  It  an  not  chase  to  advantage 
when  submerged.  We  cannot  give  a  submarine  the  highest 
surface  speed  because  of  the  heavily  built  hull  and  the  heavy 
storage  batteries.  Such  surface  speed  as  we  are  able  to  confer 
oil  a  submarine  is  inadequate  for  the  tactical  requirements  of 
battle.  It  may  enable  a  submarine  to  assume  a  favourable 
position  for  submerging  ahead  of  an  approaching  enemy,  but 
it  cannot  be  great  enough  to  be  satisfactory  in  the  tactical 
approach,  as  is  the  case  with  the  torpedo  boat  at  30  knots, 
which  relies  upon  her  great  speed  as  a  means  of  protection 
"when  charging  upon  the  enemy.  As  the  submarine  when  sub- 
merged cannot  hope  to  overtake  its  target  it  must  lie  in  wait 
for  the  target  to  come  to  it. 

Thus  limited  to  moderate  surface  speed  and  low  submerged 
speed,  and  unable  to  increase  weight  by  the  addition  of 
armour,  the  submarine  is  obliged  to  rely  upon  her  faculty  for 
concealment  as  her  chief  means  for  employing  her  weapon, 
whether  mine  or  torpedo.  But  concealment  entails  disadvan- 
tages. In  hiding  herself  slie  becomes  blind,  and  if  by  the 
adoption  of  the  periscope  she  lias  recovered  partial  sight,  she 
has  sacrificed  a  corresponding  measure  of  invisibility.  Before 
concealing  herself  to  attack,  the  submarine  first  must  sight 
her  enemy  in  order  to  direct  her  attack.  To  accomplish  this 
to  best  advantage  she  must  rise  and  search  the  horizon  with 
natural  vision.  Unfortunately  when  so  doing  she  cannot 
promptly  submerge,  and  is  therefore  liable  to  surprise  attack. 
The  submarine's  difficulty  in  seeing  has  consequences  wliich 
extend  beyond  the  individual  ship.  In  warfare  there  is  a 
combatant  advantage  in  superior  numbers  which  is  greater 
than  the  numerical  ratio  of  the  hostile  forces  (as  may  be 
mathematically  shown).  For  this  reason  it  has  always  been 
reckoned  a  great  point,  both  ashore  and  afloat,  to  bring 
superior  forces  to  engage  simultaneously  upon  the  field  of 
battle.  But  the  submarine's  imperfect  vision  occasions  danger 
of  interfering  with  friends  when  large  submarine  forces  are 
concentrated  for  simultaneous  concerted  action,  such  as  does 
not  occur  in  the  assemblage  of  any  type  of  surface  craft.  Thus 
tlie  submarine  is  not  only  an  arm  to  be  used  by  stealth,  but 


its  most  favourable  opportunities  ()('(""•  in  dispei'scd  and  soli- 
tary action  ratlier  lliaii  in  concentrated  and  <*o-(jr(linated 
action. 

Ila\  iiii^  I  luis  glanced  al  the  olVciisi'/c  ii lul  tU? tensive  cajjubi ii 
ties  of  submarines,  we  may  now  t  nni  io  the  means  of  parrying 
their  attack  and  of  overcoming  it.  Until  the  outbreak  of  tlie 
current  great  war  there  seemed  to  be  no  adequate  defence 
against  submarine  attack,  but  necessity  is  the  mother  of  inven- 
tion in  tactics  as  well  as  in  material,  and  there  is  less  to  fear 
f I'oni  tiie  submarine  now  than  at  tlie  outbreak  of  the  war. 
The  great  slii])s  which  the  submarine  would  most  gladly  meet 
iind  their  best  protection  is  rapid  motion  ；  for  the  slow  sub- 
marine, seeing  imperfectly,  is  discoiiceited  by  swift  movement, 
in  ore  especially  if  this  is  accompanied  by  frequent  alterations  in 
direction.  But  ships  cannot  be  always  on  the  move,  and  it  is 
necessary  to  provide  both  passive  defence  and  active  counter- 
attack against  submarines.  For  harbours  and  certain  sea 
areas  the  passive  defence  is  furnished  by  wire  nets,  whose 
meshes  are  of  a  -size  suitable  for  catching  submarines,  while 
the  counter-attack  is  made  by  thousands  of  swiit  patrol  boats 
whose  business  is  to  destroy  the  submaritie  or  force  him  down 
again  whenever  he  comes  to  the  surface  for  infoniiation  or  for 
air  to  start  his  engines  and  to  recharge  his  batteries. 

The  success  of  these  measures  against  submarines  is  undeni- 
able. At  the  beginning  of  the  war  German  good  fortune  with 
submarines  promised  tlie  most  important  results,  but  as  the 
war  drew  on  the  efficacy  of  submarine  warfare  diminished  as 
methods  of  reply  to  it  developed.  It  is  now  an  important  arm, 
but  not  the  supreme  one.  By  a  line  of  a  priori  reasoning  the 
general  broad  conclusion  to  be  drawn  from  this  survey  is  that 
the  submarine  is  essentially  a  defensive  arm,  whose  use  as  an 
offensive  ai  m,  although  practicable,  yet  partakes  somewhat  of 
the  nature  of  a  tour  Je  force. 

After  this  brief  review  of  the  general  qualities  of  sub- 
marines and  the  probabilities  open  to  them,  we  are  ready  to 
take  up  the  consideration  of  the  particular  types  of  submarines 
best  suited  for  American  use.  Preliminary  to  this  examina- 
tion it  will  be  desirable  to  summarise  the  accomplishments  of 
the  submarine  under  the  conditions  imposed  by  the  relative 
situations  of  the  present  belligerents. 

The  early  performances  of  German  submarines  caused  them 
to  stand  very  high  in  popular  estimation,  but  they  have  not 
yet  been  able  wholly  to  justify  the  expectations  they  first 
aroused.  The  efforts  of  Germany  to  wrest  the  control  of  the 
sea  from  the  grasp  of  Great  Britain  and  her  Allies  called  for 
the  exertion  of  the  highest  type  of  offensive  war  :  but,  as  we 
have  already  seen,  the  submarine,  in  its  essential  nature,  is  the 
defensive  weapon  of  the  weak.  It  met  with  a  temporary 
success,  first  in  the  North  Sea  and  later  in  the  Mediterranean, 
wliich  in  each  case  lasted  only  until  the  Entente  Allies  had 
time  to  prepare  counter  measures.  At  tlie  opening  of  tlie  war 
British  ships  ac^vanced  boldly  to  tlie  German  side  of  the  North 
Sea  and  manoeuvred  there  at  slow  speeds.  The  hostile  sub- 
marines took  advantage  of  their  opportunity,  and  the  British 
forces  withdrew  from  the  vicinity  of  the  German  coast.  Great 
Britain  then  developed  the  net  defence  of  her  ports  and  of 
the  cross-channel  routes  to  France,  as  well  as  the  counter- 
attack against  hostile  submarines  and  mine-layers  by  the 
patrol  flotillas,  of  whose  work  such  an  excellent  idea  is  given 
in  Kipling's  "Fringes  of  the  Fleet."  After  six  months  of 
warfare  the  Germans  began  their  submarine  attack  upon  com- 
merce. The  strategic  features  of  this  phase  of  the  war  need 
our  consideration. 

German  submarines  were  charged  with  the  aggressive  task 
of  destroying  commerce,  but  owing  to  their  essentially  defen- 
sive nature  they  were  obliged  to  lie  in  wait  in  positions  where 
shipping  would  come  to  them.  The  favourite  area  was  that 
between  tlie  south  of  Ireland  and  the  western  entrance  of  the 
English  cliannel,  since  nearly  all  British  foreign  commerce 
naturally  took  that  way.  But  as  the  Straits  of  Dover  were 
protected  by  nettings  the  Germans  were  obliged  to  pass  around 
the  North  of  Scotland  to  reach  their  station,  a  distance  of 
about  1,200  miles.  Once  there,  it  was  necessary  to  lie  on 
station  some  clays  in  order  that  the  time  at  work  might  be  in 
reasonable  proportion  to  tlie  time  needed  to  make  the  trip  and 
return.  Thus,  as  a  matter  of  logistic  economy,  the  submarine 
employed  on  this  service  required  a  large  radius  of  action, 
wliich  entailed  a  considerable  size ― about  800  tons.    Our  atteu- 
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tion  has  been  particularly  centred  on  these  large  craft  because 
their  deeds  attracted  most  notice,  but  they  are  not  the  only 
ones  em  ployed.  We  have  every  reason  to  believe  that,  where 
submarines  are  needed  for  their  proper  defensive  role  to  pro- 
tect the  German  coasts,  much  smaller  ones  are  used.  Simi- 
larly, the  English ― who  have  the  mastery  of  the  sea,  yet  need 
submarines  to  aid  in  the  protection  of  their  ports  against 
sudden  raids ― make  use  of  small  ones.  So  far  as  we  know, 
submarines  have  accomplished  little  or  nothing  during  the 
current  war  when  acting  in  company  with  the  main  fleets.  At 
the  Battle  of  Jutland  last  May  they  seem  to  have  been  absent 
or  ineffective. 

The  evidence  of  the  present  war  as  to  submarines  may  be 
summarised  by  saying  that  on  both  sides  they  have  obtained  a 
degree  of  success  in  defence,  to  the  extent  of  forbidding  the 
approach  of  the  main  fleets  of  both  sides  to  hostile  coasts.  In 
this  successful  coast  defence  ,  submarines  have  been  greatly 
aided  by  mines. 

The  use  of  submarines  for  the  purpose  of  strategic  attack 
has  been  less  successful,  although  Germany's  attack,  in  par- 
ticular, has  arrested  niucli  attention.  The  submarine  strategic 
attack  lias  been  chiefly  directed  against  commerce,  by  the 
British  and  Russians  in  the  Baltic  Sea  against  German  trade 
with  Sweden,  and  by  the  Germans  at  the  entrance  to  the 
English  Channel  against  the  ocean  trade  of  France  and  Great 
Britain.  While  this  destruction  of  commerce  has  been  serious, 
it  lias  not  led  to  conclusive  results,  although  the  narrow  waters 
in  which  this  contest  has  taken  place  have  been  favourable  to 
the  efforts  of  submarines  because  commerce  has  been  obliged  to 
cross  the  areas  infested  by  them. 

In  estimating  the  value  of  submarines  in  the  current  war 
we  must  not  attribute  the  present  shortage  of  commercial 
shipping  wholly  to  the  deeds  of  submarines.  In  the  order  of 
their  importance  the  factors  in  this  shortage  seem  to  be:  First, 
the  great  military  and  naval  demands  made  upon  commercial 
shipping  :  second,  the  internment  at  home  or  abroad  of  all  or 
nearly  all  shipping  of  the  Central  Powers  ;  third,  the  delays 
imposed  upon  Allied  shipping  by  the  patrol  and  mine-sweeping 
services,  which  have  adopted  a  retard atory  but  necessary 
administrative  system  for  the  protection  of  ships  passing 
through  dangerous  areas  :  fourth,  the  actual  loss  of  shipping 
caused  by  submarines,  which  seems  to  have  been  about  3  per 
cent,  a  year,  more  or  less,  nearly  the  same  the  English  mer- 
chant service  encountered  without  serious  consequences  in  the 
Napoleonic  wars. 

The  foregoing  discussion  has  had  the  objective  of  placing  us 
in  a  position  to  consider  what  type  of  submarine  will  best  suit 
the  requirements  of  our  own  navy,  and  this  we  shall  now  pro- 
ceed to  do.  The  geographic  situation  of  the  United  States, 
with  a  very  extended  coast-line,  much  of  which  is  remote  from 
possible  enemies  and  borders  great  oceans,  is  very  different 
from  that  of  the  present  combatants,  who  are  separated  by 
comparatively  narrow  waters  and  confront  each  other  at  rela- 
tively short  ranges.  As  we  have  seen,  the  submarine  is  essen- 
tially a  defensive  arm.  It  finds  least  opportunity  when  it 
meets  its  enemy  in  the  open  sea  with  full  freedom  for 
manoeuvre.  On  the  contrary,  the  submarine  is  favoured  when 
its  enemy  approaches  a  hostile  shore,  where  his  freedom  of 
manceuvre  is  hampered  by  the  proximity  of  the  coast  and  his 
advantage  of  speed  is  thereby  partially  counterbalanced. 
Therefore  it  does  not  seem  desirable  that  our  navy  should 
attempt  to  establish  a  defensive  cordon  of  submarines  far 
from  our  coasts  in  mid-ocean.  For  a  line  held  there  will  be 
long  ；  its  distance  from  shore  will  require  much  time  to  arrive 
at  and  return  from  station,  necessitating  excessive  numbers  of 
ships.  The  enemy  has  no  objective  in  mid-ocean  and  will  not 
wait  there.  If  be  is  attacked  in  that  neighbourhood  by  sub- 
marines, lie  has  tlie  advantage  of  full  op])ortunity  to  manoeuvre 
freely  at  high  speed.  On  the  other  hand,  our  submarines  will 
gain  on  every  one  of  the  above-mentioned  points  if  they  are 
used  for  local  coast  defence  and  do  not  go  far  off  shore,  say, 
not  more  than  a  day's  run.  They  may  well  expect  to  main- 
tain a  strip  of  coastal  waters  fairly  free  from  the  enemy  and 
available  for  coast  navigation,  as  do  tlie  En^lisli  at  tlie  present 
time.  Til  us  the  size  and  type  of  coast-defence  submarine  of 
about  500  tons  now  favoured  by  our  Navy  Department  seems 
the  proper  and  logical  one  for  American  use.  Tt  is  true  that 
it  is  a  Miudi  larger  type  of  submarine  which  lias  obtained  most 


Press  notice  in  the  current  war,  but  that  is  because  tlie  require- 
ments of  the  situation  were  such  that  the  areas  best  suited  to 
the  operations  of  German  submarines  were  far  from  German 
bases.  We  do  u  ot  foresee  any  stragetic  reasons  that  will 
require  our  submarines  to  operate  so  far  from  home. 
American  coast  defence  does  not  appear  to  require  the  largest 
type  of  submarines.  Nevertheless,  the  Appropriation  Act  of 
this  year  calls  for  three  of  a  large  size  (800  tons),  wliich  will 
prove  instructive  and  useful  as  experimental  boats  even  if 
they  prove  to  be  larger  and  more  expensive  than  necessary. 
There  is  a  great  desire  on  the  part  of  every  navy  to  provide 
sub  marines  capable  of  accompanying  tlie  fleet  and  taking  part 
ill  general  actions.  For  such  a  purpose  a  second  type  of  sub- 
marine is  necessary. 

Such  a  craft  will  be  away  from  its  base  for  a  longer  time 
than  coast-defence  submarines,  and  must,  therefore,  have  a 
larger  crew  and  better  quarters.  Tactically,  also,  its  require- 
ments must  be  quite  different.  As  was  earlier  pointed  out  in 
this  paper,  an  automobile  torpedo  has  a  greater  virtual  range 
when  it  is  fired  to  meet  an  approaching  target  than  when  it  is 
fired  to  overtake  a  retreating  target.  Consequently  an  ideal 
torpedo  boat,  whether  of  tlie  surface  type  or  of  the  submarine 
type,  should  have  superior  speed  to  that  of  its  probable 
opponent  in  order  that,  however  the  latter  turns,  the  torpedo 
boat  may  assume  an  advantageous  position  ahead  of  the 
enemy  before  closing  to  discharge  the  torpedo.  But  this  is  a 
difficult  condition  to  satisfy  with  a  fleet  submarine.  The 
standard  speed  of  battleships  reached  21  knots  some  years  ago, 
and  is  now  on  the  rise  once  more.  At  present  23  knots  may  be 
regarded  as  the  normal  speed  for  foreign  battle-ships  of  the 
most  recent  design,  and  our  navy  should  not  lag  behind  others 
in  this  respect.  An  ideal  fleet  submarine  should  have  both 
surface  and  submerged  speeds  not  less  than  25  knots,  and 
a  submerged  radius  of  at  least  two  hours  at  maxi- 
mum speed.  Unfortunately,  we  cannot  get  a  quart  into  a  pint 
pot,  nor  is  such  an  ideal  fleet  submarine  practicable.  No 
submarine  even  of  as  large  size  as  1,200  tons  or  1,500  tons, 
can  get  sufficiently  powerful  machinery  into  her  ；  first,  because 
her  hull  weight  must  be  great  to  withstand  submergence,  and, 
second,  because  she  must  be  provided  with  two  heavy  systems 
of  motive  power,  in  place  of  one  lighter  one,  sucli  as  surface 
craft  have. 

In  the  present  state  of  engineering  we  shall  therefore  be 
obliged  to  content  ourselves  with  a  surface  speed  approaching 
the  cruising  speed  of  the  fleet  under  war  conditions,  or  about 
20  knots.  The  submerged  speed  and  radius  must  be  very 
moderate  :  sufficient  only  to  serve  as  a  means  of  passive  defence 
by  concealment,  but  not  enough  for  aggressive  manoeuvring 
while  submerged.  The  mechanical  limitations  thus  imposed 
upon  fleet  submarines  restrict  very  greatly  the  tactical  freedom 
of  the  commander-in-chief  who  attempts  to  utilise  submarines 
in  a  general  engagement.  Other  component  elements  of  the 
fleet  are  all  capable  of  acting  in  mutual  support  of  each  other 
in  aggressive  attack  upon  the  enemy.  The  fleet  submarine, 
limited  as  it  is  in  speed,  is  incapable  of  sucli  co-operative  attack 
with  other  types,  for  it  cannot  force  itself  into  the  fight.  The 
commander  who  seriously  relies  upon  his  fleet  submarines  in 
a  general  action  must  place  liiniself  upon  the  strategic  defen- 
sive and  so  restrict  his  freedom  of  manoeuvre  as  to  make  it  a 
chief  objective  to  draw  the  enemy  within  the  pre-established 
area  of  the  submarines.  It  is  clear  that  such  a  limitation  is 
a  severe  handicap.  It  is,  nevertheless,  desirable  that  our  fleet 
should  be  accompanied  by  submarines  for  use  when  oppor- 
tunity serves.  Those  now  building  are  abreast  of  present 
possibilities,  but  should  be  improved  and  developed  in 
succeeding  years  as  engineering  progress  dictates.  The  chief 
distinguishing  characteristics  for  them  are  high  surface  speed 
with  adequate  surface  endurance  and  liabitability.  High 
submerged  speed  and  great  submerged  radius  are  compara- 
tively secondary  affairs  unless  most  radical  improvements  are 
brought  about  in  the  methods  of  submerged  propulsion,  so 
that  high  submerged  mobility  may  be  obtained  without  undue 
sacrifice  of  surface  mobility. 

The  conclusion  to  be  drawn  from  this  study  is  that  the 
Navy  Department  has  made  a  judicious  decision  in  the  com- 
bination of  military  characteristics  which  it  has  embodied  in 
its  latest  designs  of  submarines  for  service  with  the  fleet  as 
well  as  for  coast  defence. 
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PROMOTION  OF  BRITISH  TRADE  IN  FOREIGN  COUNTRIES. 

The  Federation  of  British  Industries,  which  comprises  a  large 
number  of  influential  associat  ions,  firms,  and  individuals,  liave 
liad  under  consideration  the  circumstances  which  will  affect 
British  foreign  trade  on  the  oonchision  of  peace  and  the  pre- 
parations necessary  to  meet  the  new  situation,  and  have 
favoured  us  with  a  copy  of  the  recommendations  which  they 
have  drawn  up  for  the  development  of  the  Government  service 
for  the  promotion  of  British  trade  in  foreign  countries.  It 
appears  inevitable  tliat  economic  conditions  after  the  war,  and 
more  particularly  those  wliich  will  exist  in  belligerent  coun- 
tries, will  greatly  increase  the  severity  of  the  competition  in 
foreign  markets  at  the  very  time  that  the  necessity  of  meeting 
the  heavy  charges  consequent  upon  war  ex pencliture  will 
render  it  a  vital  necessity  for  British  productions  to  secure  a 
greatly  increased  sale  in  such  markets.  This  situation  will 
involve  a  great  increase  of  effort  upon  the  part  of  all  persons, 
organisations,  and  individuals  concerned  with  the  industry 
and  commerce  of  the  country  ；  but,  above  all,  a  very  heavy 
responsibility  will  be  thrown  upon  the  Government  Commer- 
cial Service,  and,  in  particular,  upon  the  departments  and 
services  charged  with  the  promotion  of  foreign  trade  and  with 
the  collection  and  distribution  of  foreign  commercial  intel- 
ligence. The  Federation  are  convinced  that  these  responsi- 
bilities will  be  of  such  a  nature  that  the  duties,  character,  and 
scope  of  these  departments  and  services  will  require  radical 
re-organisation  and  a  very  considerable  extension.  They  fully 
realise,  however,  that  it  is  not  within  the  power  of  any  com- 
mittee to  lay  down  detail  reforms,  and  they  have  therefore 
confined  themselves  to  suggesting  certain  broad  principles 
which  ill  their  opinion  are  essential  to  any  successful  re- 
organisation. The  following  is  a  summary  of  their  recom- 
mendations ： —— 

That  all  the  activities  undertaken  by  the  Government  in 
connection  with  the  promotion  of  British  trade  in  foreign 
countries  should  be  concentrated  in  a  single  department,  and 
that  this  department  must  be  tlie  Foreign  Office. 

That  the  commercial  duties  of  the  Foreign  Office  and 
foreign  services  should  include  :  (c/)  The  direction  of  all  ser- 
vices abroad,  (b)  The  collection  and  distribution  of  all  indus- 
trial, financial,  and  commercial  information  relating  to  foreign 
countries,  (c)  The  prompt  and  vigorous  support  of  all  British 
efforts  to  secure  contracts,  concessions,  or  orders,  (d)  Advice 
to  the  department  in  charge  of  industrial  and  commercial 
affairs  on  all  questions  in  the  United  Kingdom  which  may 
affect  foreign  trade,  (e)  Advice  to  His  Majesty's  Government 
as  to  the  conditions  on  which  they  should  permit  the  issue  of 
foreign  loans  in  the  United  Kingdom. 

That  really  efficient  machinery  should  be  established  to 
co-ordinate  the  work  of  the  Foreign  Office  and  of  the  depart- 
ment in  charge  of  industrial  and  comniercial  affairs. 

That  in  order  to  enable  the  Foreign  Office  and  foreign  ser- 
vices to  undertake  the  re^orgaiiisation  and  expansion  necessary 
to  the  efficient  discharge  of  the  functions  enumerated  above  : 
A  large  increase  should  be  made  in  the  funds  placed  at  their 
disposal. 

That  the  re-orgaiiisation  of  the  Foreign  Office  and  foreign 
services  should  be  on  the  following  lines. 

Foreign  Office. ~ ■  (i.)  The  establishment  of  a  large  coinirier- 
cial  branch,  with  the  provision  of  extra  staff  and  accommoda- 
tion on  a  generous  scale,  (ii.)  This  branch  to  be  in  the  closest 
possible  touch  with  the  industrial  and  commercial  community, 
(cz)  By  frequent  personal  interviews,  {h)  By  personal  visits 
to  industrial  centres,  (c)  By  the  appointment  of  small  com- 
mittees, composed  of  representatives  of  the  firms  most  actively 
interested,  to  advise  the  various  sections  of  the  commercial 
branch  on  matters  connected  with  tlie  countries  with  which 
they  deal,  and  to  offer  suggestions  and  criticism,  (d)  By  tlie 
appointment  of  a  central  committee,  on  which  prominent 
members  of  the  industrial  and  commercial  community  should 
form  an  important  element,  to  perform  the  same  advisory  and 
critical  functions  for  Government  departments  generally. 

The  Diplomatic  Service, —— (i.)  Increase  of  staff  to  enable 
sufficient,  time  to  be  devoted  to  the  study  of  industrial  and 
commercial  questions,  (ii.)  Insistence  that  commercial  work 
forms  a  most  important  part  of  the  duties  of  the  service,  and 


Utat  a  certain  period  (luring  an  ofTW'er'H  service  in  earli  grade 
should  be  devoted  es])ecially  to  this  work  as  an  essential 
(lualification  for  promotion. 

The  (Jomme.rcial  A  itacht  Srrvivr, ― Tliis  should  be  replaced 
by  the  appointment  of  officers  of  high  rank,  to  be  known  as 
Commercial  Counsellors,  to  each  Embassy  or  Legation,  to  be 
ill  sole  charge,  under  the  Minister  or  Ambassador,  of  all  com- 
mercial work  in  the  country.  These  officers  to  be  given  one  or 
more  assistants,  and  rank,  emoluments,  and  position  sec-oiid 
only  to  that  of  the  Minister  or  Ambassador,  and  to  be  regarded 
as  regular  members  of  the  diplomatic  service. 

The  (Jo/tstfI(/r  Service, —— (i.)  The  comniercial  work  of  this 
service  to  be  subject  to  the  direction  of  the  Commercial  Coun- 
sellors, (ii.)  A  large  increase  in  the  numbers  of  the  regular 
service,  (iii.)  A  redistribution  of  posts  to  correspond  with 
commercial  needs,  (iv.)  Reduction  to  a  minimum  of  the  posts 
held  by  unpaid  Consuls,  (v.)  Provision  of  sufficient  clerical 
and  other  assistance  to  enable  consular  officers  to  devote  the 
bulk  of  their  time  to  commercial  work.  (vi.)  Provision  of 
adequate  local  and  travelling  allowances. 

All  Services. ~ -(i.)  Only  natural  born  British  subjects  to  be 
eligible  for  appointment  to  any  post,  paid  or  unpaid,  (ii.)  The 
introduction  of  a  small  number  of  men  with  practical  business 
experience  especially  into  the  comniercial  branch  of  the 
Foreign  Office  and  the  Commercial  Counsellor  service,  (iii.) 
The  establishment  of  a  definite  and  high  standard  of  efficiency 
which  must  be  reached  by  all  officers  at  different  stages  of 
their  career. 

This  standard  to  be  administered  by  a  Promotion  Board 
with  power  to  postpone  the  promotion  of  any  officer  who  does 
not  reach  the  standard,  to  demand  the  resignation  of  any 
officer  who  falls  far  short  of  it,  and  to  grant  a  pension  com- 
mensurate with  past  services  to  any  officer  wliose  resignation 
is  demanded. 

Traininr/. —— Should  be  based  upon  a  preliminary  test  of 
general  ability  and  of  a  sound  general  education,  to  be  fol- 
lowed after  appointment  by  a  special  course  in  elementary 
economics,  commercial  method,  and  two  or  more  foreign 
languages.  Training  should  be  completed  by  actual  experi- 
ence of  the  work  of  the  service,  supplemented  by  frequent 
opportunities  of  visiting  industrial  centres  and  of  acquiring 
practical  knowledge  of  industrial  and  commercial  questions. 

Experts. —— A  large  number  of  technical  and  commercial 
experts  should  be  selected  and  sent,  wlien  required,  to  investi- 
gate and  report  upon  industrial  and  commercial  conditions 
and  opportunities  in  particular  countries  and  particular 
markets.  Ample  funds  should  be  provided  to  enable  the  best 
possible  advice  to  be  obtained,  and  these  investigations  to  be 
made  with  sufficient  frequency  and  thoroughness. 


EXPERIMENTS  ON  EARTH  PRESSURES. 

At  a  meeting  of  the  Institution  of  Civil  Engineers,  held  on 
December  5th，  a  paper  on  the  above  subject  was  read  by  Mr. 
P.  M.  Crosthwaite,  B.A.I.,  M.Inst.C.E.  The  paper  com- 
mences with  a  short  account  of  Rankine's  theory  of  earth 
pressure,  and  the  principles  and  assumption  on  wliich  it  is 
founded.  Descriptions  of  former  investigations  are  given  in 
some  detail,  viz.,  those  of  the  late  Sir  George  Darwin,  and 
Messrs.  Godrich,  Wilson,  Bell,  and  Meem.  The  author  con- 
cludes that  of  the  experiments  made  by  these  investigators  to 
investigate  the  lateral  pressure  of  earth,  those  in  which  model 
walls  were  used  are  of  greatest  value,  but  points  out  that  if 
models  are  of  any  size  the  experimental  difficulties  are  almost 
insuperable. 

The  author's  experiments,  a  number  of  which  are  described 
and  illustrated  in  the  paper,  were  made  by  loading  a  plunger 
with  known  weights  and  measuring  the  penetration  when  the 
plunger  had  come  to  rest  after  tlie  application  of  each  weight, 
Tlie  materials  were  enclosed  in  an  open  bucket,  and  their 
weight  was  determined.  With  those  data  the  value  of  <p, 
the  angle  of  internal  friction,  can  be  obtained  from  Rankine's 
well-known  formula  for  the  safe  depth  of  foundations — 

P/1  sin.0\2 
TFM+sin.0'' 

when  d  denotes  the  penetration  ；  P  tlie  pressure  in  pounds  per 
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square  foot :  and  II'  the  weight  of  the  material  in  pounds  per 
cubic  foot. 

If  the  formula  is  true,  and  the  pressures  be  plotted  against 
the  penetrations,  the  resulting  curve  is  a  straight  line,  and 
0  as  calculated  from  the  formula  should  equal  the  angle  of 
repose.  With  sand,  garden  earth,  and  cinders  and  ashes  the 
resulting  curves  are  straight  lines,  but  it  was  found  that  the 
value  of  <p  varied  with  the  state  of  aggregation  of  the  material, 
i.e"  whether  it  was  lightly  poured  into  tlie  bucket,  shaken  in, 
or  well  pounded  in.  When  the  material  was  deposited  in  the 
bucket  as  lightly  as  possible  the  angle  of  internal  friction  was 
the  same  as  the  angle  of  repose,  but  with  more  consolidation 
the  angle  was  much  greater. 

From  these  materials  the  author  concludes  that  Rankine's 
theory  holds,  provided  the  proper  angle  of  internal  friction  is 
used  and  not  the  angle  of  repose.  If,  however,  this  angle  is 
used  it  would  be  necessary  to  introduce  a  factor  of  safety  into 
the  formula,  for  a  wall  designed  without  one  would  be 
theoretically  just  strong  enough  and  no  more.  In  Rankine's 
formula  there  is  no  factor  of  safety,  and  it  is  concluded  that 
Rankiiie  saw  this,  and  used  the  angle  of  repose  as  covering  the 
worst  conditions  that  need  possibly  be  provided  for.  The 
author's  experiments  phow  that,  for  the  materials  tested,  work 
designed  by  Rankine's  formula,  using  the  angle  of  repose, 
would  have  a  factor  of  safety  of  2i  to  4，  and  he  considers 
that  these  are  not  unreasonable  figures  for  such  materials. 

The  experiments  on  clay  give  altogether  different  results, 
for  instead  of  the  penetration  varying  as  the  load,  it  varies 
as  the  square  of  the  load,  and  the  penetration  c;u'ves  are 
parabolas.  These  results,  which  were  altogether  unexpected, 
are  completely  confirmed  by  larger  experiments  carried  out  by 
Messrs.  Coode,  Matthews,  Fitzmaiirice,  and  Wilson,  and  by  Mr. 
McAlpine  in  New  York.  The  author  is  able  to  give  no  physi- 
cal explanation  as  to  why  the  penetration  in  clay  should  vary  as 
the  square  of  the  load,  but  leaves  it  to  the  physicists.  The 
law  must  be  capable  of  some  rational  explanation,  and,  if 
true,  it  upsets  all  earth-pressure  theories  when  tliey  are  applied 
to  clay  ：  for  all  accepted  theories  assume  that  the  angle  of 
internal  friction  is  the  same  as  the  angle  of  repose,  and  that 
its  value  is  independent  of  the  pressure.  It  is  suggested  that 
the  subject  is  worthy  of  further  investigation,  but  that  such 
could  hardly  be  made  by  a  private  individual,  for  the  work  is 
tedious,  each  experiment  taking  from  24  to  48  hours.  More- 
over, if  the  investigation  is  to  be  properly  carried  out,  physical 
and  chemical  analyses  of  the  clays  will  be  required  that  could 
only  be  made  in  a  well-equipped  physical  laboratory. 

In  connection  with  the  earth  slides  experienced  at  the 
Panama  Canal,  it  has  been  suggested  that  in  clay  and  shale 
cuttings  tliere  is  a  critical  depth  beyond  whicli  the  sides  will 
not  stand,  and  the  author's  experiments  on  clays  clearly  sliow 
that  for  these  this  must  be  the  case.  Where  <p  is  inde])endent 
of  the  pressure  the  depth  of  the  cutting  cannot  affect  the 
stability  of  the  slope,  but  where  the  angle  decreases  with  the 
pressure  it  is  evident  that  eventually  a  depth  will  be  reached 
beyond  which  its  sides  will  not  stand.  This  decrease  is  clearly 
shown  in  one  experiment  on  mud  for  which  the  angle  for  a 
pressure  of  0'25  ton  per  square  foot  was  17°  -  15',  which 
decreased  to  2°  10,  at  a  pressure  of  1*25  ton  per  square  foot, 
when  it  was  little  better  than  a  liquid. 


NEW  PATENTS. 

Spexifi cations  of  the  following  are  now  published,  and  we  shall 
be  pleased  to  forward  copies  post  free  on  recrrpt  of  8d.  Address 
*'  Mechanical  Engineer,*^  53,  New  Bailey  Street,  Manche:iter, 

MECHANICAL,  1915. 

Machines  for  p'mcliiiig  sti  iictiii-al  shapes.    JVlarks.  12】39. 
Storing  of  gases  under  pressure.     Acetylene    Illuiiiiiiatiii^  Coin- 
pa  ny,  and  Stephenson.    1 2205. 
Machines  for  milling  screw  threads.    Berry.  12555. 
Metal  l>ending  machines.    】31ake.  15147. 

Carburetters  for  internal-coniljustion  engines.    Jonnings.  ]/327】. 
Valve  mechanism  of  internal  coml 川 stion  <]ngiiies.    Chorlton  and 
Livens.  16493. 

Heating  of  feed  wator  for  steam  t^eiiorators.    (;(>、、" iis.    1  OoS  1 . 
Variahle-spoetl  gear.     D.  Napifr  A'    Son.    Ltd.,  Ko\v!c(lfi;o. 

16590  and  10596. 
Appliances  for  horiri^  metals  or  other       n\  sii hst:m(  (  s.  Austin, 

16G84. 


Feeding  of  steam  generators.    Watson.  16086. 

Jet  carburetters  for  internal-coiubustion  engines.    Davis.  Kuno. 

Processes  and  apparatus  for  converting  heavier  oils  into  lighter 

oils.    Laniplongh.  16830. 
Lubricators  for  piston  rods.    Smith,  and  Smith.  10970. 
Carburetters  of  internal-combustion  engines.    Newton      Howa rtli, 

17011. 

Coil  clutches.    Carter,  and  Hans  Reiiold.  Ltd.  17134. 
Steam-ccnidensing  plant.       orison.  17405. 
Crucible  furnaces.    Keith  &  Keith.  17902. 

1916. 

C'littiiig  or  milling  tools.    Vickers,  Ltd.,  ami  Francis.  H.  138. 
Furnaces  lieated  by  oil  fuel  for  melting  metals.    Ward,  J.，  Town- 
send,  A.  P.,  and  Forghani,  R.  G.  49o. 
Steam  snperlieaters.    Smith,  Y.  1170. 

Mnlticyliiider  iuteriial-comhnstioii  eii<j;iiies.    Craig.  A.  lolo. 
Apparatus  for  cleaning  the  tubt^s  of  steam  boilers.    Heiter  iind 

(Jrnemvald.  1757. 
Capstan  hithes.    Friscli  et  Cie，  A.  3248. 
Boring  and  drilling  took.    Allen,  W.  G.  3831. 

Apparatus  for  charging  articles  into  furnaces  and  witlidrawiiig 

them  therefrom.    Smith,  J.  3909. 
Disc  valves.    Key,  T.  D.  3970. 

Pig-iron  breaking  machines.    Wiiitcrhottoni.  T.  5212. 

Furnaces.    Yates,  H.  J.,  liravsliaw.  S.  N.,  unci  Brayshaw,  E.  B. 

-5338.  '  ' 

Metliod  (»f  making  lined   hearings.     Pressed  JJearing  Companv. 

()oOO.  、  ' 

Locking  means  for  nuts  and  bolts.    Willey,  8.  J.  8984. 
Marine  turbine  installations.    Westiughouse  Machine  Conipaiiv. 

mi2.  • 

Pipe  joints.    Lock  ley,  A.  K.  9524. 

Liquid  fuel  furnaces.    Eichards,  C.  and  Richards,  A.  9574. 
Water-tnhe    boilers    fitted    witli    superheaters.      Babcock  and 

Wikox.    9867.  _ 
Means  for  varying  the  stroke  of  a  recipi-ocatiug  engine.  Wilkin 

son,  H.  O."  9878. 
Intercepting-valves  for  conipound  engines.     Davies^   H..  Mason, 

P.  F.,  and  Wood,  A.  10064. 
Apparatus  for  raising  and  forcing  liquids  l)y  means  of  compressed 

air.    Chapman.  T.  S.    12672!  ' 
Lids  or  covers  for  crnci lile  furnaces.     Keith,  J.,  and  Kcithj  G. 

13060.  ' 

ELECTRICAL,  1915. 

Electrolytic  cells.  Jenkins,  and  C.  I  (1914)  Syiulicate,  Ltd.  1004；}. 
Electromagnetically-actiiated  contact  makers  or  switches.  D. 

Peters  iS:  Co.，  Hil)berclj  and  King.  16765. 
Portable  electric  lamps.    Gibson  &  Beiiiis.  16865. 
Carl)()n-saver  for  arc  lamps.    Turner.  17125. 

Cooling  of  electric  motors  of  the  enclosed  type.    Schrooder.  17276. 

1916. 

Electric  nelding  aj)paratus.    Woltniann,  E.  (id.'iti. 

Electric  meters  or  relays.     British    Westingltou.se    Electric  ami 

Alamifactm'ing  Company.  8310. 
Automatic  ignition  advancing  devices  for  in;igii(、t(》;s.    Bigiimi,  L.， 

and  Ronsset,  J.  C.    13820.  ' 


Metal  Quotations.  —  Owing  to  the  irregularity  and  uncer- 
tainty of  metal  prices  in  ( ousequence  of  the  war,  we  are  refrain- 
ing from  publishing  tlie  usual  table  cf  metal  quotations  until 
conditions  become  more  normal. 

Locomotives  for  New  South  Wales,— The  Assistant  Minister 
for  Railways,  Mr.  Hoyle,  states  that  the  Government 
has,  throiigli  the  Railway  Coniiiiissioners,  signed  a  con- 
tract with  the  Clyde  Engineering  Company,  Auburn,  near 
Sydney,  for  the  construction  of  300  locomotives,  covering  a 
period  of  five  years,  beginning  April,  1917.  He  said  recently 
that  "  The  Clyde  Engineering  Company,  being  the  lowest  ten- 
derers, have  not  only  a  very  large  order,  but  they  have  agreed 
to  extend  their  plant,  which  will  enable  them  to  get  out  60 
entities  per  year more  than  one  per  week.  They  will  begin 
by  increasing  their  output,  and  long  before  the  expiration  of 
the  term  of  five  years  they  will  be  turning  out  the  60  engines 
per  year.  At  present  the  company's  output  is  about  one  per 
fortnight.  We  consider  this  to  he<  an  excellent  arrangement, 
and  one  of  the  first  substantia]  efforts  to  make  the  Empire  self- 
contain  ed.  We  are  launching  a  locomotive  building  industry 
liere  which  will  be  the  start  of  one  of  the  largest  of  its  kind 
in  Australia.  I  have  always  had  a  strong  desire  to  build  up 
our  industrial  greatness,  and  this  is  the  first  result  of  efforts 
in  t hat  direction. 
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FLEXIBLE 


METALLIC  TUBING 


UNRIVALLED  FOR  ALL  PURPOSES. 


Steam,    Highest    Pressures,   Oil  Pumping, 
Air,  Gas,  &c. 


(1) 


HEAD  OFFICE: 

112,  QUEEN  VICTORIA  STREET,  LONDON,  E  C. 
Works :  PONDERS  END,  MIDDLESEX. 


The  man  stood  on  the  boiler  top,  whence  nil  but  he  had  flown. 

For  one  and  then  another  of  the  blessed  joints  had  blown  ； 

'Twas  there  we  found  him  swearing,  when  we  took  him  underhand, 

Now  a  smile  he's  always  wearing,  he's  found  "  NONLEAK  "  will  stand. 


WHY   NOT  WEAR   A  SMILE P 

NnNirAic  JOINTING 

l，lJI、LitMIV  COMPOUND 

Will  Put  a  Stop  to  Leaking  Joints  &  Blow-outs. 


BRITISH  MAKE  I 


FREE  FROM  LEAD  ！ 

IMPBOVKS  WITH  AGE  1 


TESTING  SAMPLES. 


WILL.  NEVER  BLOW  OUT,  SCALE,  OR  ROT. 

88,  Leeds  Road, 


J.  E.  TURNER  &  C0.，  Ltd.,         Makers,  BRrDpSRO.  Yorks 


Second  and  Greatly  Enlarged  Edition. 

The  Testing  of  Engines, 
Boilers,  &  Auxiliary  Machinery. 

A  Treatise  on  the  Construction  and  Use  of  the  Instruments 
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Hardness  Tests - 

The  report  which  has  been  published  of  the  Research  Com- 
mittee of  the  Institution  of  Mechanical  Engineers  on  Hard- 
ness Tests  is  an  admirable  example  of  good  work  which  may 
be  undertaken  by  the  Institution.  The  Committee  was  ap- 
pointed in  1914  and  originated  in  a  question  addressed  to  the 
Engineering  Standards  Committee  as  to  the  best  methods  of 
determining  the  standards  of  hardness  required  for  shafts  or 
pins  revolving  at  high  speeds  under  heavy  loads.  In  a  general 
way,  and  to  the  mind  that  does  not  penetrate  below  the 
surface  of  things,  the  question  does  not  appear  to 
present  niiicli  difficulty.  Such  a  iiiind  concerns  itself 
only  with  broad  contrasts  and  not  with  tliose  minute  diffe- 
rences of  ni/aaurement  which  it  is  essential  to  make  when 
clear  definitions  have  to  be  formulated.  It  is  easy,  for  in- 
stance, to  say  at  once  that  cast  iron  is  harder  than  lead,  but 
judgment  is  set  wondering  when  the  question  arises  as  to 
which  of  two  samples  of  lead  is  the  harder,  or  whether  glass 
is  harder  than  steel,  and  is  still  more  perplexed  when  it  is 
faced  with  the  problem  of  deciding  relative  degrees  of  hard- 
ness. A  variety  of  methods  have  been  evolved  to  answer  the 
question.  One  of  the  simplest  is  the  scratch  test.  The  fact 
that  a  diamond  point  is  capable  of  scratching  almost  all  other 
crystals  while  itself  remaining  untouched  is  accepted  as 
proof  that  it  is  the  hardest  of  all.  In  engineering  the  file  test, 
which  is  practically  a  scratch  test,  was  one  of  the  first  to  be 
adopted.  Subsequently  Moh  proposed  a  scale  of  hardness  in 
which  10  substances  were  graded  such  that  eacli  would  be 
scratched  by  tlie  next  above,  talc  being  the  lowest  and 
regarded  as  No.  1  in  the  scale,  and  the  diamond  the  highest 
and  regarded  as  No.  10.  On  this  scale  a  co))])er  coin  ranked 
as  No.  3，  ductile  iron  as  No.  4 '5，  and  a  file  as  No. 
(；' 5.  It  is  obvious,  however,  that  as  applied  to 
metals     sucli     a     scale     was    very     empirical.  Turner's 
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scratch  method  was  an  iniprovenieut  on   this.    He  used  a 
diamond  point  which,  could  be  loaded  by  a  lever  and  weight 
and  drawn  across  a  polished  surface  of  the  specimen.  Pressures 
on  the  point  of  10，  20，  30，  &c"  grammes  formed  the  scale,  and 
the  pressure  which  was  necessary  to  produce  a.  decided  scratch 
was  taken  as  the  hardness  number.    It  requires  little  con- 
sideration to  see  that  this  method  is  open  to  objection ,  involv- 
ing, as  it  does,  the  personal  equations  of  eyesight  and  sharp- 
ness of  the  diamond  point.    Following  on  this  several  inden- 
tation methods   liave  been   proposed   in   turn  by  Mautell, 
Foeppl,  Unwin,  Brinell,  and  Shore.      Foeppl's  method  con- 
sisted in  squeezing  two  cylinders  of  the  inaterial  to  be  tested 
at  right  angles,  the  pressure   per   unit   of   flattened  surface 
being  taken  as  the  measure  of  hardness.    Unwin  employed  as 
indenting  tool  a  small  square  bar  of  hardened  tool  steel,  one  of 
the  edges  of  which  was  forced  into  a  strip  of  the  material  2in. 
by  ^in.  by  Mn.  to  be  tested,  the  load  P  in  tons  divided  by  the 
indentation  in  inches  being  taken  as  the  hardness  number. 
Measured  in  this  way  he  found  that  the  tensile  strength, 
divided  by  the   hardness  number,  was  practically  constant. 
In  the  Brinell  test  the  indenting  tool  is  a  spherical  ball,  and 
by  an  empirical  relationship  between  the  pressure,  the  dia- 
meter of  the  ball,  and  the  diameter  and  depth  of  the  inden- 
tation a  scale  of  hardness  numbers  is  determined.    The  Shore 
and  the  Man  tell  tests  are  indentation  tests  caused  by  a  blow. 
Mantell  used  a  pyramidal  point  and  a  falling  weie^ht.    In  the 
Shore  test,  known  as  the   scleroscope,  this  method  has  been 
elaborated,  the  indentation  being  formed  by  the  convex  point 
of  a  hammer  weighing  40  grammes,  which  falls  from  a  fixed 
height  inside  a  glass  tube,  and  the  height  of  rebound  is  observed 
against  a  graduated  scale.    It  has  been  found  that  the  arbit- 
rary numbers  on  the  Brinell  and  Shore  scales  are  related,  and 
that  the  Brinell  number  divided  by  six  agrees  approximately 
with  the  Shore  number.    It  has  been  generally  assumed  that 
hardness  measured  in  one  or  other  of  these  ways  was  also  a 
measure  of  resistance  to  abrasion  and  wear,  but  experience 
has  not  borne  out  this  assumption,  a  striking  exception  being- 
manganese  steel,  which,  with  a  low  Brinell  hardness  number, 
yet  gave  the  best  wear  number  of  all  steels  tested  in  some 
abrasion  experiments  made  by  Mr.  E.  H.  Saniter,  of  Rotlier- 
ham,  and  described  in  a  paper  read  before  the  International 
Association  of  Testing  Materials  in  1912.    A  consideration  of 
this  and  other  results  forms  the  basis  of  the  enquiry  of  the 
Research  Committee,  and  as  we  purpose  givins^  the  report  in 
full,  we  need  not  here  refer  to  the  precise  methods  of  testing. 
It  was  pretty  clear,  however,  at  the  outset  that  the  ordinary 
methods  hitherto  used  for  testing  hardness  were  not  a  safe 
guide  in  determining  the  relative  resistances  of  metals  to 
wear,  and  this  conclusion  has  "been  confirmed  by  the  Research 
Committee.    Hardness,  as  Sir  Robert  Hadfield  points  out  in 
an  appendix  to  the  report,  is  a  vague,  indefinite  term,  and  can- 
not be  regarded  as  a  specific  property  of  a  material  until  its 
characteristics   as    regards    deformation   have   been  clearly 
defined.      Deformation   itself  causes   ch an ges   of  molecular 
structure,  and  hardness  measured  by  indentation  methods  is 
really  on】y  a  measure  of  compressive  stress  over  a  small  area, 
where  owing  to  the  deformation  caused  the  stress  itself  is  not 
uniform,  and  therefore  cannot  permit  of  accurate  deductions 
being  drawn.    A  striking  example  in  this  respect  is  shown  by 
manganese  steel,  and  of  course  in  a  greater  or  less  degree 
other  materials.    Manganese  steel  is  soft  in  its  undef  or  Tried 
state,  hut  when  deformed  becom es  hard  as  a  result  of  iiiole- 
cular  change.    These  changes  resulting  from  deformation  are 
impossiWe  to  measure  by  indentation  tests,  although  they 
largely  affect  resistance  to  abrasion,  am]  therefore  the  suita- 
bility of  metals  in  frictional  contact  ttnder  high  speeds  and 
heavy  loads. 
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its  author  to  act  as  a  book  of  reference  for  students,  presumably 
those  passing  through  his  hands  at  the  University  of  Ohio,  in 
their  subsequent  practical  career,  as  well  as  for  the  practical 
engineer  who  is  too  preoccupied  to  wade  deeply  into  an  elabo- 
rate treatise  when  suddenly  called  on  to  deal  with  a  new 
problem.    Of  books  on  stresses  in  buil1>up  structures  there  is 
no  lack,  and  the  sole  claim  for  originality   in    the  present 
volume  is  that  methods  of  treatment  are  simplified,  while  at 
the  same  time  the  reader  is  not  called  upon  to  accept  many 
things  on  faith  if  he  is  at  all  familiar  with  analytical  mechanics 
and  strength  of  materials.    To  en  able  the  reader  to  check  his 
knowledge,  most  of  the  chapters  are  supplemented  with  a 
series  of  questions  and  answers  based  on  the  text.    These  are 
well  chosen.    The  work  throughout  is  illustrated  with  clear 
cliae:rams，  and  the  matter  selected  with  a  strict  regard  to  the 
author's  aims.    Within  the  limits  stated  the  book  is  good, 
and  we  have  pleasure  in  recommending  it. 
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Price,  6s.  net. 

Engineers  cannot  at  the  present  day  complain  of  lack  of 
pocket  reference  books.  Whatever  be  the  particular  field  in 
winch  they  are  eneraged,  specialisation  seems  to  increase 
rather  than  diminish  his  need  for  prompt  information  on 
other  matters  than  those  in  whicli  he  is  expert,  and  the  wide 
range  that  is  connected  directly  and  indirectly  with  electricity 
is  indicated  by  a  glance  at  the  book  before  us.  Wliere  there 
is  such  a  wide  choice  of  pocketr-books  no  one  can  claim  to  rank 
as  best,  but  we  may  at  least  say  that  this  one  contains  matter 
in  many  directions  that  makes  it  distinctive,  and  though  the 
price,  as  compared  with  others,  appears  a  bit  stiff,  it  never- 
theless deserves  a  good  place  in  the  list.  After  all,  enghieer- 
incr  literature  in  this  country  is  cheaper  and  better  than  any- 
where else,  and,  in  regard  to  reference  books,  tlie  reader  can 
well  afford  to  purchase  two  or  three.  We  would  add,  finally, 
that  the  book  is  well  printed  and  well  illustrated. 


BOOKS  RECEIVED. 

The  Journal  of  the  Textile  Institute.  Vol.  III.,  No.  3. 
16,  St.  Mary's  Parsonage,  Manchester. 

The  Slide  Rule.  Its  operation  and  digit  rules.  By  A. 
Lovat  Higgins,  A.M.Tnst.C.E.  London  :  Whittaker  &  Co. 
Price  4rl. 

Wire  and  Sheet  Gauge  Tables.  A  metal  calculator  for 
merchants,  for  office  and  shop  use,  in  sheet,  plate,  and  rod 
mills  and  forges.  By  Thomas  Stobbs.  London  :  E.  and 
P.  N.  Spon.    Price  3/6  net. 

Power  Transmission  by  Leather  Belts.  By  Robert  Thurston 
Kent,  M.E.  New  York  ：  Wiley  &:  Sons.  London  ：  Chap- 
man &  Hall.     TIO  pages.    Price  5/6  net. 


"Isherwood"  System  of  Ship  Construction.— The  number  of 
" TsheT-wood  ，，  vessels  contracted  for  to  date  in  this  year  is 
152，  with  a  total  gross  tonnage  of  about  698,875，  wliich  is 
equivalent  to  about  1 ,000,000  tons  in  deadweight  carrying 
capacity,  thus  nialdng  the  t,o"】 n 聽 ber  of  vessels  huilt,  under 
construction  and  on  order  620,  wit.li  an  aggregate  deadweight 
carrying  capacity  of  over  4，500，000  tons. 
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DAVEY'S  COMPOUND  CONDENSING  PUMPING  ENGINE. 

Thk  pumping  engine  sliown  in  t he  arooinpanyinfjj  cuts,  Mie 
invent  ion  of  Mr.  I  renry  Davey,  (，oiKi\vays，  Ewoll,  Surrey,  is  of 
the  comj)ound  rondeiising  typo,  and  although  not  provided 
with  steam  jackets  is  designed  to  give  a  higli  efficiency.  The 
engine  comprises  a  high-{iressure  cylinder,  a  valve  leading 
from  the  high-pressure  cylinder  to  tiie  low-pressure  cylinder, 
a  valve  leading  from  the  passage  connecting  tlie  cylinders  to 
a  feed-water  heater,  and  an  exhaust  valve  in  the  passage  to 
the  condenser.    Referring  to  the  illustrations,  Figs.  1  and  2 


t rated  the  valves  arc  of,  the  lift  type,  but  slide  valven  may  be 
(Muployed  on  the  low-pressure  cylinder. 

Kig.  5  shows  a  sieain  diagram  of  the  engine.  I  m  this  figure 
lite  diagram  A  represents  the  steam  distribution  in  the  high 
and  low-pressure  cylinders,  where  tlie  maxiinuiii  pressure  is 
I  'JOlbs.,  wliile  B  is  a  similar  diagram  in  which  the  maxim um 
pressure  is  1601bs.  C  and  D  show  enlarged  views  of  the  low- 
pressure  diagram.    Tii  Figs.  A  and  C  the  ratio  of  tlie  volumes 
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Fig.  1.  Fig.  2. 

Davey's  Compound  Condensing  Pumping  Engine. 

are  elevations  at  planes  of  right  angles  of  the  pumping  plant  ； 
Fig.  3  is  a  sectional  elevation  of  the  engine  cylinders  ；  Fig.  4 
is  a  sectional  elevation  through  the  valve  passage,  feed-water 
heater,  and  condenser  :  and  Fig.  5  are  diagrams  of  the  steam 
distribution  in  the  engine. 

In  the  installation  illustrated,  which  represents  a  com- 
pound condensing  pumping  engine  giving  400  b.li.p.,  the 
high-pressure  cylinder  A  is  of  30iu.  cliam.  and  3ft.  stroke  ； 
for  lOOlbs.  boiler  pressure,  the  low-pressure  cylinder  B  is  of 
60in.  diam.  and  3ft.  stroke,  the  number  of  revolutions 
being  35  to  40.  The  cylinders  are  mounted  on  standards,  and 
the  pistons  D，  E，  are  directly  connected  to  the  plungers  of 
pumps  F，  G.  The  condenser  H  and  feed-water  heater  K  are 
connected  to  tlie  engine  cylinders  through  pipes  L，  M.  Both 
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cylinders  of  the  engine  are  double  acting,  and  the  high-pres- 
sure cylinder  is  supplied  with  steam  through  the  valves  O. 
The  exhaust  from  the  high-pressure  cylinder  is  controlled  by 
valves  P  leading  to  passages  Q,  through  which  the  steam 
passes  to  the  low-pressure  cylinder.  The  steam  supplied  to 
the  feed-water  heater  is  controlled  by  the  valves  R，  and  the 
exhaust  to  the  condenser  is  controlled  by  the  valves  S.  Be- 
tween the  valve  R  and  the  feed-water  heater  there  is  pro- 
vided a  iion-returii  flap  valve  T.  The  feed  water  is  fed  into 
the  inlet  U  and  leaves  the  feed-water  heater  by  the  outlet  V. 
A  loaded  valve  W  is  provided  for  the  escape  of  air  and  water 
from  the  condenser  to  the  feed-water  heater,  this  valve  being 
mechanically  worked  from  the  engine  if  desired.  Since  air 
is  heavier  than  steam,  by  placing  the  heater  above  the  con- 
denser the  air  and  water  will  gravitate  to  the  condenser  when 
the  pressure  in  the  heater  opens  the  relief  valve  or  when  the 
valve  is  opened  in  any  other  way.    In  the  arrangement  illus- 
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of  the  high-pressure  and  low-pressure  cylinders  is  1  to  4，  while 
in  Figs.  B  and  D  the  ratio  is  1  to  6. 

Instead  of  heating  the  feed  water  by  the  steam  taken  from 
the  cylinder  at  the  end  of  the  stroke  the  valve  R  leading  from 
the  low-pressure  cylinder  to  the  feed-water  heater  is  opened 
shortly  before  the  end  of  the  stroke  and  before  the  exhaust 
valve  S  is  opened.  The  effect  of  this  is  that  a  diagram  with  a 
drop  of  pressure  near  the  toe  is  produced  as  shown  in  Fig.  5， 
this  drop  of  pressure  being  due  to  the 
condensation  of  steam  in  the  feed-water 
heater.  The  result  of  this  is  that  the 
steam  in  the  feed-water  heater  is  at  a 
higher  temperature  than  in  engines  as 
heretofore  eonstructed,  a  temperature  of 
180""  Fall,  being  conveniently  obtained. 
At  the  same  time  the  pressure  drop  in  the 
low-pressure  cylinder  caused  by  the  early 
opening  of  the  valve  leading  to  the  feed- 
water  heater  is  comparatively  small,  so 
that  there  is  little  loss  of  power  by 
reason  of  the  opening  of  the  valve. 

The  two  steam  cylinders  are  arranged 
with  pistons  connected  to  cranks  opposite 
each  other,  and  the  discharge  or  out- 
let valves  of  the  higli-pressure  cylinder 
serve  as  the  admission  valve  to  the 
low-pressure  cylinder.  It  is  convenient  to 
arrange  the  opening  of  the  valve  to  the  feed-water  heater 
wlien  the  low-pressure  piston  has  completed  about  seven- 
eighths  of  its  stroke.  The  exhaust  valve  is  opened  just  before 
the  end  of  the  stroke,  and  remains  open  for  about  one-eighth 
or  more  of  the  exhaust  stroke.  The  exhaust  valve  then  closes 
and  steam  in  the  cylinder  at  condenser  pressure  is  compressed 
in  the  clearance  spaces  in  the  passages  between  the  cylinders 
until  it  reaches  the  terminal  pressure  of  the  high-pressure 
cylinder.  While  the  exhaust  to  the  feed-water  heater  is  still 
open  and  before  the  exhaust  to  the  condenser  takes  place,  the 
water  in  the  lieater  is  heated  to  nearly  the  temperature  of 
the  steam  at  a  terminal  pressure,  say  at  about  180°  Fall., 
the  terminal  pressure  being  about  81bs.  absolute.  By  closing 
the  exhaust  valve  early  in  the  stroke  two  thermal  effects  are 
produced.  Firstly,  the  isolation  of  the  cylinder  from  tlie 
cooling  influence  of  the  condenser  for  seven-eiglitlis  of  the 
stroke,  and,  secondly,  the  compression  heats  the  face  of  the 
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piston,  the  cover,  and  the  clearance  surfaces  to  the  tempera- 
ture of  the  initial  steam,  thus  reducing  initial  condensation  and 
avoiding  a  pressure  drop  between  the  two  cylinders.  By 
supplying  superheated  steam  to  the  high-pressure  cylinder  by 
isolating  the  low-pressure  cylinder  from  the  condenser  and  by 
compressing  the  condenser  steam,  losses  of  heat  are  avoided 
and  steam  jackets  may  be  dispensed  with.  Means  are  pro- 
vided for  maiiitaiuing  a  constant  compression  in  the  low-pres- 
sure cylinder  for  varying  degrees  of  vacuum  in  the  condenser, 
and  at  starting  the  engine  compression  is  altogether  removed 
by  a  suitable  automatic  governor.  It  will  be  seen  that  the 
higher  the  terminal  pressure  the  greater  will  be  the  percen- 
tage of  heat  recovered  in  the  feed-water  heater. 

LIQUID  MEASURING  PUMPS.* 

BY  F.  J.  SCHLINK. 

The  importance  of  the  measuring  pump  is  principally  due  to 
the  large  quantities  of  gasoline  sold  as  fuel  lor  motor  cars, 
by  far  the  greater  part  of  this  commodity  being  sold  through 
the  various  forms  of  measuring  pumps.  The  principal  advan- 
tages of  this  type  of  apparatus  lie  in  its  convenience  in 
delivering  gasoline  directly  to  the  taiik  of  the  automobile, 
with  a  minimum,  of  evaporation,  spillage,  and  fire  hazard. 

The  first  and  most  common  type  of  measuring  pump  is 
the  piston  pump,  which  is  in  principle  the  usual  plunger 
pump  with  stops  which  act  to  define  accurately  the  limits  of 
the  piston  stroke,  and  consequently  the  volume  generated 
by  the  piston  on  each  cycle.  Both  single-acting  and  double- 
acting  piston  pumps  are  used  for  measuring  purposes.  In 
addition  to  the  pumps  with  reciprocating  pistons,  pumps 
with  rotating  pistons  are  used,  the  application  of  these  at 
the  present  time  being  more  familiar  in  the  socalled  molasses 
pumps,  which  are  especially  adapted  to  the  -  handling  of 
viscous  liquids.  Most  reciprocating  and  rotary  piston  pumps 
are  provided  with  a  counter  or  tally  to  indicate  the  number 
of  strokes  or  cycles  which  have  been  completed.  Such 
counters  should  be  so  designed  and  located  that  they  will 
operate  correctly,  indicate  unmistakably,  be  actuated  only 
very  near  the  conclusion  of  the  stroke  or  cycle,  and  be  plainly 
visible  to  and  readable  by  both  merchant  and  customer. 

Ill  a  second  type  of  apparatus,  the  measurement  is  per- 
formed by  passing  the  liquid  through  a  meter,  commonly  of 
the  nutating-piston  type,  the  discharge  of  liquid  through  the 
meter  being  produced  either  by  displacement  of  the  oil  over 
、vater，  by  pneumatic  pressure,  or  by  mechanical  pumping. 
With  the  type  of  meter  now  used,  it  is  important  that  the 
rate  of  flow  through  the  meter  be  maintained  as  nearly  con- 
stant as  possible,  and  the  liquid  stream  must  be  kept  free 
from  solid  particles  and  sediment,  or  the  meter  regularly  and 
carefully  cleaned. 

A  third  type  of  measuring  system  is  founded  upon  the 
principle  of  overfilling  a  measuring  chamber,  supplying 
liquid  until  an  excess  is  present  over  the  nominal  delivery, 
and  then  removing  the  excess  by  abstraction  to  a  definite 
level.  The  liquid  may  be  supplied  to  the  measuring  chamber 
by  air  pressure,  by  evacuating  the  chamber  with  a  vacuum 
pump,  or  by  direct  mechanical  pumping  from  the  supply 
tank.  The  abstraction  of  the  excess  may  be  performed  either 
by  gravity  through  an  overflow  pipe,  or  by  siphoning,  the 
height  of  the  liquid  remaining  being  determined  by  the 
vertical  height  of  the  face  of  the  orifice  of  such  pipes  above 
the  bottom  of  the  measuring  chamber.  In  a  modification  of 
this  tvpe,  the  measurement  is  obtained  by  direct  reading  of 
the  height  of  the  liquid  column  on  a  graduated  scale,  at  the 
beginning  and  end  of  the  withdrawal  of  the  liquid  from  a 
tank  or  cylinder.  The  cross-sectional  area  of  such  tanks 
must  be  limited  in  order  that  the  volume  value  of  the  scale 
interval  be  not  excessive. 

A  portable  apparatus  is  also  in  use,  comprising  a  small 
storage  tank  and  a  measuring  pump,  the  whole  arrangement 
being  adapted  for  moving  to  the  place  of  filling  most  conve^ 
】iient  to  the  purchaser.  Such  devices  favour  a  higher  pre- 
cision than  most  stationary  tanks  in  that  the  suction  lift  can 
be  kept  at  a  minimum,  and  the  danger  of  vaporisation  and 
leakage  below  the  piston  is  much  reduced. 

In  the  testing  and  inspection  of  measuring  pumps  it  is 
essential  to  determine  whether  the  installation  is  free  from 
inward  leaks  of  air  and  outward  leaks  of  gasoline.  Leaks  of 
either  kind  are  fatal  to  accurate  rneasurern ent,  and  any 
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adjustment  made  before  the  correction  of  defects  of  this  kind 
cannot  be  expected  to  be  permanently  effective.  Much 
trouble  of  this  nature  can  .be  prevented  by  following  with 
scrupulous  exactness  the  instructions  of  the  manufacturers, 
which  are  provided  to  guide  the  owner  in  making  the  instal- 
lation. 

The  principal  causes  of  short  delivery  of  pumps  of  the 
piston  type  are  leaking  of  foot  valves,  and  formation,  of 
vapour  or  air  space  under  the  piston,  resulting  from  excessive 
virtual  suction  lift  or  leaky  piping,  or  piping  containing 
traps  tending  toward  the  periodical  retention  of  vapour.  It 
appears  that  a  total  vertical  suction  lift  greater  than  7ft. 
may  be  excessive  with,  the  ordinary  commercial  (not 
'' blended  '，  or  "  casing-head  ，，)  gasolines.  "  Casing-head  ，，  or 
" blended  ,，  gasoline  should  not  be  lifted  any  appreciable 
vertical  distance  on  the  suction  side  in  those  types  of  pumps 
ill  which  the  piston  and  cylinder  form  the  measuring  element, 
on  a«count  ot  the  vaporisation  difliculty  already  mentioned. 
Special  installations,  in  which  the  pump  is  located  at  or 
near  the  level  of  the  supply  tank,  should  be  employed  for  the 
last-mentioned  grades  of  gasoline.  Another  source  of  error 
which  should  be  guarded  against  in  design  and  installation 
of  piston  measuring  pumps  is  the  inertia  of  the  moving 
liquid  column. 

The  use  of  long  filling  hoses,  and  of  hoses  so  arranged 
that  they  cannot  be  readily  drained,  results  in  cases  of  short 
delivery  to  individual  purchasers  ；  this  should  be  obviated 
by  so  relating  the  length  of  hose  and  the  height  of  hose  con- 
nections that  the  hose  can  always  be  readily  drained  to  a 
definite  level.  A  measuring  pump  should  not  be  installed 
inside  a  building  with  the  hose  connection  outside,  unless  so 
arranged  that  the  manner  of  operation  of  the  pump  is  clearly 
visible  to  the  purchaser.  The  writer  also  questions  the 
advisability  of  permitting  the  use  of  a  shut-off  cock  on  the 
outer  or  delivery  end  ot  the  hose,  as  its  use  may  readily 
operate  to  prevent  the  regular  drainage  of  the  hose  into  the 
customers'  tanks. 

It  is  recommended  that  the  design  of  piston  type  measur- 
ing pumps  should  tend  toward  types  which  cannot  be 
operated  through  less  than  full  strokes  without  that  incom- 
pleteness of  the  cycle  being  clearly  indicated  to  the  customer. 
This  certainty  of  stroke  completion  is  readily  obtainable  in 
simple  designs,  which  so  far  as  the  writer  knows  have  not  yet 
been  offered  for  use.  In  order  to  prevent  the  short  deliveries 
consequent  upon  operating  the  piston  pumps  at  less  than 
full  stroke,  they  might  well  carry  a  clearly  legible  placard 
or  notice,  reading  "  This  Pump  to  Deliver ― Gal.  for  Each 
Full  Stroke." 

Pumps  v/hich  provide  for  the  return  of  undelivered  liquid 
to  the  storage  tank  should  be  equipped  with  some  manner  of 
device  which  will  prevent  this  return  taking  place  at  the 
same  time  that  liquid  is  being  delivered  to  the  purchaser,  as 
such  diversion  of  a  portion  of  the  customer's  purchase  con- 
stitutes an  easy  means  to  fraud. 

In  testing  pumps,  the  hose  should  be  removed  if  this  is 
feasible,  and  the  test  delivery  made  from  the  pipe  outlet, 
unless  a  suitable  can-filling  outlet  is  provided.  Test  should 
be  made  witli  a  standard  measure  of  suitable  capacity  and 
of  the  conical  type,  used  in  combination  with  a  cylindrical 
graduate  reading  to  cubic  inches,  or  by  a  measure  of  special 
form,  similar  to  that  designed  by  Mr.  Theo.  Seraphin,  which 
comprises  a  zero  graduation  for  the  correct  discharge,  and 
additional  graduations  for  deliveries  in  excess  and  efficiency, 
so  arranged  as  to  cover  the  normal  range  found  in  the  field 
work.  Two  speeds  at  least,  one  faster  and  one  slower  than 
normal  operation,  should  be  used  in  the  test  in  order  to 
detenniiie  whether  or  not  the  action  of  the  pump  is  sub- 
stantially independent  of  the  speed  of  operation. 

It  is  recommended  that  piston  measuring  pumps  which 
have  been  standing  unused  for  a  considerable  length  of  time 
be  operated  for  one  or  two  strokes  to  eliminate  the  first 
stroke  short  delivery  which  often  occurs  on  account  of  valve 
leakage,  vaporisation,  thermal  contraction,  &c. 

Results  of  the  tests  in  the  field  indicate  that  pumps  in 
service  show  a  decided  tendency  towards  under-measure- 
ment,  this  being  due  to  the  fact  that  nearly  all  of  the  defects 
of  construction  or  installation  tend  to  produce  errors  in  this 
one  direction.  These  include  :  leaks  of  air  and  liquid,  reten- 
tion of  liquid  by  the  hose,  vapour  formation  consequent  upon 
excessive  suction  head,  failure  to  complete  the  full  stroke, 
and  slippage  of  liquid  past  valves  and  piston. 
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REPORT  OF  THE  HARDNESS  TESTS  RESEARCH 
COMMITTEE.* 

TiiH  Coinniilteo  was  appoiiiUnl  in  1 !)  1 4  to  rej)ort  on  a  Hard- 
ness Test  for  Hardened  Journals  and  Pins/'  and  its  nieinher- 
sliip  now  stands  as  follows  ：  W.  Cawthorne  Uiiwiii,  LL.D., 
F.R.S.  (Chairman)  ；  Archibald  l^arr,  LL.D.,  D.Sc.  ；  Sir  Robert 
A.  lladfield,  D.Sc,  D.Met，  F.R.S.  :  Captain  H.  lliall  Sankey, 
C.B.,  R.E.,  ret.  ；  T.  E.  Stanton,  D.Sc.,  F.R.S.  ；  and  A,  E.  H. 
Tuttoii,  D.Sc,  F.R.S. 

The  Committee  originated  in  some  letters  from  tlie  Mirr- 
lees  Watson  Company  to  the  late  Mr.  Leslie  Robertson,  the 
secretary  of  the  Engineering  Standards  Committee,  who  sug- 
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gested  that  the  question  was  one  suitable  for  investigation  by 
a  Research  Committee  of  the  Institution.  The  Mirrlees 
Watson  Company  wrote  that  ''  they  had  found  difficulty  in 
fixing  a  standard  of  hardness ~ for  instance,  in  bearings  where 
shafts  or  pins  work  at  high  speeds  under  heavy  loads. ，， 

The  Committee  lias  held  several  meetings,  and  has  corre- 
sponded with  some  manufacturers  and  others  who  were  likely 
to  have  adopted  some  method  of  testing  hardness.  A  memo- 
randum was  prepared  by  the  chairman,  Appendix  L，  on  sucii 
methods  of  testing  hardness  as  were  known  to  have  been  used. 
It  appeared  that  for  ductile  materials  an  indentation  test 
(Briiiell  or  Shore  scleroscope)  was  largely  used,  and  was  found 
to  give  useful  information.  Both  these  methods  appeared  less 
satisfactory  for  very  hard  materials,  such  as  those  indicated 
ill  the  reference  to  the  Committee.  Further,  it  had  been 
shown  by  Mr.  San  iter  that  resistance  to  wear,  as  in  the  case 
of  a  pin  or  journal,  did  not  directly  depend  on  the  hardness 
as  measured  by  the  indentation  test. 

. The  question  of  the  property  of  materials  which  ensures 
resistance  to  wear  on  rolling  or  sliding  surfaces  appeared  to  be 
strictly  within  the  reference  to  the  Committee.  It  was  there- 
fore decided  that  experiments  on  resistance  to  wear,  and 
especially  in  the  case  of  dry  surfaces,  should  be  made  at  the 
National  Physical  Laboratory.  Dr.  Stanton  designed  more 
than  one  form  of  testing  machine  for  this  purpose,  and  carried 
out  the  researches  of  which  an  account  is  given  in  the  paper 
whicli  forms  part  of  this  report.  Briuell  and  scleroscope  tests 
were  made  at  the  same  time,  so  that  a  comparison  could  be 
made  between  the  resistance  to  wear  and  the  ordinary  indenta- 
tion measure  of  hardness.  The  form  of  testing  machine 
designed  by  Dr.  Stanton,  in  whicli  there  is  a  definite  sliding 
between  dry  revolving  surfaces,  seems  likely  to  be  of  consider- 
able value  in  solving  the  precise  question  put  forward  by  tlie 
Mirrlees  Watson  Company. 

The  Committee  is  much  indebted  to  Sir  Robert  lladfield 
for  supplying  the  materials  on  which  Dr.  Stanton's  tests  were 
made  ；  also  to  Mr.  R.  G.  Batson,  of  the  National  Physical 
Laboratory,  to  whose  care  in  making  the  tests  the  success  of 
the  research  was  due.  The  Research  Council  of  the  Board  of 
Education  have  made  a  grant  of  £100  supplementing  that 
from  the  Institution. 

Report  on  Experiments  made  at  the  National  Physical 
Laboratory  by  Dr.  T.  E.  Stanton  and  Mr.  R.  G.  Batson. 

A  description  of  the  nature  of  some  of  the  better  known  of 
the  various  tests  which  have  been  devised  for  obtaining  the 
relative  resistance  of  materials  to  surface  deformation,  to  all 
of  which  the  term  "  hardness  tests  "  is  sometimes  loosely 
applied,  is  given  in  Appendix  I.  by  the  Chairman  of  the  Com- 
mittee. A  preliminary  examination  of  these  methods  shows 
that  each  of  them  falls  into  one  or  the  other  of  two  distinct 
categories.    These  are  :  (1)  Abrasion  or  scratch  tests,  in  which 

*  rresentcd  at  a  meeting  of  the  Institution  of  Mechanical  Enj^inccrs,  November 
17th,  1916. 


particles  of  iho  material  wlioso  "  hartlncsH  "  is  to  be  doter- 
inined  are  torn  away  from  its  surface  by  sliding  contact  with 
some  other  substance,  whose  corrospoiicling  resistance  is  ho  high 
that  its  surface  remains  luiirn paired  by  the  action.  (2)  In- 
dentation tests,  in  wliirli  tlie  surface  of  the  material  u nder  tost 
is  perrnaiieiitly  distortod  by  tlio  pressure  of  a  hard  steel  hall, 
cone,  or  knife  ecl^^e. 

If  each  of  these  methods  were  a  measure  of  the  same 
definite  properly  of  the  material  which  is  as  characteristic  of 
it  as,  say,  its  elasticity,  it  is  evident  that  the  ratio  of  the 
results  of  any  two  o  1"  the  methods  would  be  the  same  for  every 
material  tested.  Comparisons  between  tlie  results  of  these 
various  tests  have  formed  the  subject  of  several  researches 
whicli  have  been  published  during  recent  years.  The  general 
conclusions,  as  summarised  by  Prof.  Turner  in  his  paper  on 
" Hardness/'  read  at  the  Iron  and  Steel  institute  meeting  of 
1909,  appear  to  be  that，  although  an  approximato  agreement 
may  seem  to  exist  between  the  various  methods  when  applied 
to  the  case  of  relatively  pure  metals  in  their  cast  or  normal 
state,  yet  wlieu  the  resistance  to  deformation  is  due  to  temper- 
ing or  to  mechanical  treatment  no  comparison  is  possible. 

That  this  should  be  so  would  seem  to  follow  from  the  con- 
sideration that  the  resistance  which  any  so-called  hardness  test 
is  supposed  to  measure  is  that  whicli  tlie  body  under  test 
exerts  against  a  complex  distribution  of  stress  over  its  surface 
which  has  partially  deformed  or  disintegrated  it,  and  it  is 
evident  that  its  value  will  depend,  not  on  the  stress  constants 
of  the  material  such  as  its  yield-point,  ultimate  tensile  and 
shear  stresses,  but  on  intermediate  stresses,  the  precise  nature 
and  distribution  of  which  are  unknown  and  whose  ratio  to  the 
stress  constants  may  not  be  constant  for  the  same  method.  If, 
therefore,  such  resistance,  without  qualification,  be  defined  as 
the  hardness  of  the  material  in  its  broadest  sense,  it  is  clear 
that,  as  pointed  out  in  the  memorandum  to  the  Committee 
communicated  from  the  members  of  Sir  Robert  Hadfield'y 
laboratory  (Appendix  II.),  hardness  is  no  more  a  definite 
quality  of  a  material  than  is  the  strength  of  a  piece  of  steel  of 
definite  dimensions.  In  the  latter  case,  if  the  nature,  amount, 
and  distribution  of  the  stress  are  known,  its  resistance  has  a 
definite  value  which  can  be  calculated.  The  only  difference 
between  this  case  and  that  of  the  hardness  test  is  that,  since  in 
the  determination  of  hardness  there  is  no  possibility  of  esti- 
mating the  stress  niaguitude  and  distribution,  we  are  driven 
more  to  direct  observation  of  the  consequences  of  such  distri- 
bution than  to  a  calculation  of  these  cousequeuces  from  the 
known  characteristics  of  the  material.  Mechanical  phenomena 
of  this  kind  are  familiar  to  engineers  under  other  aspects,  such 
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as  in  the  cases  of  the  resistance  of  ships  and  aircraft  to  pro- 
pulsion ； but  whereas  in  these  latter  cases  the  problem  is  to 
determine  the  resultant  force  exerted  by  the  unknown  pres- 
sure distribution,  in  the  present  case,  as  in  the  corresponding 
one  of  the  resistance  of  materials  to  impact,  the  unknown 
quantity  is  the  ultimate  resistance  of  the  material  to  the 
unknown  stress  distribution.  In  all  the  cases,  however,  the 
practical  method  of  solution  is  an  experimental  one,  and  con- 
sists of  setting  up  a  similar,  or  nearly  similar,  state  of  stress 
on  a  specimen  of  the  material  whose  behaviour  is  under  in- 
vestigation and  noting  its  effects. 

It  cannot,  however,  be  said  that  modern  engineering  prac- 
tice is  entirely  in  accordance  with  the  views  laid  down  above, 
although  the  development  of  what  are  called     wear  "  tests  in 
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of  the  relative  movement  between  rail  and  wheel  and  the  high 
intensity  of  the  compressive  stress  at  the  line  of  contact.  On 
the  other  hand,  there  are  wear  tests  of  lubricated  surfaces  in 
which  the  pressure  is  relatively  small  and  the  rate  of  slipping 
large. 

Notwithstanding  this  development,  there  seems  to  be  no 
doubt  that  with  many  engineers  it  is  still  customary  to  regard 
the  hardness  as  determined  by  an  indentation  test  as  a 
definite  property  of  material,  and  as  a  measure  of  the  resis- 
tance of  the  material  to  wear  of  any  possible  kind  that  is  likely 
to  be  experienced  in  its  use.  In  the  face  of  this  practice  it 
appears  to  be  of  importance  to  determine  under  what  circum- 
stances the  custom  here  referred  to  may  be  flagrantly  mis- 
leading, or  merely  a  rough  guide  which  is  better  than  no  guide 
at  all.  As  pointed  out  in  Sir  Robert  Hadfield's  memoiandum, 
the  use  of  an  indentation  test  in  the  case  of  manganese  steel 
rails  is  highly  misleading  ；  but,  on  the  other  hand,  in  Mr. 
Saniter's  wear  tests  of  ordinary  carbon  steels  the  correspond- 
ence between  the  results  of  the  indentation  and  wear  tests  was 
fairly  close. 

On  looking  into  the  available  evidence  it  appeared  that  the 
ground  hitherto  covered  was  not  sufficient  to  enable  any  broad 
generalisation  to  be  attempted,  and  the  Committee  therefore 
decided,  as  a  preliminary  research,  that  a  comparison  should 
be  made  of  the  results  of  both  hardness  tests  and  wear  tests  of 
materials  whose  composition  and  thermal  and  mechanical  con- 
ditions of  production  extended  over  a  wide  range.  A  series  of 
experiments  for  this  purpose  were  accordingly  undertaken  at 
the  National  Physical  Laboratory. 

On  coiisideratiou  of  the  method  of  wear  test  to  be  adopted, 
the  use  of  the  machine  previously  constructed  in  the  labora- 
tory for  wear  tests  under  rolling  abrasion  suggested  itself.  In 
this  machine  the  specimen  is  in  tlie  form  of  a  disc  lin.  diani. 
and  about  |in.  thick,  which  is  placed  between  three  hardened 
steel  rollers  as  indicated  in  the  sketch,  Fig.  1，  eacli  roller 
being  capable  of  independent  rotation  in  a  practically  friction- 
less  bearing.  The  upper  roller  is  loaded  with  a  weight  W. 
and  its  axis  is  also  free  to  move  in  the  vertical  direction,  so 
that  when  it  is  rotated  motion  is  communicated  to  the  lower 
ones  by  the  rolling  friction  of  the  ring.  By  making  the  ring 
solid  and  the  load  considerable,  the  machine  is  used  for  wear 
tests  under  rolling  abrasion,  or  by  making  the  ring  hollow 
and  using  comparatively  small  values  of  W  the  test  becomes  a 
fatigue  test  under  alternating  bending  stresses.*  Several  pre- 
liminary sets  of  tests  were  made  in  this  machine,  and  the 
results  were  considered  fairly  satisfactory  ；  but  it  was  felt  that 
the  machine  could  not  be  recommended  for  general  workshop 
use  owing  to  the  complication  of  working  parts  and  tlie 
extreme  care  needed  to  prevent  slipping  of  the  steel  rollers  as 
tlie  test  proceeded  and  the  specimen  became  worn.  It  was 
decided,  therefore,  to  make  use  of  some  simpler  form  of  rolling 
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abrasion  test,  and  as  a  Woliler  fatigue-testing  machine  was 
available  which  with  slight  alterations  could  be  adapted  for 
wear  tests  by  the  method  used  by  Mr.  Saiiiter/''"  the  necessary 
modifications  were  put  in  hand. 

In  this  method  the  specimen  is  fixed  in  a  chuck  revolving 
at  a  high  speed  and  carries  a  hardened  steel  ring  (of  internal 
diameter  about  twice  that  of  the  specimen),  to  which  is 
attached  a  dead  load,  and  wear  takes  place  due  to  the  rolling 
of  the  steel  ring  on  the  surface  of  the  specimen,  Fig.  2.  In 
Mr.  Saniter's  machine  the  diameter  of  the  specimen  was  ^in., 
the  internal  diameter  of  the  wearing  ring  was  lin.,  the  speed 
was  4,000  revs,  per  minute,  and  the  load  2051bs.  In  the 
fatigue-testing  machine  adapted  for  the  present  tests,  the 
speed  was  2,200  revs,  per  minute,  the  diameter  of  the  specimen 
was  lin.,  and  that  of  the  ring  Uin.  The  load  was  4101bs.  The 
wear  was  taken  as  the  reduction  in  diameter  in  ten-tliou- 
saiidths  of  an  inch  after  200,000  revs,  of  the  specimen.  As 
it  was  considered  desirable  to  have  a  quantity  to  represent  the 
resistance  to  wear,  this  was  taken  to  be  the  reciprocal  of  the 
above  values  multiplied  by  1,000. 

The  materials  used  for  the  tests  consisted  of  six  differently 
heat- treated  specimens  of  nickel-chromium  steel  containing 

Table  I. 


recent  years  is  an  indication  that  it  is  coiniug  to  be  recognised 
that  the  results  obtained  in  the  relatively  simple  cases  of  stress 
distribution  in  the  indentation  test  or  the  scratch  test  are  not 
applicable  to  those  in  which  the  action  is  a  combination  of  the 
two  effects  of  normal  pressure  and  sliding.  For  example, 
there  are  wear  tests  for  measuring  the  particular  form  of  dis- 
integration which  takes  place  on  the  surface  of  steel  rails  due 
to  the  rolling  abrasion  of  heavily  loaded  wheels.  The  char- 
acteristics of  this  kind  of  wear  are  the  extrenielv  small  amount 
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Fig.  4 Comparison  of  Sanitek  Wkaii  No.  and  Buinell  Hardness  Xo.  on  a 
0.7  PER  Cent.  Cakbon  Steel  (Hoat  troated). 

spending  values  of  the  ball  hardness  test,  determined  in  the 
following  manner  ：  The  ball,  10  mm.  diam"  and  the  specimen 
under  test  were  placed  between  the  compression-plates  of  a 
Wick  stead  testing  machine,  and  the  load  run  on  to  3,000  kilos. 
(W),  and  allowed  to  remain  at  this  value  for  30  seconds.  The 
diameter  of  the  indentation  was  then  measured  in  a  micro- 
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07  per  cent,  carbon  and  two  samples  of  manganese  steel, 
kindly  supplied  by  Sir  Robert  Hadfield.  On  analysis  the 
composition  of  these  steels  was  found  to  be: ― 

C.        Si.       Mn.      Cr.  Ni. 

Hardened  Steel   0*7        ―        ―       2'0       2  5 

Manganese  Steel  ...    136      0*36     1310  ― 

Tlie  results  of  the  rolling  abrasion  tests  on  these  specimens 
are  given  in  Table  L，  in  which  are  also  tabulated  the  particu- 
lars of  the  heat  treatment,  supplied  by  Sir  Robert  Hadfield, 
together  with  Brinell  hardness  tests  and  scleroscope  tests  of 
the  surfaces  before  and  after  wear,  made  at  the  National 
Physical  Laboratory. 

For  convenience  of  comparison  the  results  of  the  rolling 
abrasion  tests  and  the  ball  hardness  tests  on  the  original  sur- 
faces are  also  plotted  in  Fig.  3，  in  which  the  orclinates  are  the 
values  of  the  wear  as  defined  above  and  the  abscissae  the  corre- 

50  7 — n  1  i  r ~  1  i  1— I  1  T  , 


S  w  ^  §i 


1114  2  1  3  2 


03  lo  o  1  1  8 

01098  7  7  7 


oc  8  o  6  7  7  4  tr 

9  9  9  8  7  6  3  4 


December  29,  1916] 


THE    MECHANICAL  ENGINEER. 


499 


meter  microscope,  and  the  area  of  the  in(Ieiit;iti( 
lated  fro.u  the  formula*  ： - 


•alcu 


A  =  2jr  (R"  ―  v/R*  ―  r  R", 
where  R  - ---  radius  of  ball  in  millimetres  and       mean  radius  of 
i'lilentation  in  millimetres.    The  liarciiiess  uuniber  was  then 
, W 


taken  as  the  value  of 


From  inspection  of  Fig.  3  it  will  be  seen  that  the  plotioci 
points  for  the  hardoiietl  steels  lie  faii'lv  well  about  the  straight 


Fig.  5.— Arrangement  of  Sliding  Abkasion  test^ing  Machine. 


line  shown,  and  the  results  may  be  taken  as  an  indication  that 
for  the  same  material  the  resistance  to  rolling  abrasion  is 
roughly  proportional  to  the  ball  hardness  number.  This  is  in 
agreement  with  Mr.  Saniter's  experience  with  the  same 
method  of  test  as  shown  in  Fig.  4，  in  which  his  results  for  a 
0"7  per  cent,  carbon  steel  heat  treated  in  various  ways  are 
plotted.  The  comparison,  however,  is  not  a  safe  one,  as  cases 
frequently  occur  in  which  a  considerable  departure  is  found 
from  this  approximate  relation.  The  extremely  high  value  of 
the  ratio  of  the  rolling  abrasion  resistance  to  ball  hardness 
number  in  the  case  of  the  manganese  steels  confirms  existing 
knowledge  of  the  properties  of  these  steels,  and  is  also  in 
agreement  with  the  results  of  Mr.  Saniter's  tests.  As  illus- 
trating the  important  fact  brought  out  by  Sir  Robert  Had - 
field's  memorandum  that  the  resistance  to  rolling  abrasion  of 
manganese  steels  is  the  resistance  to  deformation  of  already 
deformed  manganese  steel,  which  is  known  to  be  high,  it  will 
be  seen  from  the  values  of  the  scleroscope  hardness  after  roll- 
ing, given  in  Table  I.，  that  in  the  case  of  the  manganese  steels 
this  was  practically  doubled  by  the  rolling,  whereas  that  of  the 
hardened  steels  was  only  increased  by  amounts  ranging  from 
4  to  15  per  cent.  It  is  of  interest  to  note  from  the  figures 
that,  even  when  this  increase  of  hardness  is  allowed  for,  the 
resistance  to  rolling  abrasion  of  the  itianc^anese  steels  is  still 
considerably  higher  than  would  have  been  predicted  from  tlie 
ball  liardiiess  tests. 

As  regards  the  nature  of  the  test,  it  may  be  assumed  that, 
on  first  putting  on  tlie  load,  tlie  yield-point  of  the  material  of 
the  specimen  on  an  extremely  narrow  strip  of  the  surface  of 
contact  is  exceeded,  and  that  slight  deformation  takes  place 
depending  on  the  radius  of  the  wear  ring  and  the  amount  of 
the  load.  After  a  few  revolutions,  therefore,  there  will  be  a 
thin  ring  of  material  round  the  specimen  which  lias  been  per- 
manently strained,  and  whose  resistance  to  deformation  is 
greater  than  that  of  the  original  material.  Wear  will  then 
begin  to  take  place  by  the  gradual  disintegration  of  this  ring 
under  the  repeated  loadings,  and  also  under  the  extremely 
small  but  definite  elastic  slipping  of  the  surfaces  over  each 
other,  which  is  the  well-known  cliaracteristic  of  rolling. 

Another  characteristic  of  the  test  is  that  part  of  tlie 
material  worn  away  during  the  progress  of  the  test  appeared 
to  be  rolled  into  the  surface  again,  and  finally  came  away  in 
flakes.    In  the  description  of  Mr.  Saniter's  machine*  it  is 
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stated  that  tlie  speed  of  the  madiine  is  such  tliat  tlie  ahrafl*?d 
particles  are  re?iioved  by  an  induced  current  of  air.  'I'll is 
e fleet  inay  be  an  aclvantati^e  or  <)t  lierwij^e,  according  to  \  Ik- 
sitnilarity  obtained  to  the  conditions  of  practice.  If  tlie  ('om 
parison  required  is  the  relative  wear  of  steel  rails,  it  would 
appear  that  the  re-rolling  action  is  a  more  exact  copy  of  prac- 
tical conditions  of  use  tliaii  when  it  is  prevented.  It  will  be 
clear,  however,  that  in  this  test  wliat  is  actually  nieasured  is 
the  resistance  to  disintegration  of  already  deformed  material, 
iuut  that,  as  pointed  out  by  Sir  Robert  JJatl field's  memo- 
randum (Appendix  TT.),  this  resistance 
will  depend  on  the  amount  of  the  de- 
t'oniiation  produced,  and  has  little  re- 
lation to  the  material  in  its  unstrained 
condition.  As  regards  the  value  of 
the  Trietliod,  it  was  considered  that  as 
a  means  of  predicting  the  relative  re- 
sistance to  wear  under  conditions  of 
rolling  abrasion  under  heavy  loads, 
i.e.,  such  as  the  wear  of  steel  rails,  the 
test  was  a  comparatively  easy  and 
rapid  method  of  obtaining  the  informa- 
tion desired,  if  the  following  precau- 
tions were  observed  :  (1)  The  fixing  of 
the  specimen  so  that  its  axis  is  accu- 
rately in  line  with  the  axis  of  rotation 
of  the  chuck,  (2)  Frequent  renewal  of 
the  wearing  ring,  and  calibration  of 
each  new  ring  on  a  specimen  of  stan- 
dard material. 

The  reason  for  these  precautions  is 
that  any  slight  vibration  of  the  speci- 
men increases  the  rate  of  wear,  and  this 
vibration  may  be  set  up  by  want  of  alignment  of  the  specimen 
or  by  unequal  wear  of  the  wearing  ring. 

From  the  foregoing  discussion  of  tlie  characteristics  of  the 
rolling  abrasion  test,  there  appeared  to  be  some  probability 
that  although  its  results  were  applicable  to  cases  of  wear  due 
to  high  pressure  and  very  small  relative  motion,  they  might 
not  be  applicable  to  cases  of  the  wear  of  surfaces  in  which  the 
pressure  is  relatively  small  and  the  amount  of  relative  move- 
ment is  large.  This  appears  from  the  consideration  that  in 
the  latter  case  no  permanent  deformation  corresponding  to  the 
yield-point  is  reached  over  the  surface  exposed  to  wear,  but 
that  by  the  relative  sliding  small  particles  are  bodily  detached 
without  permanently  distorting  the  surrounding  particles. 
This  is  the  case  of  the  wear  of  workshop  gauges,  hardened  steel 
pins  and  collars,  &c.    It  was  decided,  therefore,  as  the  next 


Fig.  6. 


-Detail  showing  .spjocimkn,  Application  of  Load,  Flexible  Coupling, 
AND  Chuck. 


step  to  attempt  to  devise  some  form  of  wear  test  which  would 
apply  to  cases  in  which  the  relative  movement  of  the  surfaces 
was  considerable.  A  system  of  toothed  gearing  connecting 
tlie  abrading  ring  and  the  specimen  first  suggested  itself,  but 
on  going  into  the  design  the  mechanical  arrangements  were  so 
complicated  and  costly  that  the  machine  was  not  put  in  hand. 
Finally,  the  idea  occurred  of  connecting  the  abrading  ring 
(internal  diameter  D)  to  the  chuck  by  means  of  an  Oldhain 
coupling,  so  tliat  both  ring  and  specimen  (diameter  d)  should 
complete  a  revolution  in  the  same  time,  the  line  of  contact 
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remaining  fixed  relative  to  the  machine.  In  this  way  7tT> 
inches  of  the  surface  of  the  ring  and  rrd  inches  of  the  surface 
of  the  specimen  passed  the  line  of  contact  per  revolution,  the 
slip  of  the  ring  over  the  specimen  would  be  n  (D  ―  d)  inches 
per  revolution.  The  chief  practical  difficulty  of  the  device 
appeared  to  be  the  difficulty  of  lubricating  the  sliding  surface 
of  the  Oldham  coupling  so  that  it  would  run  satisfactorily  at 


methods,  there  was  very  little  evidence  in  the  sliding  abrasion 
test  of  that  gradual  liardeniiig  of  the  surface  as  the  test  pro- 
ceeded which  was  so  characteristic  of  some  materials  under 
the  rolling  abrasion  test.  This  was  shown  by  making  tests 
with  the  scleroscope  on  the  surfaces  before  and  after  abrasion. 

As  might  have  been  anticipated,  an  important  condition 
affecting  the  rate  of  wear  was  the  freedom  of  the  surfaces  from 
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2,200  revs,  per  minute,  and  it  was  evident  that  if  the  amount 
of  sliding  was  large,  that  is,  D  considerably  greater  than  d, 
tliere  was  a  strong  probability  that  seizing  would  occur.  The 
chances  of  successful  working  appeared  sufficient,  therefore,  to 
justify  a  trial  of  the  nietliod,  and  a  design  was  got  out.  The 
details  of  the  machine  are  shown  in  Figs.  5  and  6.  The  cross- 
piece  of  the  coupling  was  made  of  brass  with  four  slots  on 
each  side  to  make  the  wearing  surface  fairly  large.  On  the 
completion  of  the  machine  some  preliminary  tests  were  made 
with  different  rates  of  slip,  and  it  was  found  that  with  a  load 
of  4101bs.  the  sliding  surface  of  the  coupling  worked  satisfac- 
torily up  to  a  slip  of  a  quarter  of  an  inch  per  revolution  of 
the  specimen,  but  that  beyond  this  value  there  was  a  tendency 
to  seize.  The  tests  were  accordingly  carried  out  at  this  value 
of  the  slip.  The  results  were  quite  satisfactory,  but  it  was 
evident  that  if  the  tests  were  to  be  comparable  with  the  wear 
of  tools,  gauges,  pins,  &c.，  it  would  be  necessary  to  prevent  the 
action  referred  to  when  discussing  the  previous  tests,  by  which 
some  of  the  abraded  particles  were  continually  re-rolled  into 
the  surface.  This  was  accordingly  done  by  directing  a  strong 
air  blast  from  a  compressor  on  to  the  surface  of  the  specimen 
during  tlie  whole  of  the  test.  By  this  means  the  abraded 
particles  were  removed,  and  any  rise  of  temperature  in  the 
specimen  was  prevented. 

The  results  of  the  tests  by  this  method,  which  may  be 
called  a  sliding  abrasion  test,  were,  in  one  important  particu- 
lar, ill  marked  contrast  to  those  obtained  by  the  rolling  abra- 
sion method,  in  that  they  indicated  a  possibility  of  making  a 
wear  test  without  gradually  impairing  the  condition  of  the 
worn  surfaces.  For  example,  taking  an  extreme  case,  even 
when  the  loads  on  the  wearing  rings  were  the  same  in  the  two 


the  slightest  trace  of  lubricant.  In  the  early  stages  of  the 
work  it  was  found  that  occasionally  a  little  oil  was  carried  over 
from  the  air  compressor  by  the  compressed  air,  with  the  result 
that  the  test  was  a  complete  failure,  and  it  was  not  until 
special  precautions  had  been  taken  to  keep  the  surfaces  dry 
that  consistent  results  were  obtained.      Under  these  condi- 
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tions,  however,  repetitions  of  the  tests  on  the  same,  specimen 
were  in  very  good  agreement. 

It  was  considered,  therefore,  that  for  tlie  object  of  the 
present  investigation,  ■'、  j'"  the  comparison  of  the  results  of  the 
ordinary  ball  laardness  tests  with  those  of  a  wear  test  of  a 
satisfactory  character,  tlie  machine  here  described  would  be 
quite  suitable,  and  a  series  of  tests  on  a  wide  range  of  mate- 
rials was  carried  out.      A  large  number  of  these  materials 
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were  kindly  provided  by  Sir  llolx'rt'  I  IjullicKl,  who  also  iimit' 卜 
took  the  ha rdeiiiii*^  of  tlie  special  wearing  ring  used  for  the 
tests.  1  n  addition,  tests  were  also  nuide  on  some  samplct^  of 
steel  used  for  the  nuinufaot ure  of  gauges  and  other  uiattM-ial 
available  at  the  N.  P.  L.  for  the  purpose  of  the  work. 

The  deterniiiiations  made  on  these  samples  were  as  follows  : 
( 1 )  The  Brinell  hardness  mmiln"'  for  tiie  unworn  surface 
(calculated  as  described  above).  (2)  The  Ih'iiiell  hardness 
number  for  the  worn  surface.  (3)  The  scleroscope  number 
for  the  unworn  surface.  (4)  The  scleroscope  nuinber  for  tlie 
worn  surface.  (5)  The  wear  expressed  as  thickness  of  surface 
layer  worn  away  in  millimetres  per  1,000  feet  of  slip.  (6)  The 
relative  resistance  to  sliding  abrasion  or  the  reciprocal  of  the 
quantities  in  column  5.  (7)  llatio  of  Brinell  hardness 
number  to  scleroscope  number.  (8)  Ratio  of  Brinell  hardness 
number  to  resistance  to  sliding  abrasion.  The  values  are 
tabulated  in  the  order  stated  in  Table  II. 

The  load  on  the  wear  ring  at  which  these  tests  were  carried 
out  was  the  same  as  in  the  previous  tests  with  the  rolling 
abrasion  tests,  namely,  4101bs.  The  reason  for  using  a  high 
value  of  the  load  iji  the  sliding  abrasion  tests  was  that, 
although  a  satisfactory  rate  of  abrasion  could  be  obtained 
witli  loads  as  low  as  lOOlbs.,  the  wear  of  the  specimen  was 
much  more  uniform  when  the  higher  pressure  was  used.  At 
the  low  pressures  there  was  a  tendency  for  the  specimen  to 
become  elliptical,  so  that  the  determination  of  the  wear  was 
difficult.  The  adoption  of  the  high  value,  on  the  other  hand, 
undoubtedly  caused  the  relatively  small  hardening  up  of  tlie 
surface  of  the  specimen  which  was  detected  in  a  few  instances 
under  sliding  abrasion. 

(To  hr  nmtiti  turl.) 


MECHANICAL  DESIGN  OF  ELECTRIC  LOCOMOTIVES.* 

BY  A.  F.  BATCHELDRR. 

Important  features  in  the  mechanical  design  of  electric  loco- 
motives are,  in  the  order  of  their  importance  :  (1)  Safety  of 
operation.  (2)  Adaptability  to  service  conditions.  (3)  Relia- 
bility in  service,  (4)  Convenience  of  arrangement  as  affecting 
safety  and  efficiency  of  operation.  (5)  Power  efficiency 
(affected  by  mechanical  design).  (6)  Service  time  factor 
(ratio,  time  available  for  service  to  total  time).  (7)  Cost  of 
maintenance  of  permanent  way.  (8)  Cost  of  maintenance  of 
locomotives.    (9)  First  cost, 

Safefij  of  0 peraiioH . ― The  steam  locomotive,  has  been 
developed  to  such  a  state  of  perfection  that  it  can  operate 
at  near  80  m.p.h.  with  perfect  safety  :  but  no  one  would  think 
of  operating  at  this  speed  backwards.  With  the  coming  of 
the  electric  locomotive,  the  railroad  operator  is  not  content 
with  single-end  operation,  but  must  have  a  locomotive  that 
will  operate  equally  well  in  either  direction.  This  does  not 
impose  any  serious  difficulties  in  the  design  of  locomotives  for 
speeds  under  50  m.p.h.,  but  for  higher  speeds  it  requires  very 
careful  consideration  of  running-gear  details,  to  obtain  the 
most  satisfactory  results  as  to  tracking  and  eflect  oii  rails  and 
road  bed. 

The  steam  locomotive  lias  now  wliat  seem  to  be  natural 
characteristics  to  allow  high-speed  operation  in  one  direction. 
These  characteristics  are  low  centre  of  gravity  at  the  front 
end  carried  on  the  centre  pin  of  a  2-axle  guiding  truck  tend- 
ing to  prevent  rolling  over  and  having  but  little  effect  on  the 
guiding,  and  high  centre  of  gravity  at  the  rear  end  with  in- 
side journal  bearings  allowing  the  locomotive  to  roll  and 
increasing  the  time  element,  which  thus  reduces  and  dis- 
tributes the  lateral  pressure  against  the  rail  over  a  longer 
distance  and  increases  the  vertical  pressure  on  the  rail,  thus 
holding  the  locomotive  more  firmly  in  place.  These  same 
characteristics  can  be  obtained  in  electric  locomotives  by  the 
sacrifice  of  double-end  operation. 

The  advantages  gained  in  operating  the  electric  locomotive 
ill  either  direction  are  so  important  that  means  should  be 
provided  for  satisfactory  double-end  operation.  One  way 
of  doing  this  is  by  using  a  4-wlieel  guiding  truck  at  each 
end  of  the  locomotive.  With  the  use  of  the  extra  truck, 
however,  the  importance  of  a  high  centre  of  gravity  largely 
disappears.     The  lateral   pressure  against  the  rail  at  the 
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rear  end  now  appears  a  I  llic  truck  flaii^'cs  railier  iliaii  al  the 
llan^es  o i'  the  driving  wheels,  and  ilie  hi^li  centre  of  gravity 
MO  longer  provides  tlio  same  in('n"ise(l  vortical  ])reHsure  on  tlie 
outer  rail  at  the  point,  of  ilic  m;iximim，  lateral  preHHure. 
The  lateral  stresses  Irom  guiding  the  main  frame  being 
taken  at  the  centre  pin  of  the  two  guiding  trucks,  the  addi- 
tional vertical  pressure  on  the  outer  rail  is  dependent  upon 
the  height  of  tliese  centre  pins  rather  than  upon  ilu; 
of  the  ceil  Ire  of  gravity  of  the  main  frame  above  tlie  wheel 
hubs,  thus  leaving  less  advantage  to  l)e  derived  from  a  lii^li 
centre  of  gravity. 

The  paj)er  shows  that  while  ilie  swivel  truck  is  desirable 
as  a  guiding  agent  at  the  front  end,  it  is  not  so  desirable  at 
the  rear  end,  and  means  must  be  provided  to  prevent  oscil- 
lation of  the  truck  and  to  accomplish  the  same  results  as  the 
high  centre  of  gravity  in  a  single-end  locomotive.  For  this 
it  is  necessary  to  reduce  tlie  momentum  eflect  and  to  repro- 
duce the  equivalent  of  the  time-element  factor  and  of  in- 
crease of  vertical  pressure  on  the  outer  rail  that  is  charac- 
teristic of  the  high  centre  of  gravity  single-end  locomotive. 

The  III  omenta  111  effect  can  be  reduced  by  introducing 
resistance  against  swivelling,  thus  restricting  the  truck  from 
oscillating  from  one  side  to  the  other  of  the  track.  The 
amount  of  this  resistance  is  determined  by  the  allowable 
amount  that  can  safely  be  applied  to  the  truck  when  leading. 
To  reproduce  the  time- element  factor,  lateral  movement  can  be 
given  to  the  truck  centre  pin  by  any  of  tlie  several  methods 
for  giving  lateral  movement  to  the  leading  truck  centre  pins 
on  locomotives.  However,  the  writer  has  obtained  the  best 
results  with  the  method  that  is  the  nearest  to  constant  pres- 
sure and  dead  beat,  as  it  also  tends  to  prevent  oscillating. 

To  increase  the  vertical  pressure  on  the  outer  rail,  the 
centre  bear  in  of  the  truck  can  be  made  wide,  thus  allowing  the 
vertical  component  of  the  lateral  pressure  at  the  centre  of 
gravity  to  be  transferred  through  the  bearing  to  the  w!ieel, 
or,  with  the  narrow  centre  bearing,  the  height  may  be  made 
such  that  the  lateral  pressure  at  that  point  will  result  in  an 
increased  vertical  component  independent  of  the  height  of  the 
centre  of  gravity. 

It  is  the  writer's  opinion  that  the  double-end  locomotive, 
while  its  characteristics  are  different,  can  be  designed  for  high 
speed  with  safety  equal  to  the  single-end  locomotive^  and  this 
regardless  of  the  height  of  the  centre  of  gravity. 

,1  (J<( pfdhilif tj  to  Service  Conditions, —— The  electric  locomo- 
tive, besides  being  required  to  operate  in  either  direction,  is 
often  also  required  to  be  adapted  for  operating  high-speed 
passenger  trains  and  heavy  low-speed  freight  trains  over  main- 
line tracks,  to  negotiate  sharp  curves,  and  to  be  easy  on  light 
track  and  bridge  structures.  With  locomotives  having 
geared  motors,  the  requirement  of  operating  tlie  passenger 
and  freight  trains  can  often  be  met  by  changing  the  gearing 
to  obtain  the  proper  speed  and  drawbar  pull.  The  running 
gear  can  be  made  with  trucks  of  short  wheel  base  and  coupled 
together,  the  /lumber  of  trucks  depending  upon  the  required 
weight  of  the  locomotive  for  its  maximum  drawbar  pull,  and 
also  on  the  allowable  weight  per  axle.  With  such  a  design 
curves  of  very  short  radius  can  be  operated  over,  and  the 
weight  per  axle  can  be  such  as  to  allow  operation  over  light 
structures. 

IteJiahilif If  in  Service. —— When  the  design  is  such  that  it  i? 
safe  to  operate  at  the  required  speeds  and  is  proper  for  the 
curves  and  other  service  requirements,  and  liberal  factor  of 
safety  is  provided  for  the  parts  subjected  to  strain,  reliability 
in  service  affected  by  the  mechanical  part  of  the  locomotive 
depends  mainly  upon  the  bearings,  their  lubrication,  and  the 
method  of  power  transmission  from  the  motors  to  the  drivers. 
It  is  necessary,  therefore,  to  provide  effective  lubrication  and 
as  few  bearings  and  as  simple  driving  mechanism  as  the  design 
of  the  motors  will  allow. 

Convenience  of  ArratKjement  as  A  ffecfing  Safety  and 
I'Jfficiencj/  of  Operation. ― After  providing  all  the  safety  appli- 
ances recommended  by  the  Interstate  Commerce  Commission, 
it  is  important  to  arrange  for  the  most  convenient  location 
of  the  operator  to  allow  】iim  an  unobstructed  view  of  the 
track  and  signals,  to  place  within  his  easy  reach  the  air-brake 
valve  and  locomotive  signal  device  handles,  as  well  as 
the  reverse  and  power-controlled  handles,  keeping  in  mind 
the  importance  of  making  them  so  free  from  complication 
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that  the  operator  will  require  the  least  amount  of  thought  to 
manipulate  any  of  the  devices  and  be  left  free  to  respond 
to  signals  and  look  out  for  emergencies.  The  arrangement  for 
housing  the  electrical  apparatus  and  its  position  in  the  cab 
must  be  governed  largely  by  its  design,  but  it  is  important 
to  arrange  it  so  that  its  cperating  parts  are  accessible  and  easy 
to  inspect,  and  at  the  same  time  are  protected  against  persons 
coming  in  contact  with  anv  live  parts. 

Power  Efficiencij. ― The  power  efficiency  as  affected  by 
mechanical  design  is  governed  largely  bv  the  type  of  tracticm 
motors.  It  is  apparent  that  the  gearless  motor  inomit'ed 
directly  on  the  axle  allows  the  design  of  maximum  efficiency 
ou  account  of  its  few  bearings  and  absence  of  gearing  and 
moving  parts.  The  gearless  motor  mounted  on  a  quill  and 
driving  through  springs  to  the  wheels  may  be  considered 
second  in  its  possibilities  for  high-efficiency  design,  it  having 
additional  bearings  and  a  greater  number  of  moving  parts. 
The  single-reduction  geared  motor  with  its  additional  bearings 
and  gear  losses  can  be  given  third  place  in  efficiency  design  : 
the  single-reduction  geared  motor  driving  throng] i  gears  and 
side  rods  to  the  wheels  may  be  placed  fourth,  and  the  gearless 
motor  driving  through  side  rods  and  jackshaft  to  the  wheels 
fifth. 

Service  Time  Factor. —— The  service  time  factor  is  dependent 
upon  the  ability  of  the  locomotive  to  operate  under  all  service 
conditions  and  without  undue  strains,  wliicli  requires  a  liberal 
design  of  its  wearing  parts.  In  addition  to  this  it  depends  on 
the  simplicity  of  design  of  the  locomotive  and  the  ease  with 
which  its  parts  can  be  inspected,  adjusted,  repaired,  or  re- 
placed. 

Cost  of  Mdinfenance  of  Permanent  Wa//. —— The  cost  of 
maintenance  of  permanent  way  can  be  increased  or  reduced 
by  the  design  of  the  locomotive.  The  lowest  cost  is  obtained 
when  the  locomotive  meets  its  service  requirements  without 
undue  strains,  when  the  rotating  parts  are  balanced,  the 
weights  per  axle  are  suitable  for  the  structures,  a  suitable 
equalising  system  provided  to  maintain  the  proper  weight  dis- 
tribution, and  provision  made  to  protect  against  flange  wear. 

Cost  of  Mainferiance  of  Loroviotives. _ The  cost  of  main- 
tenance of  the  locomotive  is  dependent  upon  safety  of  opera- 
tion, adaptability  to  service  conditions,  reliability,  convenience 
of  arrangement,  and  the  same  items  that  enter  into  its  service 
time  factor.  It  is  also  governed  by  the  same  conditions  as 
affect  the  maintenance  of  permanent  way.  The  care  with 
which  the  material  is  selected,  the  quality  of  workmanship, 
ease  with  which  the  parts  can  be  inspected,  adjusted,  repaired 
or  replaced,  and  simplicity  of  design  govern  maintenance  cost. 

Fir.st  Cost. ― This  will  depend  largely  upon  the  design 
chosen,  but  its  importance,  except  at  the  time  of  purchase,  be- 
comes of  little  moment  when  taking  into  consideration  the 
eight  foregoing  features.  With  two  locomotives  designed  for 
the  same  service,  tlie  cost  of  the  difference  in  efficiency  and 
locomotive  maintenance  alone  for  one  year  may,  when  capi- 
talised, amount  to  a  considerable  proportion  of  the  first  cost  of 
one  of  the  locomotives. 

Too  much  importance  cannot  be  given  to  developing  to 
the  utmost  the  mechanical  part  of  the  electric  locomotive. 
From  the  present  outlook,  the  locomotive  for  high-speed  pas- 
senger service  with  gearless  motor  with  armature  mounted 
directly  on  the  axle,  and  the  locomotive  for  freight  and 
switcliing  service  with  single-reduction  geared  motor  mounted 
on  and  geared  to  the  axle,  lend  themselves  best  to  simple  de- 
sign and  low  cost  of  maintenance. 

In  making  these  comments  the  writer  does  not  criticise 
tlie  work  of  any  other  designer.  The  conclusions  lie  has 
reached  are  drawn  from  experience  with  his  own  designs  of 
tlie  various  types  referred  to. 

World's  Output  of  Graphite.— Interest  in  grai)hite  at  pre- 
sent is  widespread.  According  to  tlie  Canadian  Mining  Insti- 
tute "Bulletin,"  the  two  principal  forms  in  which  the  mineral 
is  found  are  amorphous  and  crystalline,  the  former  bein^ 
very  common.  The  world's  production  statistics  for  1912, 
the  latest  available,  are  (in  tons)  as  follows  ：  Ceylon  36,660， 
Canada  2,060,  South  Africa  42,  Austria  50,017，  Madagascar 
3,011,  United  States  3,835,  Mexico  3,158.  Korea  and  Japan 
8,363,  Germany  13,814,  Italy  14,517,  Sweden  87，  Norway  285, 
France  661 ,  giving  a  total  of  136,510  tons. 


PREVENTING  THE  CORROSION  OF  PIPE, 

BY  F.  N.  SPELLKR. 

Casual  observation  will  show  very  marked  differences  in  the 
degree  of  corrosion  of  pipe  in  service.  For  instance,  hot-water 
heating  systems  show  practically  no  deterioration  in  service 
after  25  years,  while  low-pressure  steam  returns  sometimes 
give  trouble  after  15  years'  service  or  less.  Galvanised  pipe 
in  hot-water  supply  systems,  where  the  water  is  heated  under 
pressure,  lasts  from  about  five  years  upwards,  depending  on 
the  temperature  and  quality  of  the  water  and  volume  of  flow. 
The  last-named  condition  is  also  severe  on  iron  and  steel  pipe. 
These  few  instances  are  the  extremes,  but  are  surely  sugges- 
tive when  we  consider  that  in  pipe  carrying  ordinary  water 
under  some  conditions  there  is  no  apparent  deterioration  in 
a  generation  ；  whereas  in  other  cases,  the  same  grade  of  pipe 
is  seriously  damaged  in  a  very  few  years. 

Some  years  ago,  when  steel  pipe  was  comparatively  un- 
known and  no\  fully  developed,  it  was  natural  to  question 
this  material,  but  comparisons  of  the  modern  wrought  iron 
and  steel  pipe  in  the  same  lines  in  service  have  shown  beyond 
any  question  tliat  where  corrosion  is  found  one  material 
suffers  on  the  average  as  much  as  the  other. 

It  has  been  the  custom  of  the  writer  to  keep 
several  service  tests  under  way  continuously  for  the 
past  few  years.  In  every  case  the  co-operation  of 
some  local  engineer  or  organisation  is  sought  under 
whose  immediate  direction  the  test  is  conducted.  One 
of  the  most  recent  to  be  completed  may  be  described  as 
an  example  of  the  method  pursued  in  conducting  such  tests. 
This  test  was  made  in  the  Pennsylvania  building,  Phila- 
delphia. Four  standard  grades  of  pipe  of  well-known  manu- 
facture were  selected  and  four  pieces  of  each  taken  at  random 
and  coupled  together  alternately  so  that  the  hot  water  passed 
through  each  sample  at  the  same  temperature.  The  pipe  used 
in  the  tests  was  taken  from  the  hot-water  return  line,  installed 
in  the  form  of  a  box  coil  October  27th,  1913，  and  was  removed 
November  20tli,  1915.  The  temperature  of  the  water  averaged 
175°  Fall.  The  calculated  amount  of  water  passing  through 
the  pipe  was  5,000  gals,  per  day  for  600  days.  The  average 
depth  of  pitting  for  the  steel  pipe  was  0.0665，  and  for  the  iron 
pipe  0"0695.  The  inside  of  pipe  is  subject  to  peculiar  con- 
ditions not  to  be  compared  with  external  corrosion,  and  the 
inside  surface  is  particularly  vulnerable  in  that  protective 
coatings  are  difficult  to  apply,  therefore  more  liable  to  be 
defective. 

Consider  for  a  moment  the  situation  in  a  hot-water  heat- 
ing system  and  a  hot-water  supply  system  where  the  tempera- 
ture of  the  water  is  about  the  same.  It  is  evident  that  the 
water  alone  is  not  responsible  for  the  results  observed,  but 
rather  something  brought  in  with  the  water.  The  hot-water 
heating  lines  have  started  to  rust  and  then  the  action  has 
apparently  stopped,  while  in  hot-water  supply  lines  the  action 
is  continuous  and  rapid  :  so  much  so,  that  if  the  pipe  does  not 
fail  by  leaking  it  may  be  plugged  up  tight  with  the  reddish 
hydroxide  of  iron.  The  only  way  to  account  for  this  accumu- 
lation of  oxide  of  iron  is  through  the  oxygen  in  solution  in 
the  cold  feed  water,  amounting  to  6  cub.  cm.  to  10  cub.  cm. 
per  litre  according  to  the  temperature  and  quality  of  the 
water.  This  very  small  percentage  of  oxygen  is  apparently 
the  measure  of  the  destructive  power  of  the  water  and 
accounts  for  the  fact  that  a  limited  volume  of  water  has  no 
serious  action  on  iron,  whereas  when  this  water  is  renewed 
continually,  especially  when  heated,  the  results  are  liable  to 
be  most  disastrous.  It  will  be  useful  to  consider  the 
mechanism  of  corrosion  before  discussing  ways  and  means  for 
preventing  this  action. 

All  water  supplies  carry  more  or  less  foreign  matter  in 
solution.  What  are  usually  considered  the  purest  natural 
water  supplies  are  generally  saturated  with  oxygen  and  car- 
bonic acid,  which  cause  such  waters  to  be  very  corrosive,  par- 
ticularly when  heated.  Iron  in  all  its  forms  is  soluble  in 
water  to  the  amount  of  a  few  parts  per  million,  depending  on 
its  composition  and  that  of  the  water.    In  this  paper,  in  re- 

*  Paper  pvesented  at  the  recent  annual  meeting  of  the  American  Society  of 
Heatinj^  and  Vontiilating  Engineers. 
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t'ei'rinuf  to  water  in  comioction  witli  corrosion,  it  will  be  iinder- 
stooil  to  include  domestic  supplies  of  the  usual  decree  of 
purity.  CMienucally  pure  water  does  not  o('rm'  in  ii;",ur,、，  and 
therefore  may  be  omitted  from  consideration. 

Tlie  phenomenon  oF  solution  is  now  generally  explained  as 
an  electro-chemical  reaction.  When  pieces  oF  zinc  and  copper 
are  connected  together  and  suspended  in  water,  a  current  of 
electricity  starts  to  flow  through  the  water  from  the  zinc  to 
the  copper.  The  zinc  is  termed  the  anode,  and  the  copper  the 
cathode.  While  the  currenl  (lows  the  zinc  goes  into  solution, 
the  amount  dissolved  being  proportional  to  the  current  accord- 
ing to  Faraday's  law.  If  we  replace  tlie  zinc  with  a  piece  of 
iron,  a  current  flows  in  the  same  direction  and  iron  will  be 
found  ill  solution.  Suppose  we  now  replace  the  copper  with 
another  piece  of  iron.  A  small  cim'ent  of  electricity  will  still 
flow,  but  not  necessarily  in  tlie  same  direction,  this  depending 
upon  the  relative  surface  condition  of  tlie  two  pieces  of  iron. 

It  is  this  small  current  flowing  between  one  piece  of  iron 
and  another  under  water  which  causes  iron  to  enter  solution, 
and  this  is  now  recognised  as  the  initial  reaction  of  corrosion. 
Solution  is  hastened  by  carbonic  acid  and  mineral  salts  in 
solution,  as  these  make  the  water  a  better  electrolyte.  How- 
ever, it  has  been  proved  that  iron  will  dissolve  to  some  extent 
in  the  purest  water  that  lias  yet  been  made.  If  the  iron  is 
exposed  to  nothing  but  water  this  reaction  will  soon  cease, 
due  to  the  accumulation  of  hydrogen  at  the  cathode  causing 
polarisation  ；  and  this  is  what  actually  happens  in  practice  in 
hot-water  heating  and  other  systems  in  which  the  water  and 
consequently  the  supply  of  free  oxygen  is  not  renewed. 
On  the  other  hand,  when  oxygen  is  present  it  combines  with 
the  hydrogen,  depolarising  the  surface  of  the  iron  and  thus 
causing  solution  of  the  iron  to  continue.  Oxygen  enters 
further  into  the  reaction  by  combining  with  the  ferrous  hy- 
droxide to  form  insoluble'  ferric  hydroxide,  generally  known 
as  rust.  With  an  unlimited  supply  of  water  and  oxygen,  corro- 
sion will  continue  until  the  iron  is  all  converted  into  the  form 
of  ferric  hydroxide. 

So  far  most  of  the  authorities  are  agreed  as  to  the  cause  of 
corrosion,  although  there  has  been  considerable  scientific  argu- 
ment as  to  whether  a  trace  of  carbonic  acid  (CO^)  is  neces- 
sary or  not  for  the  solution  of  iron.  For  all  practical  purposes 
we  can  let  this  question  rest  and  combine  the  acid  and 
electrolytic  theories  into  one,  as  outlined  above,  which  affords 
the  best  explanation  of  the  observed  facts  available  at  this 
time. 

Ever  since  the  electrochemical  theory  of  corrosion  was  pro- 
posed by  Whitney  in  1903  there  has  been  a  division  of  opinion 
as  to  the  cause  of  the  difference  of  potential  observed  between 
two  pieces  of  iron.  The  majority  at  first  assumed  that  this 
was  due  to  variation  in  composition  of  the  metal,  and  the 
manufacture  of  iron  of  a  high  degree  of  purity  in  the  open 
hearth  furnace  was  heralded  with  great  expectations  as  to 
durability.  So  far,  after  several  years  of  trial  it  lias  not 
been  found  that  such  iron  is  so  well  adapted  for  the  manufac- 
ture of  pipe  as  the  grade  of  soft  weldable  steel  now  generally 
used  for  this  purpose. 

In  the  year  1904  the  writer  started  a  study  of  the  potential 
differences  as  found  on  the  surface  of  iron  of  various  composi- 
tions, and  has  invariably  found  just  as  much  difference  in 
potential  on  the  surface  of  very  pure  iron  as  on  steel  or 
wrought  iron  of  ordinary  commercial  quality.  Subsequent 
observations,  covering  several  years  of  service  with  pure  iron, 
open  hearth  and  Bessemer  steel,  and  wrought  iron  of  the 
quality  required  for  the  manufacture  of  wrought  pipe,  have 
confirmed  the  conclusion  expressed  by  the  writer  after  his 
earlier  experiments,  namely,  that  composition  has  very  little 
to  do  with  the  rate  of  corrosion  of  these  metals  under  water. 
It  should  be  remembered,  however,  that  conditions  of  under- 
ground or  inside  pipe  lines  are  not  the  same  as  they  are  when 
exposed,  so  that  these  conclusions  do  not  apply  to  materials 
subjected  directly  to  atmospheric  conditions,  such  as  metal 
roofing,  which  is  another  problem. 

The  tests  and  experiments  referred  to  indicate  that  diffe- 
rences in  finisli  and  density  of  the  material,  particularly  the 
character  of  the  mill  scale  and  how  firmly  it  is  attached, 
usually  determine  wliere  corrosion  starts  and  how  it  proceeds. 
The  difference  of  potential  due  to  surface  influence  was  found 
to  be  many  times  greater  than  that  due  to  variations  in  compo- 


sition in  the  ordinary  run  of  steel,  and  predmninated  over  all 
other  influences  in  nearly  every  case.  These  coiichisions  were 
tested  in  the  inosl  critical  manner,  and  have  since  hccri  I'orm' 
out  hy  service  tests  of  several  years'  duration. 

Among  the  'surface  influences  which  directed  the  course  oF 
corrosion  it  was  found  that  rust,  when  once  formed,  was 
nearly  as  potent  as  mill  scale  in  it's  effect  on  corrosion.  Some 
recent  work  by  Mr.  James  Aston,  M.E.,  of  the  U.S.  liureau  of 
Mines,  confinns  these  conclusions,  but  goes  further  in  showing 
tliat  the  influence  of  rust  in  some  cases  is  to  render  the  metal 
underneath  the  rust  anodic.  As  the  mill  scale  is  always  tlio 
cathode,  there  is  every  reason  to  believe  that  we  may  liavo  in 
certain  places  on  the  surface  nearly  double  the  difference  of 
potential  which  was  expected  and  this  without  reference  to 
the  actual  composition  of  the  iron  or  variations  thereof. 
Everything  seems  to  point  to  this  explanation  of  the  cause 
of  pitting  as  being  the  true  one.  Under  some  conditions  of 
service  in  water  lines  or  boilers  it  frequently  happens  that  the 
tubes,  which  prove  to  be  of  a  high  standard  of  quality  as 
regards  chemical  composition,  structure,  and  physical  j) roper- 
ties  of  the  metal,  have  rapidly  pitted  through  in  places.  Tlie 
difference  of  potential  and  the  current  which  thereby  flowed 
from  the  exposed  places  to  the  firmly  attached  mill  scale, 
especially  after  the  exposed  metal  becomes  covered  with  rust, 
affords  a  satisfactory  explanation  of  the  rapid  pitting  observed 
in  such  cases.  The  current  flowing  between  two  points  on  the 
surface  of  a  piece  of  iron  is  very  difficult  to  measure  accu- 
rately ； however,  we  have  frequently  observed  currents  as 
high  as  one  niilli-ampere  flowing  between  steel  electrodes  in 
McKeesport  city  water,  one  plate  being  clean  and  the  other 
covered  with  mill  scale.  Some  typical  readings  between  plates 
of  the  same  area  made  with  a  milli- ammeter  having  an  internal 
resistance  of  eight  ohms  are  shown  in  the  table  below. 


Elecf roli/ffy  M cKeesporf  City  Wafer. 


Submerged  area 

of  plate 
in  square  inches. 

Current  in 
milli-amps. 

Cxirrent  divided 
by  the  square  root 
of  the 
area  of  plate. 

Distance  between 
plates. 

0-155 

0-07 

0,18 

1 

0-338 

0-10 

0.16 

1 

1G43 

0-25 

0-20 

1 

3-875 

0-48 

0-24 

1 

16-430 

098 

0-24 

1 

0-OG2 

0-06-0-09 

8 

0-342 

014-018 

\ 

1&-430 

2-02 

8 

It  might  seem  at  first  that  these  currents  are  too  small  to 
cause  serious  damage.  A  rough  calculation  based  on  these 
experiments  will  indicate  the  ultimate  result  from  such  cur- 
rents acting  continuously  with  certain  submerged  areas  of  elec- 
trodes. One  aj?upere  acting  for  six  mouths  will  dissolve  lOlbs.  of 
iron  or  a  plate  12iii.  by  12in.  by  \\n.  One  milli-ampere  acting 
for  six  months  will  dissolve  0*144  sq.  in.  of  this  plate,  making 
a  hole  about  ^in.  diam.  by  ^in.  deep.  On  the  other  hand, 
O'l  milli-ampere  acting  for  60  months  will  perforate  this 
plate  with  a  hole  of  the  same  size.  This  rate  of  pitting  is  not 
so  far  different  from  that  experienced  under  some  conditions 
of  service.  Tlie  remedy  seems  to  lie  in  the  elimination  of  dis- 
solved oxygen  from  water  before  use.  This  may  be  accom- 
plished in  practice  in  at  least  two  ways,  by  allowing  the  hot 
water  to  come  to  rest  for  a  few  minutes  under  greatly  reduced 
pressure,  or  by  fixing  the  free  oxygen.  As  no  reliable  data 
could  be  found  on  the  amount  of  oxygen  retained  in  solution 
in  water  at  various  temperatures  and  pressures,  a  series  of 
experiments  were  run  to  determine  these  constants.  Evidently 
the  pressure  must  be  reduced  below  normal  or  the  tempera- 
ture raised  nearly  to  the  boiling  point  with  the  water  at 
atmospheric  pressure  to  get  proper  separation  of  oxygen  and 
other  gases. 

An  alternative  method'  of  reducing  corrosion  in  water 
lines  by  satisfying  or  "  fixing  "  the  free  oxygen  was  tried  out 
by  the  writer  several  years  ago,  using  clean  iron  turnings.  It 
was  found  difficult  to  get  the  scrap  free  from  oil,  and  after 
rusting  had  progressed  for  some  time  there  was  a  tendency 
for  the  mass  to  cake  together  and  so  impede  the  flow.  By 
using  sheet  iron,  so  formed  as  to  provide  a  large  number  of 
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cliannels  with  about  ]in.  clear  passage  through  "'hicli  the  hot 
water  slowly  percolates,  we  expect  that  these  difficulties  will  be 
overcome.  The  rate  of  rusting  varies  with  the  surface  con- 
dition of  the  plates,  becoming  more  rapid  as  the  surface  is 
covered  with  a  good  coating  of  oxide.  The  speed  of  rusting 
is  50  per  cent,  more  rapid  at  1  lOlbs.  per  square  inch  press;ire 
than  at  atmospheric  pressure,  and,  of  course,  the  time  required 
to  "  fix  •，  the  free  oxygen  of  the  water  varies  with  the  amount 
of  surface  of  metal  exposed  per  cubic  foot  and  other  con- 
ditions, which  are  liable  to  vary. 

Oil  this  principle,  two  small  plants  have  been  equipped 
to  carry  out  this  method  of  treatment  in  practice.  These 
systems  were  installed  at  places  where  considerable  trouble  has 
already  been  developed  through  the  clogging  and  corrosion 
of  galvanised  pipes.  These  plants,  which  have  only  been 
operating  a  short  time,  show  a  reduction  of  oxygen  contents 
from  8  cub.  cm.  or  9  cub.  cm.  per  litre  to  0"1  cub. 
cm.  to  1  cub.  cm.  per  litre,  according  to  the  rate 
of  flow  and  temperature.  At  present  it  seems  desirable  to 
design  the  plant  so  tliat  tlie  oxygen  contents  will  be  less  than 
1  cub.  cm.  per  litre  at  all  times,  at  which  point  corrosion  seems 
to  be  reduced  to  a  negligible  amount.  Some  more  definite 
data  on  this  point  will  be  available  after  these  plants  have 
been  in  operation  for  several  months.  The  indications  are 
that  the  rate  of  rusting  of  the  plates,  and  hence  the  efficiency 
of  the  apparatus,  will  increase  with  time.  Water  should  be 
in  contact  with  the  plates  for  at  least  ten  minutes. 

Similarly,  the  corrosion  of  low-pressure  steam  lines  will 
be  found  to  depend  principally  on  the  amount  of  oxygen 
which  finds  access  to  the  system.  The  return  lines  naturally 
suffer  the  most,  and  are  usually  the  first  to  sliow  failure.  Con- 
densed water,  when  freed  from  oxyg^en  in  solution,  is  harm- 
less, and  will  not  even  tarnish  bright  iron  after  months  of 
exposure  ；  but  this  water,  on  account  of  its  great  purity,  has 
greater  capacity  for  solution  of  oxygen  than  the  average 
natural  water,  and  is  therefore  apt  to  be  very  corrosive  when 
aerated.  This  may  be  prevented  in  large  measure  by  using  an 
open  feed-water  heater  and  keeping  the  water  over  185°  Fall. 

Ill  some  cases  the  surface  of  the  pipe  may  be  protected 
with  a  film  of  oil  deposited  from  the  steam.  The  writer's 
attention  was  recently  called  to  the  satisfactory  results  ob- 
tained in  some  buildings  using  exhaust  steam  which  on 
investigation  was  accounted  for  by  the  thin  film  of  oil  found 
on  the  inside  of  these  pipes.  This  was  such  an  interesting 
matter  that  we  made  some  tests  in  the  research  laboratory 
on  long  lines  of  new  pipe,  and  found  that  mineral  lubricating^ 
oil,  when  dropped  into  a  pipe  carrying  steam  under  pressure 
at  the  rate  of  two  drops  per  minute,  was  carried  forward  in 
a  fine  state  of  division,  and  in  a  few  minutes  was  found  con- 
densed in  a  u niform  film  in  the  pipe  aBout  160ft.  from  the 
lubricator.  While  this  simple  means  of  protection  would 
perhaps  be  objectionable  in  some  cases,  there  are  many  steam 
heating  systems  where  the  oil  could  do  no  harm,  and  might 
result  in  considerably  prolonging  the  life  of  the  lines.  Of 
course,  nothing  but  a  good  grade  of  mineral  lubricating  oil 
should  be  used,  and  the  supply  should  be  regulated  by  a  re- 
liable si^ht  feed  lubricator. 

Summarising  very  approximately  the  influence  of  various 
factors  on  corrosion,  it  appears  from  the  experience  we 
have  at  present  that  developments  in  the  metallurgy  and 
manufacture  of  steel  pipe  promise  to  add  50  or  perhaps  100 
per  cent,  to  the  life  of  pipe  compared  with  the  service 
obtained  u nde^  like  conditions  10  or  12  vears  ago- 


Graphic  Methods  for  the  Solution  of  Electric  Railway 
Problems. ― I"  an  effort  to  overcome  the  difficulties  attendant 
ujKjn  tlio  use  of  analytical  methods  in  the  solution  of  electric 
railway  problems  involving  tlie  characteristics  of  motive 
power,  A.  M .  Buck,  of  the  Engineering  Experiment  Station, 
University  of  Illinois,  has  developed  a  series  of  graphical 
rnetliods  which  supply  an  accurate  and  easy  means  of  attack 
applicable  to  any  possible  combination  of  electric  motor 
characteristics  and  any  range  of  conditions  which  may  be  met 
in  practice.  Diagrams  have  been  developed  to  set  forth  th o 
relationship  between  motor  current  and  speed,  between 
current  and  tractive  effort,  betv/een  speed  and  tractive  effort, 
between  speed  and  time,  &c.  The  results  of  Prof.  Buck's 
studies  are  set  forth  in  Bulletin  No.  90  of  the  Engineering 
Experiment  Station. 


NELSON'S  GAS  PRODUCER. 

We  illue^trate  herewith  a  design  of  gas  producer,  the  inven- 
tion of  Mr.  Lionel  Nelson,  Hunter  Street,  Wellington,  New 
Zealand.  Fig.  1  is  a  vertical  section  and  Fig.  2  a  sectional  plan 
of  the  producer  ；  Fig.  3  is  a  section  through  the  top  of  the 
generator  at  right  angles  to  the  section  shown  in  Fig.  1. 
The  generator  is  of  rectangular  section ,  with  an  air  distri- 
butor F，  also  of  rectangular  section,  so  that  the  sides  are  as 
nearly  as  practicable  equi-distant  from  the  sides  of  the  gene- 
rator. This  air  distributor  has  its  upper  end  covered  with  a 
reversed  V-shaped  roof,  and  near  the  top  of  its  sides  it  is  pro- 
vided with  air  passages  G  to  admit  air  within  the  pipe  from 
an  air  supply  above.  It  has  a  large  outlet  at  its  lower  end, 
■which  allows  air  to  pass  down  through  it  at  a  low  rate,  so 
tliat  no  intense  local  heat  is  caused  which  forms  clinkers.  Tlie 
air  distributor  is  of  sufficient  depth  to  reach  to  or  a  little 
below  the  surface  of  the  incandescent  it  ass  ，  and  is  arranged 
in  the  distillation  zone  of  the  producer,  and  above  the  com- 
bustion zone.    It  serves  the  double  purpose  of  introducing 


Nelson's  Gas  Piiouucer. 

gas  to  the  combustion  zone,  and  so  regulating  the  feeding  of 
the  furnace  with  coal  as  to  automatically  "trim"  the  fuel, 
thereby  creating  natural  air  ducts  at  each  wall  of  the  pro- 
ducer, in  each  corner,  and  also  clown  the  centre  of  the  fuel 
bed.  The  steam  for  mixing  with  the  air  is  supplied  from  a 
vaporiser  tube  comprising  a  part  H，  wliicli  surrounds  the 
grate,  and  lateral  extensions  J  and  K,  the  former  ending  out- 
side in  a  syphon  water  seal,  and  the  latter  issuing  into  the 
pipe  L,  the  upper  end  of  which  communicates  with  the  top 
of  the  generator,  a  clamper  being  arranged  at  M.  A  fan  N 
is  branched  on  to  the  pipe  L  for  tlie  supply  ot  air  to  the 
generator. 

Brick  pedestals  support  the  grate,  which  has  an  open 
bottom,  through  which  clinker  falls  or  may  be  poked  down, 
and  thence  through  a  discharge  pipe  0，  and  can  readily  be 
withd rawn  through  a  water  lute,  which  prevents  air  entering 
the  bottom  of  the  generator  and  mixing  with  the  gas.  Any 
ashes  that  fall  through  the  sides  of  the  grate  pass  down 
through  the  ash  pipes  P  into  the  water  seal.  The  grate, 
being  cone-shaped,  forms  a  larger  area  than  a  flat  grate, 
facilitating  the  downward  passage  of  the  gas  out  through 
between  the  bars.  Tl;e  distillation  zone  Q.  the  combustion 
zone  R，  the  reduction  zone  S，  and  the  ash  zone  T  are  shown 
approximately  in  their  respective  positions. 

The  generator,  wliich  acts  on  the  clown-draught  principle, 
is  operated  as  follows  ：  When  the  plant  is  working  with  the 
damper  M  closed,  the  air  is  fed  to  the  producer  by  the  fan 
N  and  tlie  pipe  L.    The  necessary  steam  is  produced  in  the 
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vaporiser  II，  the  steam  issuing  through  the  open  end  of  tlie 
vaporiser,  and  discharging  into  the  lower  end  of  the  pipe  I j. 
The  steam  is  drawn  aloiii;-  pipe  L,  and  mixing  with  the  air 
supplied  through  the  t'jin  N  is  introduced  into  the  top  of  the 
producer,  and  thence  through  the  fuel  and  slotted  holes  rouiui 
top  edge  of  air  distributor  F  to  the  centre  of  the  coinbusiioii 
zone.  The  gas  on  its  way  downwards  passes  through  the 
incandesceut  zone,  the  reduction  zone,  ash  zone,  and  furnace 
bars,  and  issues  from  the  generator  through  the  passages  U, 
discharging  thence  into  the  scrubber.  In  the  process  of  com- 
bustion the  tar  is  driven  off  in  the  form  of  vapour  from  the 
fuel  at  the  top  of  the  fuel  space  in  the  generator,  and;  is 
drawn  or  driven  through  the  bed  of  incandescent  fuel 
beneath.  The  tarry  vapours  meet  in  this  incandescent  fuel 
with  a  supply  of  air  or  air  aud  steam,  which  is  supplied 
through  the  distributor  F  at  the  depth  above  referred  to, 
which  ensures  the  combustion  of  these  tarry  vapours,  and 
renders  them  innocuous.  The  tai'i^y  vapours  are  partially 
driven  off  upwards  under  the  slight  pressure  due  to  the  heat 
in  the  combustion  zone,  and  mingle  with  the  air,  and  pass 
dowu  with  it  through  the  distributor  F,  as  this  is  the  path  of 
least  resistance,  thus  ensuring  thorough  mixing  before  enter- 
ing the  incandescent  zone,  and  causing  a  very  efficient  com- 
bustion. The  tarry  vapours  that  do  not  pass  through  the 
distributor  pass  down  with  air  outside  the  latter  into  the 
incandescent  zone，  and  are  there  consumed.  In  the  event 
of  any  partially-consumed  fuel  finding  its  way  into  the  ash 
duct,  or  when,  due  to  faulty  operation  of  the  plant,  the  fire 
zone  has  crept  too  high  up  in  the  producer,  air  may  be 
admitted  below  the  grate  through  the  auxiliary  pipe  V，  in 
order  to  blow  up  the  fire，  and  has  the  effect  of  lowering  the 
fire  to  its  proper  level. 


ALUMINIUM  CASTINGS  AND  FORCINGS.* 

BY  P,  E.  MCKINNEY. 

In  the  manufacture  of  light  castings  the  following  properties 
might  be  cited  as  most  desirable  :  (a)  Low  specific  gravity  ； 

(b)  a  fair  amount  of  strength  and  freedom  from  brittleness  ； 

(c)  good  machining  properties  ；  (d)  the  maximum  resistance  to 
corrosion  ；  (c)  good  casting  qualities  and  freedom  from  hoL 
shortness. 

It  is  a  well-known  fact  that  pure  aluminium  is  entirely 
too  soft  to  produce  satisfactory  castings  for  most  purposes, 
and  it  is  the  universal  practice  to  stiffen  up  the  alloy  with 
some  hardening  element.  Probably  the  most  widely  used 
hardener  for  aluminium  is  copper,  which  is  used  at  the  rate 
of  about  8  per  cent,  of  copper  to  92  per  cent,  of  aluminium. 
Zinc  and  tin  are  also  frequently  used  as  hardeners.  The  use 
of  these  hardeners  is  attended  with  some'  well-recognised 
objections.  In  the  first  place  the  addition  of  from,  8  to  10  per 
cent,  of  hardener  partially  defeats  the  purpose  of  using  alu- 
minium, in  that  the  specific  gravity  is  materially  increased. 
The  hardened  metal,  while  fairly  strong,  has  a  strong  ten- 
dency to  brittleness,  and  the'  alloys  are  in  most  cases  less 
resistant  to  corrosion  than  either  of  the  component  metals. 
Hot  shortness  in  the  case  of  intricate  castings  is  another 
feature  attendant  to  the  use  of  these  hardeners. 

In  the  ninth  annual  report  of  the  Alloys  Research  Com- 
mittee, Dr.  W.  Rosenhain  and  F.  C.  A.  H.  Lantsberry  have 
published  some  very  interesting  data  on  the  influence  of  man- 
ganese on  aluminium  alloys,  which  demonstrates  beyond  a 
doubt  that  these  combinations  have  great  promise  in  the  pro- 
duction of  light  alloys.  Various  combinations  containing 
manganese  with  or  without  copper  and  with  a  minimiLni 
aluminium  content  of  95  per  cent,  have  been  used  in  actual 
foundry  practices  for  the  last  two  years  with  the  most  gratify- 
ing results.  The  use  of  manganese  in  relatively  small  quanti- 
ties hardens  and  strengthens  the  alloy  without  destroying 
its  ductility  as  is  the  case  with  copper  or  zinc.  The  machining 
properties  are  excellent,  and  the  comparatively  small  amount 
of  hardener  used  makes  possible  a  specific  gravity  in  the 
finished  alloy  from  *35  to  '40  less  than  that  of  the  ordinary 
No.  8  alloy.  When  properly  made  these  alloys  are  practically 
free  from  hot  shortness,  and  the  most  intricate  castings  can 
be  produced  with  cormparative  ease. 

*  Paper  roncl  before  the  American  Instibuto  of  Motals. 


The  statement  has  frequently  been  made  that  for  the  suc- 
cessful |)ro(h",tioii  of  good  aluminium  alloys  i1  is  necessary 
to  have  available  special  moiling  furnaces  and  devices  for 
handling  the  metal.  This  has  not  been  found  to  be  the  case 
ill  handling  the  alloys  of  aluminium  containing  manganese, 
which  can  be  melted  in  natural  draught  pit  furnaces,  pro- 
vided ordinary  precautious  are  used  in  melting  and  fluxing 
the  metal.  The  most  satisfactory  method  oi*  introducing  the 
liardening  elements  is  first,  by  alloying  theni  with  a  small 
amount  of  aluminiuin,  making  a  rich  hardener  of  definite 
proportions  and  comparatively  low  melting  point. 

The  most  dangerous  impurities  encountered  in  aluininiuni 
alloys  are  carbon,  silicon,  and  iron,  hence  the  greatest  precau- 
tion should  be  taken  to  prevent  introduction  of  these  impuri- 
ties either  in  the  metal  used  or  through  the  medium  of 
crucibles  and  tools.  With  this  in  view  carbonless  manganese 
produced  by  the  Thermit  process  has  been  used  exclusively 
for  this  purpose.  This  is  alloyed  with  copper  when  alumi- 
nium-copper-mangaiiese  is  being  made  by  melting  60  per  cent, 
copper  and  iutroducing  40  per  cent,  of  manganese  in  small 
pieces,  heating  until  the  two  metals  have  combined,  which  is 
seen  by  the  smooth  condition  of  the  surface  of  the  metal. 
This  alloy  can  then  be  diluted  with  an  equal  weight  of  alumi- 
nium to  reduce  the  melting  point，  although  it  is  perfectly 
feasible  to  use  copper-manganese  direct.  In  making  the  alloy 
of  manganese  without  copper  80  per  cent,  aluminium  is  first 
melted,  brought  to  a  bright  cherry  red,  and  20  per  cent,  man- 
ganese added  in  very  small  pieces.  The  alloy  should  be 
poured  as  soon  as  the  manganese  is  all  dissolved. 

In  melting  aluminium  alloys  clay  crucibles  or  clay-lined 
crucibles  are  preferable.  No  charcoal  or  carbonaceous  covering 
is  used  on  the  metal,  as  carbon  combines  with  this  alloy, 
forming  a  very  brittle  compound.  Gates  and  sprues  from 
castings  must  be  carefully  cleaned  and  freed  from  sand,  as 
practically  all  the  sand  introduced  into  the  pot  is  reduced  to 
silicon,  which  materially  weakens  the  alloy.  In  cases  where 
there  is  danger  of  introducing  sand  into  the  crucible,  it  kas 
been  found  very  beneficial  to  introduce  a  powdered  flux, 
which  is  made  by  melting  together  60  per  cent,  of  potassium 
chloride  and  40  per  cent,  of  kryolitc,  and  powdering  the  mix- 
ture. This  flux  tends  to  dissolve  the  silica  and  keeps  it  from 
combining  with  the  aluminium. 

Ill  preparing  the  alloy  for  casting  purposes  an  empty 
crucible  is  set  in  the  furnace  and  heated  to  a  bright  red  heat. 
The  requisite  amount  of  hardening  allay  is  added  and  melted 
as  quickly  as  possible.  As  soon  as  the  hardener  is  melted  the 
draught  is  cut  down  by  opening  the  cover  of  the  furnace  and 
aluminium  is  added  in  small  increments  as  fast  as  it  will  melt, 
timing  the  additions  so  as  to  keep  the  temperature  of  the 
mixture  at  not  more  than  a  faint  red  heat.  The  crucible  is 
drawn  from  the  furnace  just  before  the  last  of  tKe  aluininium 
is  melted  in  order  to  prevent  the  metal  becoming  overheated. 
This  is  a  very  important  point,  as  overheated  aluminium  will 
absorb  silica  from  the  walls  of  the  crucible  at  a  very  rapid 
rate,  and  it  has  been  found  that  once  overheated  this  alumi- 
nium is  practically  worthless  for  future  use.  Just  before 
pouring  there  is  added  to  contents  of  crucible  about  one- 
fourth  ounce  zinc  chloride,  and  the  metal  is  thoroughly 
stirred  with  a  clay-covered  skimmer.  This  zinc  salt  tends  to 
reduce  the  oxides  and  dross  in  the  metal  and  puts  it  in  ideal 
condition  for  casting  purposes.  Alloys  of  aluminium  con- 
taiiiing  manganese  have'  a  slightly  greater  shrinkage  than 
those  containing  copper  alone,  and  due  allowance  must  be 
made  by  using  ample  risers  and  chill  plates  on  intricate 
castings. 

The  elastic  ratio  of  this  alloy  as  determined  by  the  drop 
of  the  beam  of  the  testing  machine  will  average  about  60  per 
cent,  of  ultimate  strength.  The  fracture  of  test  specimens  is 
silky  and  shows  considerable  toughness  instead  of  being 
granular  and  brittle,  as  is  the  case  with  many  aluminium 
alloys.  Castings  are  practically  free  from  hot  shortness,  and 
it  has  been  found  to  be  perfectly  feasible  to  make  castings 
with  very  thin  webs  without  any  trouble  due  to  this  cause. 
Alloys  of  aluminium  containing  manganese  have  been  found 
to  work  very  freely  either  by  cold  rolling  or  hot  forging,  and 
many  intricate  shaped  drop  forgings  have  been  produced  by 
its  use. 

The  following   are    results   of   tensile   tests    of  coupons 
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from  saiid-cast  aluminium  castings  taken  at-  random  from 
recent  heats  ： — 


Manganese.  1  -oU  ])er  cent.  ；  copper,  2  -OO  per  cent.  :  aluminium 
9()  00  fer  cent. 


Tensile  Strength, 

Elongation, 

lbs.  per  sq.  in. 

per  cent,  in  2 in. 

Z 丄，' 'V_n  / 

1  (J  U 

22,01 »{) 

u-o 

21. (»()() 

8-0 

19,000 

9-5 

19,0(10 

14-7 

1 9.( )( K ) 

14-0 

21,000 

13 -0 

22,()0(» 

12-0 

21,(KJ() 

10-0 

]9.()(K) 

120 

1S,0(}() 

13-0 

In  preparing  the  alloy  for  forging  purposes  the  same  pre- 
cautions are  observed  in  melting  and  pouring  the  ingots  as 
in  the  case  of  sand  castings.  The  same  type  of  ingot  moulds 
as  are  used  for  bronze  forging  ingots  are  suitable  for  alumi- 
nium. The  ingot  moulds  are  heated  to  about  500^  Fah. 
and  given  a  thin  coating  of  orange  shellac  to  produce  a  clean 
skin.  The  metal  should  be  carefully  skimmed  and  poured 
very  quickly  in  order  to  prevent  cold  shots  due  to  the  low 
temperature  at  which  it  must  be  poured. 

In  making  drop  forgings  from  aluminium  a  little  pre- 
liminary forging  is  very  desirable.  The  ingot  can  be  cut  or 
cropped  to  the  desired  lengths  and  forged  to  approximate 
shape  at  a  temperature  of  from  l，150O  to  l，400O  Fah.,  after 
which  they  can  be  finished  in  the  dies.  These  alloys  flow  with 
ease  during  forging,  and  dies  have  been  found  to  fill  very 
nicely  in  all  cases.  Forging  dies  of  the  same  type  as  are  used 
for  tobin  bronze  forgings  are  perfectly  satisfactory  for  alu- 
minium work. 

The  stiffness  and  strength  of  the  forged  material  can  be 
controlled  by  varying  the  finishing  temperature.  Consider- 
able stifl'ness  and  elasticity  can  be  ini parted  to  the  forgings 
bv  two  or  three  blows  of  the  forging  dies  at  about  500^  Fah. 
The  following  are  typical  physical  properties  obtained  on  bars 
of  this  alloy  forged  to  lin  square,  and  turned  to  standard 
size  tensile  specimens. 

Soft  alloy  containing :  Manganese,  100  per  cent.  ；  copper, 
2*00  per  cent.  ；  aluminium,  96"50  per  cent. 


Tensile 
Strenfitli. 

Yioki 
Point. 

Elonf^afcion. 

Bed uc Hon. 

Cold  finished    . . 

27,750 

27,750 

12-00 

47-00 

Hot  finished    . . 

21,08：] 

12,22.3 

2()-7 

48.7 

Intermediate    . . 

25,(117 

22,918 

17,4 

52-00 

Hard  alloy  containing :  Manganese,  2*00  per 
per,  3*00  per  cent.;  aluminium,  94*50  per  cent. 

cent.  ；  cop- 

Tensile 
Strength. 

Yield 
Point. 

Elongation. 

Keduction. 

Cold  finished    . . 

.-；1,9：)0 

.-30,000 

9-75 

Cold  finished    . . 

；34,12；5 

；3；3,000 

4-00 

11  -25 

Cold  finished    • . 

.30,405 

.•JO.OOO 

11-2.-) 

.'；()•  7« 

Hot  finished    • . 

27,450 

15,000 

？ 1-9.-) 

•>(；•() 

Intermediate    . . 

28,070 

22,000 

21  ■()() 

50 -4 

Sections  cut  from  thin  drop  forgings  which  were  cold- 
finished  have  shown  tensile  strength  as  high  as  40,0001bs. 
per  square  inch.  The  forged  material  machines  very  nicely 
and  shows  a  fine  silky  fracture  when  broken.  The  increased 
density  of  the  metal  produced  by  forging  makes  it  a  great 
deal  more  resistant  to  sea-water  corrosion  than  the  cast  alloy. 
Several  drop  forgings  of  these  alloys  are  now  undergoing 
service  tests  on  ships  at  sea  to  determine  their  resistance  to 
corrosion  and  reports  thus  far  received  are  very  promising. 
Considering  the  low  specific  gravity  of  tliese  alloys  together 
with  the  strength  and  ductility  obtainable  the  material  com- 
pares very  favoural)ly  with  the  heavier  bronze  and  brass 
forging  materials  for  many  purposes. 


THE  ECONOMIC  OUTLOOK  AND  THE  LABOUR  PROBLEM.* 

BY  F.  W.  LANCHESTER. 

(Co/irl  aded  from  pa  ye  J^HS,) 
I  HAVE  said  that  behind  the  men's  doctrine  of  restriction  of 
production  there  is  something  more  tlian  is  apparent  on  the 
face  of  things.  The  true  reason  why  the  doctrine  of  restricted 
output  has  found  so  much  support  amongst  organised  labour 
is  that  although  restricted  output  is  demonstrably  injurious, 
and  to  be  regarded  as  the  curse  of  the  country,  of  tliei  Nation 
and  the  State,  the  particular  trade  to  which  the  men's  organi- 
sations have  applied  restriction  have  sometimes  been  seen  to 
flourish  like  a  green  bay  tree,  at  least  as  gauged  by  the  pro- 
sperity of  the  wage  earner.  The  reason  lor  this  is  simple, 
lake  the  bricklaying  trade,  for  example  ；  in  this  I  am 
credibly  infonned  that  the  maximum  number  of  bricks  which 
it  is  permitted  for  one  man  to  lay  is  one-third  of  what  a  man 
can  lay  and  one-tenth  what,  with  a  little  organisation  and 
assistance,  a  bricklayer  by  way  of  record  has  laid.  Now  in 
this  trade  there  is  a  moiiopoiy,  free  trade  or  no  free  trade  we 
cannot  import  houses  whole,  so  that  if  the  bricklayers  decide 
that  they  will  have  a  certain  weekly  wage  for  laying  a  certain 
number  of  bricks,  and  if  they  by  force  or  persuasion  can  pre- 
vent socalled  blacklegs  from  coming  in  to  do  tlie  work,  they 
are  able  to  enforce  their  own  terms.  Let  us  suppose  that 
their  wages  are  increased  50  per  cent,  and  the  number  of 
bricks  they  lay  is  half  of  what  they  would  have  laid  under 
unrestricted  conditions.  Their  standard  of  living  increases  at 
a  bound  by  50  per  cent.  But,  from  the  time  of  the  combina- 
tion forward,  every  man  building  a  house  with  bricks  has  to 
pay  three  times  what  he  did  before  for  the  laying  of  the 
uricks,  and  every  man  who  lives  in  a  house  so  built  has  to  pay 
three  times  as  much  rent  on  that  particular  portion  of  the 
cost  of  the  house  as  he  otherwise  would.  So  far  the  resulting 
difference  is  not  noticeable  amongst  the  community  at  large, 
just  as  it  would  not  be  noticeable  if  I  received  a  penny  per 
annum  from  every  man,  woman,  and  child  in  the  country, 
the  country  would  not  be  perceptibly  impoverished,  but  丄 
should  become  a  millionaire.  So  in  the  case  of  the  first  trades 
union  to  organise,  the  impoverishment  of  the  country  is  not 
perceived,  but  the  workers  in  that  particular  trade  are  able 
to  live  like  fighting  cocRs. 

But  the  same  does  not  continue  to  apply  when  trade  after 
trade  becomes  organised.  It  is  evident  that  if  every  trade 
and  every  worker  in  the  country  were  to  do  the  same  as  my 
imaginary  bricklayers  have  done,  there  would  be  a  shortage  in 
the  total  production,  and  as  it  would  be  expressed  the  cost  of 
living  would  have  gone  up  more  than  the  wages.  Is  not  this 
just  what  was  being  discovered  prior  to  the  war  ？  There  had 
been  an  investigation  as  to  the  cost  of  living,  and  during  the 
period  under  investigation  it  transpired  that  the  cost  of  living 
liad  gone  up  almost  exactly  to  the  same  extent  as  the  rate  of 
wages.  Precisely  what  ought  to  have  been  expected,  and  yet 
the  attitude  taken  by  the  men's  leaders  was  that  the  employer 
having  been  made  to  pay  what  by  some  process  of  thought 
was  described  as  a  "  fair  or  living  wage and  had  been  forced 
to  grant  better  conditions  of  employment,  the  scoundrelly 
capitalist  had  put  the  prices  of  things  up  so  that  the  working 
man  was  no  better  off  than  before  ！  One  cannot  seriously 
hope  for  a  great  deal  when  this  type  of  thought  obtains 
currency. 

But  the  worst  has  not  been  said.  The  most  serious  detri- 
mental consequence,  so  far  as  the  State  is  concerned,  is  the 
fact  that  there  is  a  number  of  trades,  perhaps  a  minority, 
which  cannot  organise  without  extinction.  They  are  trades 
in  which  low-priced  labour  on  the  Continent  and  cheapness 
of  transit  permit  of  keen  external  competition.  Those 
employed  in  such  trades  find  themselves  receiving  wages  un, 
if  I  may  say  so,  the  old  or  lower  scale,  that  is  to  say,  the 
scale  before  the  inflation  due  to  the  big  labour  combinations. 
But  on  the  other  side  of  the  ledger  they  may  have  to  pay 
rent  on  houses  built  by  men  of  the  bricklayer's  union,  men 
of  the  plasterer's  union,  almost  every  other  portion  of  the 
house  has  had  to  pay  wages  on  the  enhanced  basis.  When 

*  A bR tract  of  presidential  address  dclivcrod  b('fon，  the  Junior  Institution  of 
Ent^ineers,  Dccciuber  lltli,  1916. 
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they  buy  bread  it  is  baked  l)y  men  wlio  belong  to  a  union,  and 
so  fortli.  It  is  quite  true  that'  uumy  of  these  unions  liavo 
never  seriously  u{)set  t  he  nat  ural  conditions  of  lalxnu",  1  hat 
is  as  regulaied  by  the  law  ol'  supply  ami  demand,  but  on  t  lm 
other  hand  in  niaiiy  cases  this  is  not  so,  and  there  is  no  (Inula 
that  today  these  unorganised  and  unprotected  iiidust ties, 
paid  on  what  I  have  referred  to  as  the  lower  scale,  are  having 
to  buy  half  the  necessities  of  life  on  a  scale  to  which  their 
own  wages  do  not  in  any  way  correvspond.  It  is  unnecessary 
to  catalogue  a  number  of  these  trades,  but  the  East  End 
clothing  trade  is  an  example.  The  term  of  opprobrium 
*'  sweated  ，'  labour  is  commonly  used  in  connection  wit h  tlieso 
trades. 

As  I  see  it,  Uierefoi'e,  the  j)resent-day  trades  unionism  in 
its  most  aggre«5sive  form  is  inimical  to  the  country's  welfare. 
Put  bluntly,  it  consists  of  a  conspiracy  of  persons  to  hold  up 
industry  for  their  own  personal  gain  and  benefit.  What 
before  the  days  of  the  niodeni  phase  of  organised  labour  was 
the  recognised  factor  in  the  payment  of  different  industries  ^ 
It  was  the  natural  law  of  supply  and  demand.  If,  for  example, 
an  expansion  took  place  in  any  given  t  rade  there  was  a  deinaiid 
tor  labour,  and  the  wages  stood  at  a  relatively  high  figure.  Any 
man  in  an  analogous  trade  who  thought  he  could  change 
with  advantage  would  endeavour  to  do  so,  and  there  were  no 
serious  obstacles  in  the  way.  Any  man  who  had  sons  to  place 
in  a  trade  of  some  kind  would  look  round  him  and,  other 
things  being  equal,  would  choose  that  trade  which  appeared 
to  have  the  best  prospects  of  remuneration  and  the  best  assur- 
ance of  employment.  In  this  way  there  was  an  equilibriuin 
between  one  trade  and  another,  and  one  could  say  that, 
ignoring  the  slight  inequalities  of  employment  from  time  to 
time  due  to  the  adjustments  in  course  of  progress,  the  rate 
of  pay  in  any  trade  would  be  comparable  to  any  other  trade 
in  the  same  district,  if  account  were  taken  of  the  relative  hard- 
ships experienced  or  the  relative  difficulty  or  skill  required  in 
the  work.  Is  this  condition  still  allowed  to  continue  ？  The 
answer  is  no.  Many  of  the  trade  organisations  have  put,  and 
attempted  to  put,  restrictions  on  the  entering  of  their  trade 
ill  order  to  artificially  maintain  their  own  position.  It  is, 
I  think,  evident  to  any  fair-minded  man  that  the  fact  of  such 
restrictions  being  necessary ― they  are  not  merely  restrictions 
to  prevent  unskilled  persons  coming  in in  itself  implies  that 
the  union  has  created  an  exceptionally  favourable'  position 
for  its  membership,  and  bears  out  the  contention  that  it  is 
in  fact  levying  a  tax  on  the  community. 

My  own  belief  is  that  the  rank  and  file  of  the  workers  do 
not  know  exactly  in  what  manner  their  policy  of  restricted 
output  operates,  they  are  not  conscious  of  tlie  fact  that  in 
drawing  a  given  wage  for  a  restricted  output  they  are  doing 
their  fellows  an  injustice.  It  only  conies  home  to  them  even- 
tually, when  they  Hnd  that  other  trades  have  done  the  same, 
and  that  when  they  are  buying  the  goods  they  have  to  pay 
a  higher  figure.  Even  then  I  do  not  suppose  they  realise, 
if  they  happen  to  be  members  of  one  of  the  earlier  unions,  that 
it  is  merely  tit  for  tat,  that  they  have  been  putting  the  price 
up  against  somebody  else,  and  now  somebody  else  is  returning 
the  ■  compliment.  The  reason  for  this  ignorance  is，  I  think, 
to  be  attributed  to  the  very  indirect  way  in  which  the 
increases  in  the  cost  of  production  finally  affect  the  consumer. 
It  is  commonly  a  roundabout  path  of  great  complexity.  For 
example,  the  boiler  maker  gets  higher  wages,  the  price  of 
boilers  increases,  the  man  who  buys  a  boiler  pays  a  high  figure, 
and  his  boiler,  both  as  a  capital  charge  and  in  dej^reciatioii, 
stands  higher  on  his  books.  His  product,  which  may  be 
machine  tools,  becomes  affected  and  his  machine  tools  sold  to 
another  firm  stand  at  a  higher  capital  charge  and  a  bigger 
depreciation  item,  and  so  on.  Tlie  final  item  bringing  the 
matter  home  to  the  consumer  may  be  fourth  or  fifth  hand,  and 
the  classes  of  consumer  may  be  widespread.  In  addition  to 
this,  of  course  every  small  increase  does  not  produce  aii 
amount  which  can  be  recorded  in  the  selling  price-  of  an 
article,  so  that  several  trades  might  become  organised,  and 
the  cost  of  articles  might  increase  without  the  consumer  being 
saddled  with  it  till  some  considerable  time  afterwards.  A 
selling  price  usually  goes  up  in  jerks,  whereas  the  production 
price  may  go  up  in  infinitesimals.  There  is  a  big  cushion 
between  cause  and  effect  in  the  "  reserves  '，  of  companies,  the 
temporary  reduction  of  dividends,  but  sooner  or  later  the 
fundariiental  economic  fact  asserts  itself,  that  the  coiiununity 
cannot  consume  what  they  do  not  produce. 


T  liavo  dealt  with  tlie  emn  ornic  as  poet  of  tlie  suhjoct  at 
consideriible  leiigt'li  because  I  tliiiik  thai  great  hoiK^it  would 
result  if  t.ho  economic  side  of  tlie  question  is  uiHJoisiood  clearly 
by  those  upon  whose  Ixaiiis  aiul  skill  the  i'uture  of  ou r  indus- 
tries so  largely  relies.  The  greatest  hope  for  the  future  that 
1  can  see  is  that  the  country  at  large  may  become  alive  to 
these  broad  questions  of  economics.  I  am  sure  that,  if  the 
country  were  better  informed  on  this  subject,  it  would  go  a 
great  way  towards  checking  the  fallacies  which  ]  have  done 
my  best  to  expose.  T  confess  that  one's  hopes  and  ardour  are 
somewhat  damped  when  one  meets  j)eo])le  who  talk  glibly  of 
the  fact  that  '  money  must  circulate,"  as  an  excuse  for  extra- 
vagance, as  if  the  circulation  of  money  makes  the  individual 
prosperous  or  the  country  weall liy.  There  is  also  the  wide- 
spread fallacy,  that  of  the  {)liilanthroj)ic  person,  thai  the  only 
way  to  "do  good  "  with  money  is  to  go  out  of  their  way  to 
organise  a  means  for  its  consumption.  They  seem  entirely 
unable  to  grasp  the  fact  that  every  £300  spent  in  this  way 
means  one  less  working  man  and  his  family  in  Great  Britain 
for  a  given  standard  of  living.  They  rarely  reflect  whether 
they  might  not  be  doing  more  good  by  investing  their  money 
than  by  spending  it,  often  in  a  worthless  or  lost  cause.  There 
are  many  inexperienced  people  who  have  inherited  wealth  in 
which  they  have  taken  no  part  in  accumulating  and  who 
believe  they  are  doing  good  by  dissipating  it  in  various  ways 
which  are  sometimes  worthy  and  sometimes  are  not. 

Finally,  there  is  the  extraordinary  unpopularity  of  a  man 
who  saves  and  invests  money,  who  is  alternatively  described  as 
a  miser  or  a  Jew  ；  it  may  be  that  the  man  who  so  describes  liim 
is  working  under  a  roof  made  by  that  same  "  miser's  '  ，  in- 
vested capital,  and  earning  his  living  by  the  aid  of  an  imple- 
ment which  that  self-same  miser's  frugality  and  self-denial 
have  enabled  him  to  place  at  his  disposal.  It  is  the  mighty 
strength  of  the  Tiiuch-abusecl  system  of  capitalism  that  the 
self-interest  of  the  individual  is  commandeered  to  supply  the 
needs  of  the  State  ；  the  inducement  being  a  few  per  cent.,  fre- 
quently no  more  than  3  or  4  per  cent.,  on  the  invested  capital. 
The  value  to  the  State  of  this  invested  capital  as  repre- 
sented by  the  increased  powers  of  production  of  labour  far 
exceeds  the  dividend  drawn  by  the  man  who  has  found  t he- 
money.  But  it  is  the  custom  to  refer  to  tlie  capitalist  as  if 
lie  were  some  kind  of  species  apart ;  a  form  of  vampire  which 
is  living  on  the  blood  of  the  people.  As  a  generalisation  he 
is  in  a  minority,  I  believe  that  the  late  Chancellor  of  the  Ex- 
chequer used  to  refer  to  him  as  10  per  cent,  of  tlie  total,  but 
he  is  not  a  class  by  himself,  any  skilled  worker  who,  making 
full  money  sometimes  in  his  'teens  and  at  least  in  his  early 
twenties,  saves  what  he  easily  can  save,  will  before  middle 
age  become  a  capitalist,  to  the  full  extent  to  which  he  employs 
capital,  in  other  words  he  may  easily  accumulate  a  sum  of 
£200  or  £300.  If  every  skilled  worker  were  to  do  tliis  in  one 
generation  we  should  no  longer  hear  talk  of  tlie  capitalist  as 
a  class,  and  two  generations  he  could  virtually  own  the 
assets  of  the  country. 

It  cannot  be  too  strongly  insisted  that  our  capital  is  not 
entirely,  or  even  mainly,  in  the  hands  of  a  class  who  are  not 
workers,  in  many  cases,  and  I  believe  in  most  cases,  the  inves- 
tor is  quite  as  hard  a  worker  and  an  apostle  of  labour  as  those 
in  the  artisan  class  who  arrogate  to  themselves  that  title.  The 
probability  is  that  the  thrifty  will  always  be  in  a  minority 
because  human  nature  is  what  it  is,  and  as  I  have  heard  it 
expressed  over  and  over  again  wlieii  discussing  the  subject 
with  manual  workers  and  others,  Well,  sir,  what  is  the  good 
of  saving  it，  you  only  live  once,"  It  is  a  fact,  not  without 
interest,  that  the  Jewish  nation  have  an  extraordinary  gift 
for  saving.  A  typical  Jew  does  not  save  simply  because  lie 
has  a  big  income,  he  begins  to  save  if  he  has  only  a  few  shil- 
lings a  week,  and  this  fact  is  true  of  a  great  number  of  those 
others  to  whom  the  increase  of  capital  is  due.  The  financial 
and  industrial  status  of  those  countries  in  which  the  Jew  has 
been  subjected  to  persecution  is  almost  invariably  lower  than 
those  in  which  he  has  been  hospitably  received.  This  may  be 
taken  as  a  simple  illustration  of  the  fact  ill  at  the  man  who 
saves  is  a  benefactor  to  the  State. 

So  far  as  the  material  enjoyment  of  life  is  concerned,  and 
the  standard  of  living,  the  possession  of  wealth  wliicli  is  in- 
vested and  of  wliicli  the  interest  is  reinvested  does  not  matter 
one  iota.    This  is  a  fact  which  is  curiously  neglected  in  the 
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public  appreciation  of  the  wealthy  man.  Consider,  for 
example,  any  man  wlio  comes  into  the  world  comparatively 
poor,  and  lives  an  ordinary,  and  from  a  modern  standpoint 
frugal  life,  who  is  industrious,  who  saves  money.  In  his 
ledger  account  with  the  nation  we  find  his  cost  in  education, 
aud  some  property  or  wealth  lie  inherits,  on  the  otlier  side  we 
have  the  fortune  he  leaves.  Presuming  that  his  money  lias 
been  made  by  industry  aud  not  trickery,  the  balance  of  this 
account  is  the  extent  to  which  he  stands  a  benefactor  to  the 
nation.  He  may  leave  his  money  to  a  son,  if  the  son  follows 
in  the  footsteps  of  his  father,  again  at  his  death  he  in  turn 
will  stand  as  a  benefactor  to  the  nation.  These  men  are  bene- 
factors as  definitely  as  if  the  money  were  paid  into  the 
exchequer  of  the  nation.  If,  in  the  course  of  inheritance,  the 
money  is  lost  or  dissipated  in  what  is  by  tradition  termed 
'( riotous  living  "  it  does  not  one  jot  detract  from  the  benefits 
which  were  originally  given,  it  is  the  business  of  the  State  to 
see  that  it  is  not  defrauded  and  that  the  country's  wealth  is 
not  misused  even  in  private  hands.  It  is  my  belief  that  it  is 
in  this  direction  that  legislation  should  tend,  in  the  suppres- 
sion of  useless  luxury  and  the  taxation  of  what  we  may  call 
reasonable  luxury,  these  things  do  not  bring  wealth  to  the 
country  and  they  are  a  source  of  naticmal  leaicage.  It  is  only 
possible  to  act  in  this  direction  within  limits,  for  the  man  who 
saves  aud  tli rough  his  individual  capacity  may  build  a  fortune 
is  entitled  to  say,  "  If  I  have  bargained  for  the  joint,  may  I 
not  cut  a  morsel  off  the  spit."  Like  the  others  he  only  lives 
once. 

It  is  one  of  the  current  fallacies,  and  one  may  almost  say 
tenet  of  the  labour  agitator,  I  will  not  say  the  labour  leader 
in  this  case,  that  any  man  who  makes  money  or  makes  a  for- 
tune as  an  employer  or  in  any  similar  capacity  in  industry  has 
obtained  his  wealth  at  the  expense  of  the  wage  earner.  It  is 
not  unusual  to  take,  for  example,  some  notorious  company 
promoter  or  stock  exchange  gambler,  where,  literally,  there 
may  be  much  truth  in  the  allegation.  But  it  is  very  few 
amongst  those  who  have  not  actually  taken  a  part  in  the 
management  of  some  industrial  concern,  who  realise  how  easily 
a  potential  profit  may  become  a  loss  due  to  bad  man agement. 
The  skill  or  industry  of  the  artisan  or  manual  worker  is  by 
no  means  the  whole  factor,  and  in  the  direction  of  his  labour, 
quite  apart  from  any  act  of  invention  of  greater  or  less  degree, 
there  is  room  for  various  degrees  of  skill  and  for  the  exercise 
of  different  degrees  of  foresight.  Careless  or  defective  work 
in  the  engineering  department,  or  in  the  costs  department,  or 
ill  almost  any  otlier  part  of  the  factory  may  result  in  the 
wastage  of  the  fruits  of  labour.  To  a  still  greater  extent  may 
a  miscalculation  or  imprudent  forecast  of  a  season's  trade  be 
disastrous  to  the  efficiency  of  the  combination  of  master  and 
man.  Let  any  artisan  worker  remember  that  the  loss  to  the 
country  due  to  any  misdirection  of  his  labour  is  just  as  clean 
a  loss  as  if  it  were  deducted  from  his  own  wages.  If  any  losses 
due  to  inefficient  management  were  actually  deducted  from 
his  own  wages  he  would  find  it  in  every  way  to  liis  interests  to 
obtain,  if  need  be,  at  imich  higher  prices  than  are  current 
to-day,  the  best  brains  in  the  country  to  ensure  that  his  labour 
was  applied  to  the  maximum  advantage.  The  fact  that  his 
labour  undergoes  no  reduction,  even  though  it  may  be  wholly 
lost  by  bad  maiiagenieut,  does  not  make  it  any  less  an  act  of 
true  economy  to  pay  a  high  price  for  efficient  management! 
The  fact  tliat  our  industrial  system  virtually  acts  as  an  insu- 
rance against  this  risk  should  not  blind  labour  to  the  fact 
that,  whatever  his  own  value  may  be,  the  value  of  the  man 
who  has  the  gifts  and  capacity  to  accurately  gauge  the  condi- 
tions of  the  trade,  aud  the  men  who  are  able  to  make  every 
hour  of  labour  tell  to  the  best  advantage  in  the  production  of 
an  implement  for  a  given  duty  is  far  greater,  inasmuch  as  the 
gifts  required  are,  in  human  experience,  less  widely  distri- 
buted. 

I  have  no  panacea  or  reci])e  to  offer  in  the  matter  of  deal- 
ing with  this  complex  labour  problem.  It  is  my  personal  belief 
that  some  reversal  or  modification  of  the  policy  of  recent  legis- 
lation will  become  necessary.  One  cannot  be  blind  to  tlie 
gravity  of  the  position,  since  no  legislation  of  a  character  tend- 
ing to  limit  the  power  of  the  trades  union  is  possible  .without 
the  general  consent  of  the  electorate,  in  fact,  one  may  say, 
unless  with  the  mandate  of  the  electorate.    If  one  holds  tlie 


view  that  logic  must  ultimately  prevail,  perhaps  a  majority 
may  in  time  be  found  for  the  freeing  of  the  wage  earner  from 
the  shackles  of  restricted  output.  In  any  case,  where  a  minority 
is  able  to  benefit  by  any  course  of  action  at  the  expense  of  the 
State  there  is  a  prima  facie  case  for  legislative  intervention. 
Ill  the  present  address  I  have  endeavoured  to  make  clear  the 
fact  that  such  a  condition  of  affairs  exists,  or,  at  least,  existed 
iu  tlie  pre-war  period,  and  in  a  greater  or  less  extent  to-day. 
Whether  we  shall  get  any  Government  with  a  conviction  that 
this  is  true,  and  if  we  get  that  Government,  whether  it  will 
have  the  courage  of  its  convictions,  are  riddles  to  which  I  have 
not  the  key.  I  can  only  assert  my  belief,  that  for  the  sake 
of  tlie  country,  for  tlie  sake  of  the  wage  earner  himself,  and 
for  the  healthy  development  of  trade  organisation,  legislative 
intervention  will  have  to  come  sooner  or  later,  fn  the  mean- 
time, before  public  opinion  is  ripe,  there  is  considerable  hope 
that  the  worker  himself  may  be  led  to  take  a  broader  view  of 
his  own  true  interests,  of  the  nation's  needs,  and  of  his  obliga- 
tions to  the  State  ；  this  hope  is  certainly  supported  by  the  way 
in  which,  on  the  whole,  he  has  risen  to  the  occasion  in  the 
matter  of  munitions  output.  It  is,  however,  always  difficult 
by  a  mere  process  of  moral  suasion  to  undo  an  evil  which 
should  never  have  been  allowed  to  grow  up. 

The  whole  situation  is  admittedly  full  of  complication, 
different  employers  have  different  methods  of  their  own  of 
stimulating  production,  and,  if  one  may  say  so,  of  dodging 
the  restrictions  which  the  trades  unions  have  endeavoured  to 
enforce.  There  are  advocates  of  a  straight  piece-work  system, 
and  of  various  bonus  schemes  ；  there  is  something  to  be  said  in 
favour  of  each.  So  far  as  my  personal  experience  goes,  neither 
the  one  nor  the  otlier  is  really  effective  as  combating  the 
restriction  of  output  ；  in  some  cases  it  would  almost  appear 
that  there  is  a  secret  organisation  within  a  works  to  fix  its 
own  times  and  prices  on  everything,  so  that  although,  nomi- 
nally, the  piece-work  system  gives  every  inducement  to  the 
employe  to  obtain  an  increased  output  in  practice  its  whole 
purpose  is  frustrated.  There  are  many  difficulties  also  in  the 
administration  of  a  piece-work  system.  It  sounds  plausible 
enough  to  say  that  if  a  piece-work  rate  is  set  and  a  man  can 
improve  upon  it  the  piece-work  rate  should  never  be  altered.  If 
the  rate  is  reasonably  and  properly  fixed  in  the  first  instance, 
and  the  means  of  production  remain  the  same,  then  if  the 
employe  can  make  more  than  a  customary  wage  by  his  in- 
dustry, the  cutting  down  of  the  piece-work  system  is  both 
unjust  and  foolish.  But  it  is  difficult  and  sometimes  equally 
unjust  to  maintain  a  piece-work  price  which  either  has  been 
wrongly  set  in  the  first  instance  or  has  become  obsolete  because 
of  a  change  of  conditions.  If  in  the  performance  of  some  one 
process  a  man  is  able  to  make  three  times  his  standing  rate, 
whereas  another  process  will  only  allow  one  and  a  half  times 
t!ie  standing  rate,  and  if  no  readjustments  are  permitted,  it 
cannot  be  other  than  an  injustice  that  two  men  of  equal  in- 
dustry, skill,  and  ability,  engaged,  and  working  under  the 
same  conditions,  should  receive  one  double  of  what  the  other 
receives.  Beyond  this,  is  it  not  a  danger  to  put  into  the  hands 
of  foremen  or  chargemen  what  amounts  to  the  exercise  of 
valuable  patronage  :  we  know  the  evils  to  which  such  a  situa- 
tion may  give  rise. 

There  are  certain  employers  of  labour,  and  many  would-be 
social  reformers,  who  believe  they  see  the  solution  to  the 
present  industrial  difficulties  in  schemes  of  profit  sharing. 
The  unsoundness  in  my  opinion  of  the  profit-sharing  schemes 
sucli  as  have  hitherto  been  proposed,  and  introduced  in  certain 
special  instances,  is  due  to  the  fact  that  the  rank  and  file  of 
the  working  comniiniity  cannot  afford  to  gamble.  In  any 
trading  concern  the  first  charge,  if  one  may  say  so,  on  the 
finances  is  the  wage  bill,  whatever  else  happens  this  must  be 
paid,  the  most  speculative  and  last  charge  on  the  company 
is  the  dividend.  Now  if  profit-sharing  were  widely  intro- 
duced into  our  industries,  we  should  have  in  a  number  of  fac- 
tories men  doing  identical  work,  or  work  demanding  equal 
skill,  and  doing  it  with  equal  industry  ；  in  all  factories  the  men 
would  be  receiving  some  standard  rate  of  wage  as  a  basis  ;  in 
one  factory  where  big  profits  were  made  the  men  might  be 
doubling  their  rate  of  wage,  in  another  factory  where  no 
profits  hap))eiied  to  be  made  the  men  may  be  getting  nothing 
in  excess  of  the  ininimum.   Such  risks  are  risks  to  which  busi- 
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MOSS  iiuMi  ； itui  investors,  as  a  class,  aro  accustomed  :  tliey  con- 
st itiitf  what  is  truly  ""'m"(l  the  i^ainbling  risk  in  any  business 
or  iiivosl  iiuMil.  It  is  admitted  on  all  hands  that  i'or  the  work- 
ing classes  a  i^amblini^  risk  is  undesirable,  it  is  far  better  that 
the  working  man  should  know  wliat  his  weekly  payment  will 
be,  or  at  least,  wliere  it  is  variable  that  it  si i all  he  a  matter  、 
to  some  extent  uiuier  his  personal  control. 

It  seems  sometimes  to  be  assumed  by  the  less  well-in  formed 
advocates  of  profit-sharing,  as  against  other  methods  of  eu- 
coiuagiiig  industry,  that  the  rank  and  file  of  labour  would 
d raw  a  share  of  tlie  profits  in  addition  to  what  he  now  receives. 
Even  were  it  so  adjusted  in  the  first  instance,  the  very  laws  or 
economic  considerations  which,  a  I  present,  act  to  limit  the 
wage  equivalent,  would  soon  bring  the  average  down  :  it  may 
be  pointed  out  that  even  were  th is  not  tlie  case,  it  would  come 
off  the  existing  dividend  account  of  the'  country,  and  so'  would 
lower  the  saving  power  of  the  nation,  which,  as  we  have  seen, 
is  ina-dinissible  whether  viewed  from  the  point  of  view  of  the 
State  or  the  point  of  view  of  the  worker  himself. 

The  whole  psychology  of  the  manual  worker  is  against 
allowing  him  to  shoulder  any  of  the  gamble.  If  he  is  to  have 
an  increase  in  his  pay，  rather  than  profit-sharing,  it  should  be 
on  a  piece-work  or  bonus  system  where  tlie  individual  effort 
gives  individual  recompense.  If  under  a  profit-sharing  scheme 
a  district  were  to  enjoy  exceptional  prosperity  for  a  time,  as 
nearly  always  happens  in  every  trade,  we  know  as  a  human 
certainty  that  the  standard  of  living  would  go  up,  just  as  it 
has  in  the  prosperous  munitions  districts  to-day,  and  when  the 
nearly  inevitable  slump  arrives  great  hardships  would  be 
inevitable  ；  in  many  cases  the  whole  working-class  community 
would  be  better  off  if  they  had  not  experienced  the  period  of 
abnormal  success.  If  the  rank  and  file  of  labour  could  accept 
the  gambling  risk  without  danger  there  would  be  little  or  no 
need  for  our  present  betting  laws,  &c.  Even  amongst  those 
who  have  had  the  advantage  of  a  more  liberal  education,  and 
leisure,  and  opportunity  to  look  around  them,  a  period  of 
inflated  prosperity  does  not  always  turn  out  to  be  an  unmixed 
blessing.  It  has  been  tlie  undoing  of  many  a  man  in  a  good 
position. 

The  industrial  engineer  of  the  future  will,  without  doubt, 
have  his  due  measure  of  technical  problems  and  difficulties  to 
face  ；  but  it  behoves  him  to  watch  carefully  tlie  wage  earner's 
position  and  aspirations,  and  to  find  means  to  encourage  him 
to  co-operate  in  the  campaign  for  industrial  efficiency. 
Above  all,  it  is  necessary  that  the  manual  worker  should  be 
more  fully  instructed  concerning  those  broad  economic  ques- 
tions and  principles  against  which  he  lias  in  the  past  th  row  11 
himself  in  vain,  in  opposition  to  his  own  true  interests,  and  to 
the  disadvantage  of  his  fellow  workers,  the  nation  and  the 
State. 

This  educational  influence  cannot,  uufoi-tunately,  be 
exerted  in  the  State  or  municipal  schools  for  obvious  reasons, 
there  is  no  arbiter  to  determine  where  economic  truths  leave 
off  and  where  political  truths  (usually  economic  fallacies  ！) 
begin.  This  influence  can  not  be  effectively  exerted  by  the  em- 
ployer as  he  is  not  always  regarded  as  unprejudiced.  But  the 
industrial  engineer  is  himself  a  "  worker,"  in  some  cases  lie  is 
(in  a  sense)  no  more  than  a  superior  wage  earner  ；  his  interests 
are  of  a  similar  character  to  those  of  the  men  under  him,  or  the 
men  in  the  direction  of  whose  labour  he  occupies  himself.  By 
keeping  in  close  personal  touch  with  the  rank  and  file  he  may 
exert  considerable  influence,  and,  apart  from  his  quasi-profes- 
sional duties,  by  utilising  every  opportunity,  lie  may  become  a 
great  force  in  the  wider  education  of  the  masses  throughout 
the  length  and  breadth  of  the  land.  The  experience  of  indus- 
tries under  the  stimulating  influence  of  the  great  war  has 
awakened  attention  to  tlie  question  of  economic  production  to 
an  extent  which  no  lesser  cataclasm  could  have  done  ;  it  is  for 
those  who  have  the  interests  of  our  engineering  industries  at 
heart  to  see  that  we  clo  not  fall  back  into  the  old  state 
of  lethargy,  and  that  public  attention  which  events  have  fas- 
tened, or  focussed,  on  to  this  vital  question  of  efficient  pro- 
duction is  not,  allowed  to  sleep  or  even  to  become  relaxed  until 
those  abuses  which  have  been  eating  like  a  canker  into  tlie 
heart  of  our  industrial  life  have  been  finally  overcome  and 
removed. 


A  METHOD  OF  DETERMINING  THE  DENSITY  OF  FLUE 
GASES.* 


j;X.  SMITH. 


Engineers,  whether  power,  metallurgical,  ov  inaiiut'a (； luring, 
can  always  ascertain  the  density  of  the  gases  within  their  pro- 
vince, either  by  chemical  analysis  or  precision  weighing.  But 
it  is  not  always  essential  to  know  the  chemical  corn  position  ； 
or  the  coiiipositiou  may  be  deducible  with  sufficient  accuracy 
if  the  density  is  known.  The  methods  of  a  simpler  or 川 ore 
direct  character  have  a  use,  particularly  when  it  is  desired  to 
study  cause  and  effect  concurrently,  and  without  any  appre- 
ciable intervening  interval  during  which  the  cause  might  vary. 
The  purpose  of  this  paper  is  to  describe  a  mode  of  determining 
gas  density  by  gauge  reading.  So  far  as  the  writer  is  aware, 
the  method  is  new. 

Gerfe?-(ff  I'rl iici phs. —— The  basic  theorem  is  that  the  densi- 
ties of  gases  and  their  pressures  per  unit  area  of  base  are 
directly  proportional  when  the  gas  columns  are  of  equal  height. 
Hence,  if  a  column  of  air  in  a  vertical  tube  of  known  height 
is  displaced  by  a  given  gas,  the  barometric  and  thermometric 
conditions  remaining  constant,  the  densities  are  in  the  simple 
ratio 

P  士  P'  (1) 


D  二 


P 


when 
D 


Density  of  the  given  gas  referred  to  air  taken  as 
unity, 

P  ―  Known  air  pressure  due  to  column  height,  a url 
Difference  (士)  of  pressure  due  to  gaseous  displace- 
ment. 

Pressure  M easurentt ni . ― Assume  that  an  accuracy  within 
1  per  cent,  of  the  total  air  pressure  clue  to  the  vertical  or 


A ― Gas  tube,     h ― Inlet  gas  cock.     C— Gauf^re  cock.     D 一 Outlet 
gas  cock.         Dilferential  gan^c. 

Note. ― The  baroinetiuc  equalising  vent  (at  D)  is  not  shown.  It 
consists  of  a  inece  of  clockuiaker's  "bushing  wire,"  lin.  long 
and  ft\,in.  bore. 

column  height  is  required  ；  in  other  words,  that  a  pressure 
due  to  the  air  in  a  column  the  one-hundredth  of  the  height  of 
the  column  in  the  given  case  must  be  evaluated.  This  order  of 
minuteness  of  magnitude  at  once  contra- indicates  mechanism 
subject  to  friction,  and  indicates  the  use  of  "  frictionless"  liquid 
gauges.  Postulating  that,  without  the  introduction  of  undesi- 
rable complications,  0*02iii.  is  the  smallest  significant  difference 
of  level  of  such  a  gauge,  then  tlie  relation  of  that  niiiiiinuin 
gauge  space  to  the  minimum  correlated  gas-tube  height  (//)  is 
given  by  the  equation 

h  =  '02  in.  X  lOOx  (2) 

when  ,7'  is  the  specific  gravity  of  tlie  gauge  liquid  referred  to 
air  as  unity.  Therefore  water,  wliicli  is  about  772  times 
heavier  than  air,  if  used  in  a  simple  siphon  gauge,  and  under 
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tlie  conditions  postulated,  requires  a  complementary  gas-tube 
"ot  less  than  0  02iii.  x  100  x  772  =  l,554in.  =  about  "130 ft.  in 
lieiglit.  Conversely,  if  the  height'  (/')  in  inches  be  given,  then 
tlie  luaxiimmi  specific  gravity  of  the  possible  gauge  liquid  (air, 
as  before,  being  taken  as  unity)  is  (letei'iiiiiied  by  the  tonmila 
h 

Any  convenient  value  may  be  assigned  to  h.      Let,  then, 

tlie  vertical  height  of  the  ga;?  column  be  lOOin.    Then  x  = 

specific  gravity  50.    That  is，  for  such  a  tube  height,  a  liquid 

, ，  772 
is  indicated  not  inoi  e  than  50  times  heavier  than  air,  or  = 

50 

15'44  times  lighter  than  water.  No  such  light  liquid  is  known  ； 
but  its  equivalent  may  be  attained  if  two  immiscible  liquids 
are  caused  to  partially  equilibrate  each  other  in  such  a  manner 
that  the  difference  (wiiich  may  be  made  as  small  as  desired) 
of  the  specific  gravities  becomes  tlie  measure  of  the  equivalent 
specific  gravity  of  the  liquid  system  as  a  whole. 

A  gauge  on  the  differential  principle,  capable  of  readily 
dealing  with  gas  piessures  of  the  small  magnitude  in  question, 
lias  already  been  described  by  the  author  in  the  "  Proceed- 
ings " for  November,  1909，  vol.  X.,  page  155,  under  the  title, 
" A  Simple,  Sensitive,  Two-Liquid  Differential  Gauge  for 
Measuring  Small  Pressures." 

'VV/.y  Tiihe, ― The  gas  tube  is  very  simple.  In  the  example 
illustrated  it  consists  of  a  piece  of  \\w.  wrought-iron  gas  barrel, 
A,  lOOin.  in  height..  At  the  bottom  two  stopcocks,  B，  C， 
permit  alternative  connection  to  a  gas  source  or  to  a  gauge,  E. 
To  check  diffusion  the  passage  through  the  latter  cock  should 
be  reduced  to  a  pinhole.  At  the  top  a  third  cock,  D，  opening 
into  the  air.  permits  the  tube  to  be  gas  flushed  and  filled,  and 
when  the  main  passage  is  closed  continues  the  connection  by 
a  minute  by- pass  large  enough  to  preclude  any  possible  baro- 
metric difference  of  pressure  between  the  gas  inside  and  the 
air  outside  the  tube,  yet  so  small  that  diffusion  is  negligibly 
slow.  The  surface  of  tlie  liquid  in  the  gauge  cistern  and  the 
bottom  of  the  gas  tube  must  be  approximately  at  the  same 
level. 

( 'dl  ihfdf  ION . —— If  the  gauge  constants  are  unknown,  a 
simple,  comprehensive  calibration  covering  all  tlie  factors  can 
be  effected  thus :  All  parts  being  filled  with  air,  adjust  tlie 
gauge  to  zero.  Then  displace  the  air  in  the  tube  with  any 
easily  generated  or  procured  gas  of  known  density,  for  in- 
stance, CO^,  the  specific  gravity  of  which  is  1  524.  Then  tlie 
pressure  upon  unit  of  base  of  lOOin.  vertical  of  CO^  is  equal 
to  the  pressure  of  100  x  1*524  =  152'4in  of  air.  Therefore,  the 
consequent  liquid  displacement  due  to  the  displacement  of  the 
air  by  gas  is  equivalent  to  that  which  would  be  caused  by  an 
air  pressure  of  152*4  ―  lOO'O  =  52*4in.  Tlie  scale  can  be 
graduated  or  interpreted  accordingly. 

(^orreeflo/ts. ― When  relativity  only  is  required,  corrections 
may  be  dispensed  with.  The  case  of  the  immediate  effect  of 
drauglit  volume  variatioti  upon  chimney-gas  density  is  an 
example.  But  if  absolute  readings  are  required,  and  if  the 
barometiic  and  tliermonietric  conditions  differ  from  those 
wl licit  may  have  been  assigned  in  respect  to  P.  (formula  1)， 
and  upon  wliich  the  value  of  the  gauge  divisions  is  computed, 
then  a  corrected  value  P"  must  be  substituted  for  observed 
P'  in  formula  (1)  ；  then 

>〃— （461 十」） 29-92  X 丄— (461  +  f)  x  P'  (斗） 


461  X  h 


15-41  X  b 


P' 

w  lie  11 

t  =  Observed  temperature  on  Fahrenheit  scale, 
b  =  Observed  barometric  pressure  in  inches, 
P'  =  Observed  pressure  due  to  gas  displareiuent,  and 
1)〃=  Corrected  value  of  observed  displacement  pressure. 
Strictly,  a  further  ccrrection  should  be  made  to  compensate 
for  the  variation  in  the  gas  system  volume,  due  to  the  move- 
ment of  the  liquid    in   the  gauge.      Usually,  however,  this 
amount  is  so  sinall  that  it  may  be  neglected  iu  practice. 

Scales, ― The  actual  graduations  may  be  in  any  convenient 
term,  i,.，  density  or  specific  gravity,  percentages,  or  direct 
evaluations  of  the  major  object  of  the  test. 

I'arlanfs. ― (i)  The  mode  is  equally  applicaljle  in  the  case 
of  density  ciiange  clue  to  cheniical  reaction  other  than  com- 
bustion,   (ii)  In  the  case  of   inconveniently  hi" 小  i-ubes,  all 


adjustments  may  be  brouglit  within  operative  reach  by  con- 
striK'tiug  the  tube  as  an  inverted  (1，  providing  that  the 
niimite  equalising  vent  must  then  be  placed  at  the  vertex, 
and  must  remain  permanently  open,  (iii)  A  gas  tube  within 
a  ('liiriuiey  and  extending  to  its  full  height  affords  a  means 
of  ascertaining  the  density  of  the  chimney  gases  at  the  mean 
temperature  within  the  whole  stack.  From  this  may  be  de- 
duced the  potential  ascensional  power  of  the  gases,  a  result 
not  given  by  tlie  ordinary  draught  gauges,  which  show  the 
utilised  value  only,  (iv)  Obviously  portability  can  be  attained 
by  constructing  the  tube  in  screwed  sections.  (v)  Photo- 
graphic continuous  records  can  be  attained  by  the  use  of  any 
of  the  well-known  devices.  This  implies  a  constant  passage 
of  gas,  therefore  precautions  must  be  taken  against  the  vitia- 
tion of  the  results  by  the  introduction  of  extraneous  pressure 
liead,  either  by  periodically  cutting  off  the  gas  supply,  or  by 
making  the  inlet  very  small  in  comparison  with  a  relatively 
large  outlet  permanently  open.  Necessarily  there  will  be  a 
lag  in  the  records  in  respect  to  time. 


THE  UTILISATION  OF  WASTE  HEAT  FOR  STEAM- 
GENERATING  PURPOSES.* 

BY  ARTHUR  D.  PRATT. 

The  utilisation  of  waste  heat  from  various  industrial  pro- 
cesses for  tlie  generation  of  steam  is  not  new.  The  advance 
within  the  last  few  years,  however,  in  methods  of  utilising  such 
gases  and  in  the  results  secured  from  tlieir  utilisation  has  been 
so  remarkable  as  to  make  of  interest  a  comparison  of  former 
with  present-day  methods  and  results. 

The  design  of  waste-heat  boilers  has  progressed  to  a  point 
where  it  is  to-day  possible  to  successfully  generate  steam  from 
gases  whose  temperatures  are  as  low  as  950。  Fah.  to  1 ,000° 
Fall.  It  is  but  a  few  years  since  it  was  considered  absolutely 
impracticable  from  a  commercial  standpoint  to  attempt  to 
produce  power  from  such  gases,  and  it  is  in  its  ability  to  satis- 
factorily utilise  these  gases  that  the  development  of  the  modern 
waste-heat  boiler  has  its  most  far-reaching  effect. 

The  sole  theory  on  which  early  waste-heat  boiler  installa- 
tions were  made  has  as  its  basis  the  non-interferences  in  the 
operation  of  the  primary  furnace.  This  meant,  in  practically 
all  cases,  that  the  draught  at  the  exit  of  the  primary  furnace 
should  in  no  way  be  impeded,  and  resulted  in  the  installation 
of  a  given  amount  of  heating  surface  arranged  in  such  manner 
that  the  frictioiial  resistance  to  the  gases  in  their  passage 
through  the  boiler  should  be  a  minim um.  Presumably  the 
object  of  such  an  arrangement  was  to  enable  a  natural-draught 
stack  of  a  practicable  height  to  be  used.  As  the  result  of 
minimising  this  draught  loss,  such  boilers  as  were  installed 
were  ordinarily  entirely  without  baffles  and  the  gases  were 
given  a  straight  passage  through  the  boiler,  though  partially 
baffled  boilers  were  used  occasionally.  High  exit-gas  tempera- 
tures were  considered  rather  desirable  than  otherwise  iu  order 
to  assist  the  stack  in  giving  tlie  required  draughts.  Boilers 
installed  in  this  way  were  considered  practicable  only  with 
gases  whose  temperatures  ap])roached  those  of  coal-fired  prac- 
tice. The  users  accepted  the  steam  generated  as  "  something- 
for  nothing  ，，  and  no  particular  endeavour  was  apparently 
made  toward  increased  capacities. 

Present-day  waste-heat  practice  has  come  about  with  a 
more  thorough  understanding  of  the  laws  governing  heat  trans- 
fer and  an  appreciation  of  the  function  of  gas  velocity  as 
affecting  transfer  rates.  Without  going  into  this  aspect,  it 
may  be  broadly  stated  that  the  rate  of  heat  transfer  is  depen- 
dent u])on  gas  velocity  and  temperature  difference  between 
the  gas  and  the  absorbing  surface.  Experiments  liave  shown 
that  at  even  the  highest  velocities  now  used  in  waste-heat  work 
the  effect  of  increased  temperatu re  difference  is  sinall  as  com- 
pared with  that  of  increased  gas  velocity. 

In  coal-fired  boiler  practice  the  average  temperature  diffe- 
lence  between  gases  and  boiler  surfaces  is  approximately 
1 ,15(r  Fah.  The  heat-transfer  late  corresponding  to  a  boiler's 
rated  capacity  is  about  3  B.T.U.  ])er  liour  per  square  foot  of 
surface  per  degree  difference,  or  a  heat  absorption  of 
3,450  B.T.U.  per  square  foot  of  surfatre  per  hour.    Iu  waste- 
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work  t  ho  t('iii|n'rat  uvc  d  illVimco  varies  widely  wit  h  tlio 
class  of  waste  lieal.  Willi  a  t^as  tempo  rat  uro  of,  say,  1,250' 
Fall,  entering  a  boiler,  ilie  average  temperature  tlilTereiu'e 
between  boiler  surface  ami  gas  for  a  working  pressure  of  ITOlbs. 
per  square  inch  will  be  about  500"  Fall.  For  such  a  tempera- 
ture difyereiice  the  transfer  rate  to  give  an  absorption  per 
square  foot  of  surface  equal  to  that  of  tiie  coal-lired  boiler  iii 
I'atin"',  would  have  to  be  G'9 】1T.U.  per  liou r  per  square  toot 
per  degree  did'erence.  This  rate  is  slightly  higher  than  the 
rates  con'espomlini^  to  velocities  that  are  as  yet  ordinarily  used, 
but,  with  somewhat  higher  entering-gas  temperatures,  the 
absorption  per  square  foot  of  surface  is  such  as  to  enable  a 
boiler's  rated  capacity  to  be  developed  without  difficulty. 
With  gas  tem peratures  entering  the  boiler  of  1,800°  Fah.  to 
2，000°  Fah.，  which  approach  coal-fired  practice,  high  overloads 
are  being  developed. 

The  gas  velocities  necessary  to  give  what  is  now  considered 
a  desirable  transfer  rate  lead  to  a  frictional  resistance  through 
waste-heat  boilers  which  makes  the  use  of  a  iiatu ral-draiight 
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Fig.  1.— Waste  Heat  Boiler  fok  Opkn-heakth  Fuhnace. 

stack  impracticable.  Let  us  consider  what  is  probably  the 
extreme  case  in  so  far  as  draught  conditions  are  concerned, 
namely,  the  open-hearth  steel  furnace.  Common  practice  in 
this  class  of  work  is  to  use  stacks  160ft.  liigli,  wliicli  give  a 
draught  at  their  base  of  approximately  l'4in.  to  l'6in.,  de- 
pending u  poll  the  gas  tem  peratures.  For  the  present  purpose, 
assume  that  tlie  draught  loss  through  a  modern  waste-heat 
boiler  installed  witli  an  open-hearth  furnace  is  2'0in.，  a  figure 
which  approximately  represents  the  practice  of  to-day.  With  a 
natural-draught  stack,  the  draught  at  the  checkers  corre- 
sponding to  the  l'4in.  to  I'Sin.  given  above  is  approximately 
rSiii.  to  l'5in,，  and  this  amount  is  necessary  for  the  proper 
operation  of  the  furnace.  With  a  waste-lieat  boiler  installed, 
then,  the  draught  necessary  at  the  exit  of  the  boiler  must  be 
sufficient  to  overcome  the  resistance  through  the  boiler,  2in., 
that  necessary  to  overcome  resistance  through  the  flues,  say 
0"75in.,  and  l'5in.  necessary  at  the  checkers,  or  a  total  of 
4*25iii.  Tt  is  to  be  remembered  that  with  a  waste-heat  boiler 
installed,  the  temperature  of  the  gases  entering  the  stack, 
instead  of  being  1,000°  Fall,  or  1,200°  Fall.,  will  be  450°  Fah. 
or  500''  Fall.,  under  wliicli  conditions  a  stack  of  160ft.  instead 
of  giving  a  draught  of  l*4in.  to 卜 8iii.  at  its  base  would  give 


a|)i)ioKiinalely  r!)in.，  and  U)  ^mvc  Mk;  necessary  -1  '251»1.  llio 
st"id《  lieiglit,  would  have  to  bo  soiiKiwliat  over  7()0t't. 

While,  as  stated^  ilii,s  is  peWifips  the  extreme  caHe,  tli o  same 
reasoning  applies  in  practically  all  waste-heat  work,  atul  an 
iiuluced-d rauglit  unit  is  now  ahnoHt  universally  used  with  II lo 
niodeni  design  of  waste-heat  boiler.  \  n  certain  classes  of 
waste- heat  work,  such  a  fan  not  only  I'liriiislies  the  re(|uired 
draught  suction,  but  is  of  a  (l(vi(l(、（l  ad vaiita<^o  in  the  operation 
of  the  primary  su rface. 

As  may  be  inferred  frorti  the  foregoing,  the  successful  utili- 
sation of  waste  gases  becomes  more  difficult  with  decreasing 
gas  temperatures.  It  was  in  connection  with  regenerative  fur- 
naces and  low-temperature  gases  that  the  principles  of  liii^h 
gas  velocity  were  first  applied  and  the  modern  waste-lieat 
boiler  was  developed.  The  success  of  the  early  installations 
ill  this  particular  class  of  work  led  to  the  application  of  this 
theory  to  all  classes  of  waste-heat  practice. 

Waste-heat  boilers  of  the  niodeni  design  are  in  successful 
operation  to-day  with  copper  refining  furnaces,  cement  kilns, 
open-hearth  steel  furnaces,  beehive  coke  ovens,  zinc  refining 
furnaces  and  heating  furnaces  of  various  types,  both  regenera- 
tive and  non-regenerative. 

As  stated,  the  waste-beat  boiler  of  to-day  was  developed 
with  low  temperature  gases,  and  its  largest  field,  until  the 
present,  has  been  witii  open-hearth  steel  furnaces.  For  this 
' reason  this  class  of  waste-heat  work  is  considered  first.  The 
following  is  an  abstract  of  this  consideration,  and  of  the  sections 
of  the  paper  devoted  respectively  to  cement  kihis，  copper  fur- 
naces, beeliive  coke  ovens,  heating  fu maces,  and  miscellaneous, 
including  zinc  furnaces,  nickel-refining  furnaces,  gas  benches, 
and  oil  stills. 

() pen-hcarfJi  Sfr tJ  Furnaces. — Under  this  heading  the 
paper  describes  in  detail  certain  features  of  installation  and 
operation,  some  of  which  refer  specifically  to  open-hearth 
work,  and  others  to  waste-lieat  work  in  general.  These  include 
location  of  boilers,  connecting  flues,  air  leakage,  cleaning, 
clampers,  and  explosions. 

The  application  of  waste-heat  work  to  open-hearth  steel 
furnaces  may  be  considered  new.  In  this  type  of  furnace  we 
have  the  best  and  by  far  the  most  numerous  examples  of  the 
regenerative  furnace.  From  the  very  nature  of  the  operation 
of  such  furnaces,  gas  temperatures  passing  to  the  stack  are 
low,  and  the  ability  of  the  modern  waste-heat  boiler  to  utilise 
successfully  these  gases  for  the  generation  of  steam  is,  without 
question,  the  best  proof  of  the  progress  in  the  development  of 
this  particular  class  of  boiler. 

Table  I. — Result.'^  of  Tests  of  IVff.stc^Ii rat  Boiler><  for 
[  Ope.nJiearth  Furnaces. 


Test  Numhor       ...  ... 

11 

2 

3 

4 

Plant         ...        .|.  … 

Illinois 

Indiana 

Bethlehem 

Lackawanna 

Steel  Co. 

Steel  Co. 

Steel  Co. 

Steel  Co. 

Location     ...        …  ... 

S.  Chicago, 

Gary, 

S.  Bethlehem, 

Buffalo, 

111. 

Ind. 

Pa. 

NY. 

Rated  capacity  of  furnace, 

t(»ns 

05 

75 

80 

Actual  production,  tons. 

722 

85 

82"; 

Boiler   

Stirling 

Rust 

B.  &  W. 

B.  &  W. 

Heating  surface,  sq.  ft... 

4,000 

4.880 

5,232 

5,407 

S\i])t'rhoater,  deg.  Fah... 

128 

176 

121 

97 

( ias  weight,  lb.  per  hour... 

73,000 

83,434 

1、 

78,947 

(J as  per  hour  per  sq .  ft. 

heating  surface  … 
'Vvn\ peratures  : ~ 
( ； as  entering  hoiler,deg.F. 

18'3 

17.1 

14.4 

14"; 

1227 

1155 

1302 

986 

( ！ as  Icavino-  l)oiler,  de^.F. 

621 

530 

493 

棚 

Drop  in  temp.,  deg.  F. ... 

"(m 

025 

8(i9 

518 

Draught  at  boiloj-  inlt't,  in. 

1.47 

1  *  55 

1.70 

Draught  at  boilei'  damper. 

in  

:")r> 

3-29 

Draught  loss,  in.  ...  ... 

1-78 

2.48 

1.74 

1.87 

Gross  h.p.  developed  … 

:m 

425.8 

:i(m 

Per  cent,  of  rated  rapac'ityG 

SO.(i 

SI. 4 

")().7 

Boiler  h.p.  to  fail  ... 

Net  horse-power  ...  ... 

401-5 

Approx.  transfer  rate  (/f) 

5.08 

0-92 

4.77 

5-12 

1  Average  of  ten  tests.  2  Approximate.  3  Motor-driven  fan,  ^  53  h.p. 
returned  in  feed-water  heater.  ^  Tilting  furnace.  All  ratings  on  basis 
of  10  sq.  ft.  per  horse-powoi'. 

Four  installations  of  waste-heat  boilers  for  open-hearth 
furnaces  are  described ― one  of  two  Stirling  boilers  at  the  plant 
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of  the  Illinois  Steel  Company,  one  of  28  Rust  boilers  at 
the  Indiana  Steel  Company,  one  of  Babcock  k  Wilcox 
boilers  at  the  Bethlehem  Steel  Company,  and  one  of  Babcock 
and  Wilcox  boilers  at  the  Lackawanna  Steel  Company- 
Results  of  tests  of  these  installations  are  compared  in  Table  I. 
A  typical  successful  layout  of  waste-heat  boilers  for  this 
class  of  work  is  illustrated  in  Fig.  1. 

Cement  Kilns. ― The  use  of  waste-heat  boilers  in  the  cement 
industry  is  not,  strictly  speaking,  new.  The  number  of  instal- 
lations, however,  has  been  extremely  small,  and  there  appear 
to  have  been  several  reasons  for  the  non-development  of  such 
boilers  in  this  field.  Reference  is  made  to  several  installations 
of  waste -lieat  boilers  with  cement  kilns,  the  first  of  which  are 
typical  of  early  waste-lieat  practice  while  the  last  is  represen- 
tative of  the  modern  design  of  this  class  of  boilers,  ilesults 
of  tests  of  these  installations  are  given,  from  which  the  advan- 
tages of  the  modern  waste-heat  design  are  shown. 

Copper  Furnaces, —— The  copper  furnaces  with  which  waste- 
heat  boilers  have  been  installed  may  be  classed  under  two 
general  heads  ：  smelting  furnaces  (matte  furnaces)  and  refin- 
ing furnaces.  Both  classes  are  fundamentally  the  same  in 
design,  though  for  metallurgical  reasons  dimensions  of  the  two 
classes  and  individual  furnaces  in  the  two  classes  are  varied 
considerably.  Experiences  of  the  Anaconda  Copper  Mining 
Company  with  Stirling  boilers,  of  the  Cananea  Copper  Com- 
pany w  ith  Stirling  and  Aultman  and  Taylor  boilers  installed 
with  copper  smelting  furnaces  are  described,  and  also  those  of 
the  Baltimore  Smelting  and  Refining  Company  with  Stirling 
boilers  utilising  the  waste  heat  from  copper-refining  furnaces. 
Other  refilling  companies  followed  the  Baltimore  Company  in 
this  practice,  and  the  author  is  familiar  with  over  11,000  h.p. 
of  boilers  with  refining  furnaces  alone. 

Beehive  Coke  Ovens. —— This  class  of  waste  heat  is  considered 
because  of  the  very  remarkable  results  being  secured  from 
modern  waste-heat  boilers  utilising  gases  from  beehive  ovens, 
and  because  of  the  possibilities  of  saving,  due  to  this  utilisation, 
until  such  time  as  beehive  ovens  are  replaced  (with  by-product 
ovens).  Furthermore,  there  are  available  figures  from  boiler 
installations  made  a  number  of  years  ago  for  this  class  of  work, 
and  from  a  comparison  with  the  results  to-day  the  great 
advance  in  the  design  of  waste-heat  boilers  may  be  readily 
seen.  - 

Even  granting  that  beehive  ovens  will  ultimately  be  re- 
placed with  by-product  ovens,  the  author  considers  that,  in 
numerous  plants,  an  installation  of  waste-heat  boilers  would 
pav  for  itself  many  times  before  such  a  change  could  be  made, 
and  til  at  it  would  be  entirely  possible,  too,  in  these  installations 
to  design  the  boilers  in  such  a  manner  that  at  the  time  of  re? 
placing  the  beehive  ovens  the  boilers  could  be  dismantled  and 
reset  either  for  burning  coal  or  coke  breeze,  or  to  be  fired  with 
by-product  coke-oven  gas. 

Heating  Furnaces. ― The  early  history  of  waste-heat  boilers 
applied  to  heating  furnaces  is  in  reality  the  early  history  of  the 
utilisation  of  waste  heat  in  general.  The  early  designs  of 
boilers  in  most  general  use  in  this  class  of  work  are  described 
and  illustrated,  this  being  followed  with  a  description  of  the 
first  waste-heat  boilers  of  the  strictly  modern  design  and  utilis- 
ing the  theory  of  high  gas  velocity,  these  boilers  being  installed 
by  the  Betlilelieni  Steel  Company. 

While  by  far  the  greatest  number  of  waste-heat  boilers  in 
service  are  in  the  industries  outlined  above,  there  are  numerous 
installations  in  plants  of  different  character.  In  this  miscel- 
laneous class,  while  tlie  number  of  installations  in  any  single 
industry  is  small,  reference  is  made  to  certain  of  these  to  give 
an  idea  of  the  wide  and  varied  field  for  development  in  the  use 
of  waste  heat. 


Prizes  for  Essays. ― The  Governors  of  the  Royal  Technical 
Colle^'o,  Olasgow,  at  the  request  of  certain  donors,  offer  prizes, 
am ouTitint;  to  £70,  for  essays  on  the  l)est  methods  of  training, 
and  employing  in  industries,  other  tlian  agriculture,  returned 
soldiers  and  sailors,  maimed  or  otherwise.  The  prizes  will  be 
awarded  by  a  Committee  of  the  Governors,  and  may  be  with- 
hel  d  ill  the  event  of  no  essay  of  sufficient  Trier  it  being  sub- 
mit ted.  The  decision  of  the  Committee  on  this  and  all  other 
points  will  be  final ,  Essays  must  be  sent  in  not  later  than 
March  1st，  1917，  addressed  to  the  Director,  the  Royal  Tech- 
nical College,  Glasgow. 


NEW  PATENTS. 

Specifications  of  the  following  are  now  publish  ed,  and  we  shall 
he  pleased  to  forward  copies  post  free  on  receipt  of  8d.  Address 
" Mechanical  Engineer/*  53,  New  Bailey  Street,  Manchester, 

MECHANICAL,  1915. 

Grinding  machines.    Fischer.  16775. 
Self  propelled  vehicles.    Watney.  16920. 
Rope-testing  machines,    Faulkner.  16968. 

Apparatus  fur  cooling  the  pistons  of  internal- combustioii  engines. 

Schmidt.  16986. 
Apparatus  for  cooling  and  purifying  gases.    Humphries.  17232. 
Turning  tool  holders.    Losch.  17251. 

Pistons,  piston  rods,  and  connecting  rods.    Vickers,  Ltd.,  McKech- 

nie,  &  Clear.  17307. 
Relieving  or  backing-ofF  motion  for  tool  carriers  of  lathes.  Smith. 

and  Coventry,  Ltd.,  and  Wright.  17334. 

1916. 

Manufacture  of  refractory  bricks  and  cement.     Twyii;)m，  T.  2. 
Chain  grips  or  wrenches  for  pipes.    Ross,  J.  1523. 
Reduction  of  ores.   Enstis,  F. 丄， Perin,  C.        and  Moa  Bay  Iron 
Company.  2713. 

Propellers  and  tractors  for  use  in  aerial  or  marine  propulsion  or 

traction.    Diggle,  S.,  and  Carter,  J.  P.  2815. 
Two-stroke   internal-combustion    engines  with    charging  pump. 

Chedrn,  G.  E.  3046. 
Feed-control-motions  for  machine  tools.    Holroydj  J.  3208. 
"Rotary  fans.    Stott，  0.  3497. 
Pressed  metal  wheels.    Simmons^  0.  G.  3965. 
Coke-oven  recnpprative  systems.    Christopher,  J.  E.  4041. 
Flexible  joints  for  fluid-pressure  pipes.    Cross,  W.  6830. 
Automatic  res;n]ation  of  the  supply  of  water  softening  reagents. 

Player,  R,  and  AVeddell,  E.  7272. 
Lock  lints.    Pratt,  J.  J.，  and  Mnclcl>nTian,  E.  7309. 
Process  for  the  application  of  firmly  adhorent  metal  coatings  upon 

iron  and  steel  cylinders.    Preschlin,  P.  E.  7393. 
Distribntino;  valves  for  hydraulic  machinery.    Davenport,  T.  W. 

7504.  ' 
Devices  for  converting  rotarv  into  reciprocating  motion.  Shira, 

J.  A.    8358.  • 
Foundry  mouldinp;  apparatus.    Clark,  G.  C.  8854. 
Carburetter  for  intern al-comhustion  engines.    Adams.  C.  H.，  and 

Rath,  A.  J.  9245. 
Vaporiser  for  intprnal-coinbnstion  engines.    Khan,  J.  R.  11035. 
Lock  nuts.    Hall,  T.  E.    11588.  ^ 

ELECTRICAL,  1915. 

Dynamos.    Chitty.  12748. 

Electro-matjiietically  operated  clutches.    Lancashire  Dynamo  and 

Motor  Company,  and  Hargreaves.  14026. 
Electric  vacuum   devices.     British   Thomson  TTouston  Company. 

15555.  .  、 

Electric  switches.    International  Electric  Company,  and  Le  Noir. 

16993. 

Rotary  converters.    Schroeder.  17155. 

Electro-magnetic  switclies.  British  Thomson-Houston  Company. 
17195.  • 

Apparatus  for  reversing  the  polarity  of  electric  circuits.  Orlins. 
and  Orling's  Telegraph  Instruments  Syndicate,  Ltd.  17260. 

Means  for  efFectiii^;  remote  control  of  apparatus  driven  by  elec- 
tric motors.    Pickett,  and  Tj^raiiio  Electric  Company.  17265. 

Automatic  ami  seini-antomatic  telephone  systems.  Relay  Auto- 
matic Telephone  Company,  and  Heriiik.  17386. 

1916. 

Casings  for  electric  wires.    Modi,  A.  K.  203. 
Sparking  pln^s-    Evans^  J.  L.  1897. 

AVall  boxes  for  containing:  electrical  switches.  ！ Read,  A.  Franks, 

J.  E,,  and  Brooks,  M.  2044. 
Starting  and  stopping  devices  for  electric  motors.  Henderson, 

J.  G.  6589. 

Electric  signalling  apparatus.    "R  itchie,  F.  7f>16. 
Teleplion-p  systems.    Merriman,  E.  9179. 

Methods  of  and  apparatus  for  producing  asyinetric  waves  of 
electromotive  force.  British  Westiiit^lionse  Electric  and  Manu- 
facturing Company.  9927. 


The  John  Fritz  Medal. 一 This  medal  was  recently  presented 
to  Dr.  Elihu  Thomson  for  "  Achievements  in  Electrical  In- 
ventions, &c.，，  The  medal  is  awarded  from  time  to  time  for 
notable  scientific  or  industrial  achievements,  and  was  pro- 
vided for  in  a  fund  subscribed  in  memory  of  the  engineering 
pioneer,  John  Fritz. 


HIGH-CLASS 

GRINDING  WHEELS. 

UP-TO-DATE 

GRINDING  MACHINES. 


Mitchell's  Emery  Wheel  Co. 

Lion  Wot^ks,  Bradford, 


Telephone  ： 
575  Central. 


Telegrams  : 
Diameter,  Manohkstkr. 


SEND    FOR    NEW  LIST. 


PATENT  EXTRUDED  METALS. 

Rods  of  any  Section  in 

Brass,  Bronze,  Yellow  Metal,  Copper, 
Naval  Brass,  Delta  Metal,  ^c. 

Original  and  Largest  Manufacturers  : 

The  DELTA  METAL  GO.  Ld.  ro'uTouXT 

Works;  London  and  Birmingham. 


FOR 

SUPERHEATED 


METALLIC 
FACED 
PACKING. 


S.  REDFERN  &  (50.，2^?：^«1又"16 

MANCHESTER. 

Belfast  Office  :  51，  Church  Lane.   Tel.  2215. 


VALUATIONS  FOR  ALL  PURPOSES. 

WOOD&NEWLAIMD 

42,  Spring  Gardens,  Manchester. 
VALUERS  &  AUCTIONEERS 

To  Engineering  and  Allied  Trades. 


Telegrams  i. 
" Certificate." 


Telephone 
City  2936. 


STEAM  TRAP. 


OVER 

130,000 

SOLD. 

Works  at  all  Pressures  without  Adjustment. 
Made  in  all  sizes  from  fin.  to  Sin.  inlet. 

ROYLES  LIMITED,  Manchester. 


(oZ- 卜 o  b 
M 曰 


Friday, 
December  29, 
1916. 


WORKS,  L 

COVENTRY, 

SMALL  TOOLS  OF  HIGH-SPEED  STEEL 
DRILLS,  MILLING  CUTTERS,  AND  REAMERS 


D 

T 


0 

E 
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MASSIVE  DESIGN. 

SUITABLE  FOR  HIGH  PRESSURES. 

SEATINGS  EASILY  RENEWED  WITHOUT  THE  USE 
OF  SPECIAL  TOOLS. 


Telephone  No.  42 


SEND  FOR  LIST. 


Telegrams, 
" Harlow,  Stockport. 


SON.  STOCKPORT 


CLASSIFIED    LIST   OF    ENGINEERING  SPECIALITIES. 


AIR  COMPRESSORS 
In^ersoli  Rand  Co.,  London 

ALLOYS  {See  Metals) 

ALUMINIUM 
Harlow  dt  Son,  R.，  Stockport 

ARTESIAN  WEIL  BORING 
Uather  <fc  Piatt,  Ltd.,  Manchester 

ASBESTOS  GOODS 
Harlow  &  Son,  R.,  Stockport 
Turner  Bros.,  Ltd.,  Kochdale 

BELTING 
Dermatine  Co.,  Ltd.,  London 
Reddaway  <fe  Co.,  Ltd.,  F.,  Manchester 

BOILRR  AND  ENGINR  INSURANCE 
British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 
National     Boiler    Insurance    Co.,  Ltd., 
Manchester 

BOILER  MOUNTINGS  AND  FITTINGS 
Bailey  &  Co.,  Ltd.,  Sir  W.  U.,  Salford 
Harlow  <t  Son,  R.,  Stockport 

Dcaster  &  Tonge,  Ltd.,  Pendleton 
Neil,  Ltd.,  Chas.'  Glasgow 
Royles,  Ltd.,  Irlarn,  Manchester 
RuBsell  &  Co.,  Ltd.,  John,  Walsall 
Sch&fTer  A  Budenberg,  Ltd.,  Broadheath, 

near  Manchester 
Wlllcoi  &  Co.,  Ltd.,  W.  H,，  London 

BOILERS,  STEAM 
Penman  &  Co.,  Glasgow 
Tinker,  Shenton,  &  Co..  Ltd.,  IlycJe 
Yates  <b  Thorn,  Blackburn 

BOLTS  AND  NUTS 
Automatic  Standard  Screw  Co.,  Ualifaz 

BOOKS,  TECHNICAL 
CaxtOQ  Publistiing  Co..  LM.,  London 
Foylc,  W.  &  G.'  I^ondon 
(irifflo  &  Co.,  Ltd.,  Chas.,  London 
Scientific  Publishing  Co.,  Mancliester 

BRASS  FOUNDERS 
Delta  Metal  Co.,  Ltd.,  London 
Uarlow  (k  Son,  It.,  Stockport 
Lancaster  &  Tonge,  Ltd.,  Pendleton 

CALCULATORS.  MtCUANlCAL 
Kowler  <fe  Co.,  Mancliestcr 
Stanley  &  Co.,  Ltd..  W.  F.,  London 
Thornton,  A.  O.,  Manchester 

"CAMFI.  HAIR"  BKITING 
& cdiaway  A  Co.,  Ltd.,  F.,  MjtDchester 


CASTINGS.  IRON  AND  STEEL 

Brown  liayley's  Steel  Works,  Ltd.,  Sheffield 
Delta  Metal  Co.,  Ltd.,  London 
Fairley  &  Sous,  Jas.,  Birmingham 
Hadfleld's  Steel  Foundry  Co.,  Ltd.,  Sheffield 

CHAINS,  DRIVING 

Coventry  Chain  Co.,  Ltd.  CoTeatry 

CHUCKS 

WLUnes,  H.,  Bradford 

CLUTCHES  (See  Friction  Chitches) 

CONDENSERS 

Lancaster  &  Tonge,  Ltd..  Pendleton 
lloyles,  Ltd.,  Irlam,  Manchester 

CONSULTING  ENGINEERS 

British  Engine,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  Insurance  Co.,  Ltd. , 
Manchester 

COPPERSMITHS 
Harlow  &  Son,  R.，  Stockport 

COUPLINGS,  SHAFT 

Bridge  &  Co.,  Ltd.,  D.,  Manchester 

CRANK  PIN  TURNING  MACHINES 

Gardner  &  Sods，  Ltd.,  L"  Manchester 

DKRMATINE  VALVES.  BELTING.  &c. 

Dermatine  Co.,  Ltd.,  Londou 

DRAWING   INSTRUMENTS  AND 
MATERIALS 

Stanley  &  Co.,  Ltd.,  W.  F.,  London 
Thornton,  A.  G.，  Manchester 

DRILLS,  TWIST 

Coventry  Ordnance  Works.  Ltd.,  Coventry 
Firth  &  Sous,  Ltd.,  Tlios.,  Slieffield 

DYNAMOS  AND  MOTORS 

(.Vee  J'Uectric  Motors,  <^c.) 

ECONOMISERS 
Green  &  Son,  Ltd.,  E.，  Manchester 

EKKCTRIC  MOTORS,  DYNAMOS  &c. 

rdner  &  Sons,  Ltd.,  L.,  Manchester 
ttier  &  Piatt,  Ltd.,  Manciieater 

ELECTRICAL  MACHINERY,  INSURANCE 
OF 

British  En^nc,  Boiler,  and  Electrical  In- 
surance Co.,  Ltd.,  Manchester 

National  Boiler  InBiirance  Co.,  Ltd.. 
Manchester 


EMERY  WHEELS 
Mitchell's  Emery  Wheel  Co.,  Manchester 

ENGINES  {See  Steam,  Gas,  and  Oil) 

FEED-WATER  HEATERS 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Royles,  Ltd.,  Irlam,  Manchester 

FILTERS  FOR  TOWN  SUPPLIES. 

Mather  <fe  Piatt,  Ltd.,  Manchester 

FIRE  PROTECTION  EQUIPMENT 

Mather  &  Piatt,  Ltd.,  Manchester 

FLEXIBLE  TUBING 

United  Flexible  Metallic  Tubing  Co.,  Ltd. 
London 

FORCINGS  AND  STAMPINGS 

Brown  Bay  ley's  Steel  Works,  Ltd.,  Sheffield 
Delta  Metal  Co.,  Ltd.,  London 
Fairiey  &  Sons,  J.,  Birmingham 

FOUNDRY  LADLES 
McNeil,  Ltd.,  Chas.  Glasgow 

FRICTION  CLUTCHES 

Bridge  &  Co.,  Ltd.,  D.,  Manchester 
Keddaway  &  Co"  Ltd.,  F.,  Manchester 

lUSIBLE  PLUGS 

Lancaster  A  Tonge,  Ltd.,  Peodleton 
National     Boiler     Insurance     Co.,  Ltd., 
Manchester 

GAS  ENGINES 

Gardner  &  Sons,  Ltd,,  L.,  Manchester 
Mather  &  IMatt,  Ltd.,  Mauciiester 

GAS  PRODUCKRS 

Gardner  &  Sous,  Ltd.,  L.,  Manchester 

GAUGE  GLASSES  AND  PROTECTORS 
Guilbert-Martin,  London 
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Fig.  1. ― Fowler's  Calculator.    Front  Dial  (Type  H). 

Can  be  supplied  with  Back  Dial  like  Fig.  3  or  like  Fig.  4. 
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No.  3  is  a  scale  of  logarithms.  No.  4  is  a  scale  of  square  roots. 
No.  5  is  a  scale  of  sines  of  an  files. 


Fig.  2.— Fowler's  Calculator,  Front  Dial  (Type  R). 
Can  be  supplied  with  Back  Dial  like  Fig,  3  or  like  Fig.  4. 
Type  11  is  specially  designed  for  tabular  work,  or  where  calculations 
are  required  to  be  made  with  greater  accuracy  tban  is  possible  in 
Type  H,  where  the  length  of  the  scale  is  a  single  circumference.  In 
Type  R  the  outer  scale  is  complete  in  a  siuf^le  circle  as  in  Type  H， 
and  can  be  used  for  multiplication  and  division  iu  the  same  way. 
The  five  remaiBing  circles  constitute  one  scale  '24iu.  long,  and  is 
practically  equal  to  a  straight  slide  rule  48in.  long.  The  scale, 
although  extending  over  the  five  circles,  is  used  precisely  in  the 
same  way  as  the  single  outer  circle,  though  the  outer  scale  is  con 
venient  for  ascertaining  the  precise  circle  of  the  inner  scale  on 
which  to  read  the  result. 


Alternative  Back  Dials. 


Fig.  3— Cube  Root  Back  Dial. 


Fig.  4. ― Conversion  Scale  Back  Dial. 


When  Ordering  please  say  which   back  dial  is  desired. 

Full  descriptive  Circular  post  free  on  application. 
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Engineering  Tables  and  Data. ― For  the  use  of  Engineer- 
ing Students.  Gives  a  large  number  of  tables  frequently  required 
by  stud^ts  in  the  laboratory  in  convenient  form.  By  W.  W.  F. 
PuLLEN,  Wh.Sc,  Assoo.M.Inst.C.E.,  &c. 

Price  1/8,  post  free. 敏 

The  Combustion  of  Fuel. ― With  special  reference  to  smoke 
prevention.  Contains  numerous  illustrations  of  mechanical 
stokers,  forced  draught  furnaces,  and  refuse  destructors.  By  W. 
W.  F.  Pullbn,  Wh.Sc,  Assoc. M. Inst. C.E.,  &c. 

Price  3/8,  post  free. 

Practical  Pattern  Making. ― A  treatise  for  the  use  of 
Pattern  Makers,  Foundrymen,  Apprentices,  and  others.  Pro- 
fusely illustrated.    By  Hebbsbt  Aughtie,  A.M.I.Mech.E. 

Price  4/5，  post  free. 

How  to  Design  a  Gas  Engine. ― With  full  working  draw- 
ings of  a  7-b.h.p.  gas  engine.    By  Horacb  Allen. 

Price  2/1  0，  post  free. 

Metallurgy  of  Iron  and  Steel. ― Covers  the  whole  field  of 
the  metallurgy  of  iron  and  steel.  Second  Edition,  revised 
and  enlarged.  By  A.  Humboldt  Skiton,  F.I.C.,  F.C.S.,  and 
J.  S.  G.  Pbimrose,  A.G.T.C.,  A.I.M.M. 

Price  1  3/-,  post  free. 

Steam  Engineering. ― A  treatise  on  boilers,  steam,  gas,  and  oil 
engines,  and  supplementary  machinery,  with  instructions  for 
carrying  out  numerous  simple  experiments.  Fifth  Edition.  By 
W.  W.  F.  Pullbn.  Wh.Sc,  A.M.Inst.C.E. 

Price  4/6,  post  free. 

Machine  Tools- ― A  treatise  on  the  design  and  construction  of 
planing,  shaping,  slotting,  drilling,  boring,  milling,  wheel 
cutting  machines,  &o.    By  Thos.  R.  Shaw,  A.M.I.Mech.E. 

Price  15/6,  post  free. 


Lathes,  Screw  Machines,  Boring  and  Turning 
Mills. 一 A  practical  treatise  on  the  design  and  construction  of 
turning  machines,  including  lathes,  automatic  screw  machines, 
boring  and  turning  mills,  and  their  accessories.  By  Thos.  R. 
Shaw,  A.M.I.Mech.E.  Price  1  5/6,  post  free. 

Alloys  (Non-feprous)« ― A  treatise  on  the  structure,  properties, 
and  preparation  of  brasses,  bronzes,  white  alloys,  nickel  alloys, 
alloys  of  the  precious  metals,  &c.  By  A.  Humboldt  Sexton,  F.I. C, 
F.C.S.  Price  7/11,  post  free. 

Modern  Locomot i ve  Practice. ― A  treatise  on  the  design, 
construction,  and  working  of  steam  locomotives.  By  C.  E. 
Wolff,  B  Sc.,  A.M.Inst.C.E. 

Price  1 0/1 1 ,  post  free. 

Practicat  Dynamo  and  Motor  Testing. ― A  treatise  on 
the  methods  and  instruments  used  in  the  testing  of  dynamos  and 
motors.  Fourth  Edition.  By  Chablbs  F.  Smith,  Wh.Sc, 
A.M.I.E.E.  Price  5/5,  post  free. 

Practical  Alternating  Currents  and  Alternating 
Current  Testing, ― Deals  in  an  elementary  and  practical 
manner  with  the  principles  of  alternating  currents  and  alter- 
nating current  machinery.  Fifth  Edition.  By  Charles  F. 
Smith,  Wh.Sc,  A.M.I.E.E.  Price  6/6，  post  free. 

Com  pressed  Air. 一 A  treatise  on  the  theory  and  practice  of 
pneumatic  power  transmission.  By  W.  C.  Popplbwkll,  M.Sc, 
A.M.Inst.C.E.  Price  7/1 1 ,  post  free. 

Ppoducep  Gas, ― A  treatise  on  the  properties,  manufacture,  and 
uses  of  gaseous  fuel.    By  A.  Humboldt  Sexton,  F.I.C.,  F.C.S. 

Price  1 0/5,  post  free. 

Steam  Turbines  and  Turbo  Compressors. ― A  treatise 
on  their  design  and  construction.    By  Frank  Foster,  M.Sc. 

Price  10/11,  post  free. 

Copposion  and  Protection  of  Metals. — With  special 
reference  to  the  preservation  of  engineering  structures.  By  A. 
Humboldt  Sexton,  F.I.C,  F.C.S.    Price  5/5,  post  free. 

Gas  and  Oil  Engines' ― A  treatise  on  the  design,  construction, 
and  working  of  internal  combustion  engines,  operated  by  gas  from 
towns  mains,  blast  furnaces,  pressure  and  suction  producers,  as 
well  as  by  oil  and  petrol.    By  Horace  Allien. 

Price  13/-,  post  free. 

Stationary  Steam  Engines. ― Illustrated  with  numerous 
examples  from  actual  practice.  Edited  by  William  H.  Fowler, 
Wh.Sc,  M.Iast.C.E.  Price  13/-,  post  free. 

The  Common  Metals  (N on -ferrous)- ― The  metallurgy 
of  copper,  tin,  zinc,  lead,  antimony,  aluminium,  and  nickel .  By 
A.  Humboldt  Sexton,  F.I.C,  F.C.S.,  and  John  S.  G.  Frimbosb. 

Price  7/1 1 ,  post  free. 

Principles  and  Practice  of  Ironfounding. ― A  treatise 
on  modern  foundry  practice.    By  E.  L.  Rhbad,  F.I.C,  F.C.S. 

Price  7/1 1 ,  post  fnee. 
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Advertisements  should  reach  lis  not  later  than 
first  poM  on  Wednesdcnf  morning.  Ronif fauces 
by  postal  order  or  italf-pen  ny  stamps.  All  rom- 
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ment  Dept.,  Mechanical  Engineer  Office, 
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SITUATIONS  VACANT. 


East  Sussex  County  Asylum,  Hellingly. 

WANTi:i).  at  otK.T.  oil  tlK-  temporary  staiV.  STKAM 
KITTEK  AND  MECHANIC.  Experu'iice  with 
steam  boilers  mid  t'litiines.  steain  cooking  and  lientiiifi 
plant,  and  laundry  luachinery  <lesiiable.  Whmcs  9(1.  por 
hour,  ininiinuui  of  .VI  hours  inn*  week.  Tuelwiblo.  Apply, 
stating  age  and  expeiienco  with  cojneK  of  two  or  nioi'i' 
recent  testiiMonials.  to  tho  Krs^i'U'i"  EnuiiH'cr.  ;\i  Ww 
Asylnm. 


ROYAL  NAVY.— FitU'is,  】'，itU;i's  and  Turners,  a^e  21 
and  upwards,  wanted  for  the  period  of  hostilities 
foi'  service  as  Kiif^ine-room  Artificers  ；  men  with  Board 
of  Trade  certificates  as  eutiineer  are  specially  wanted.— 
Apply  personally,  or  by  leiU'i*.  to  Admiralty  Recruit- 
ing Dept.,  Great  Scotland  Yard.  Whitehall  S.W.  Candi- 
dates can  be  put  in  touch  with  the  nearest  Recruiter  to 
their  homes.  Men  already  engaged  on  Government 
work  need  not  apply. 


VOLUNTEERS  FOR  THE  ROYAL  NAVY. 

At  the  re(iuest  of  tbe  Lords  Commissioners  of  the 
Admiralty,  the  Ministry  of  Munitions  is  prepared  to 
consider  the  cases  of  skilled  artisans  who  are  volunteers 
for  service  in  the  Royal  Navy,  but  who.  being  '•  starred  '， 
or  "  badged,"  are  not  available  for  entry,  and  to  arrange 
for  the  release  of  such  volunteers  where  that  course  is 
possible. 

Trades  Wanted  :  Engine  Fitters.  Fitters  and  Turners, 
Coj>i>ersmiths,  Boilermakers,  and  Engine  Smiths, 
The  names  of  such  volunteers  will  be  registered. 
For  particulars  apply  to 

Thf.  Inspector  of  REmuixiMG. 

Admiralty  Kecruitiiig  Derartment. 

Great  Scotland  Yard,  S.W. 
(Men  employefl  in  establishments  owned  by 
Government  need  not  apply.) 


MACHINERY,  &c"  WANTED. 


AUTOMATIC  MACHINES.— Engineering  firm  (brass, 
copper,  &c.)  is  desirous  of  laying  down  Automatic 
Machinery  with  a  view  to  the  further  enlargement  of 
their  business.  Makers  or  agents  for  such  machinery  to 
give  pavticulfti's  to  Box  13.207,  "  ISIechanical  Engineer." 
New  Bailey  Street,  Manchester. 


BOOKS  FOR  ENGINEERS. 


THE  SLIDE  RULE  AND  WATCH  CALCULATOR. 

― A  work  dealing  with  the  capacity  and  method 
of  using  the  slide  rule  or  its  later  development, 
the  pocket  or  watch  form  of  calculator.  Price 
IS.  Id.  post  free. 

THE  COMBUSTION  OF  FUEL— With  special 
retereiice  to  smoke  prevention.  Contains  nume- 
rous illustrations  of  mechanical  stokers,  forced- 
draught  furnaces,  and  refuse  destructors.  By 
\V.  W.  F.  PULLEN.  Wh.Sc.  &c.  Price  3s.  sd.  post 
free. 

ENGINEERING  TABLES  AND  DATA— For  the 

use  of  Engineering  Students.  Gives  a  large  num- 
ber of  tables  frequently  required  by  students  in 
the  laboratory  in  convenient  form.  By  W.  W.  F. 
PULLEN.  Wh.Sc,  A.M.Inst.C.E.  Price  2s.  ed.  post 
free. 

WORKING  OF  STEAM  BOILERS,  being  instruc- 
tions respecting^  the  working,  treatment,  and 
attendance  of  steam  boilers.  For  the  use  of 
boiler  attendants  and  those  in  charge  of  and 
responsible  for  steam  boilers.  By  EDWAED  G. 
KILLER.  B.Sc,  M.Inst.C.E..  &o.,  Chief  Engineer 
National  Boiler  and  General  Insurance  Company, 
Ltd.  Price  IS.  8d.  post  free  (paper  covers),  2s.  2d. 
post  free  (cloth). 

STEAM  EriCINEERINC— A  treatise  on  boilers, 
steam,  gas,  and  oil  engines  aud  supplementary 
machinery,  with  instructions  for  carrying  out 
numerous  simple  experiments.  By  Prof.  W.  W.  F. 
PULLEN,  Wh.Sc.,  A.M.Inst.C.E.  Price  4s.  5d.  post 
free. 

TESTING  AND  STRENGTH  OF  MATERIALS 
OF  CONSTRUCTION.— A  treatise  on  the  methods, 
machines,  and  instruments  used  in  the  testing 
of  materials  of  construction.  By  W.  C.  POPPLE- 
WELL,  M.Sc.    Price  lOs.  lOd.  post  free. 

COMMERCIAL  MANAGEMENT  OF  ENGINEER- 
ING WORKS. ― A  comprehensive  work  dealing 
vvitli  the  best  methods  of  conducting  the  com- 
mercial side  of  an  engineering  establishment. 
Bv  F.  Cr.  BURTON.   Price  i2f;.  lOd.  post  free. 

DISTINCTON  MULTIPLE  BOILER  EXPLO- 
SION and  other  Multiple  Boiler  Explosions.  By 
EBWAED  G.  HILLEE.  B.Sc,  M.Inst.C.E.,  &c.  Price 
IS.  2d.  post  free  (paper  covers). 

LATHES,  SCREW  MACHINES,  BORING  AND 
TURNING  MILLS. ― A  practical  treatise  on  the 
design  and  construction  of  turning  machines, 
including'  lathes,  automatic  screw  machines, 
boring'  and  turning'  mills,  and  their  accessories. 
By  THOS.  R.  SHAW.    Price  I5s.  6d.  post  free. 

COMPRESSED  AIR.— A  treatise  on  the  theory 
mid  prnct ioe  of  pneumatic  power  transmission. 
By  W.  C.  POPPr.EWELU  M.Sc.  A.M.Inst.C.E.  Price 
7s  I0d.  post  free. 

PRODUCER  CAS. ― A  treatise  on  the  properties, 
manufacture,  and  uses  of  gaseous  fuel.  By  Prof. 
A  HUMBOLDT  SEXTON,  F.I.G.,  F.C.S.  Price  lOS.  4d. 
post  free. 

STEAM  BOILER  CONSTRUCTION.  By  EDWARD 
G  IIILLER.  B.Sc.  M.Inst.C.E..  &c.  Price  is.  2d. 
post  free  (paper  covers},  is.  8d.  post  free  (cloth). 

INDICATOR  DIAGRAMS.— A  treatise  on  the  use 
of  the  in  di  oat  or  and  its  application  to  the  steam 
engine.  By  W.  VV.  F.  PULLEN.  Wh.Sc.  Price  6S.  4d. 
post  free. 
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KIRBY  BANKS  SCREW  Co.  Ld. 

Albert  Screw  Works, 
MEADOW  LANE,  LEEDS. 


Manufacturers  of  all  descriptions  of 

REPETITION  WORK 

BLACK   OR  BRIGHT. 


FRICTION  CLUTCHES 

(HKYWOOD  &.  BRIDGE'S  PATENT) 

Have  stood  the  test  on  all  drives. 

Can  be  put  in  and  out  of  gear 
when  running  at  full  speed  without 
any   shock  or  jar   taking  place. 


 —— MODERN  

MILLWRIGHT'S  WORK. 

We  have  fitted  up  a  large  number  of  Cotton 
Mills,  Factories,  Works  at  home  and 
abroad  with  Millwright's  Work  throughout. 

Send  for  200  page  Catalogue,  free. 

DAVID   BRIDGE  &  CO.,  Ltd., 

SOLE  MAKERS, 

Transmission   Works,  Castleton, 
MANCHESTER. 
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LUBRICATORS 
Lancaster  <t  Tonge,  Ltd.,  Pendleton 
Schaffer  &.  liudenberg,  Ltd.,  Broadheath, 

near  Manchester 
Trier  Bros.,  London 
WiUcox  &  Co.,  Ltd.,  W.  H.,  London 

MACHINR  TOOLS 

Gardner  &  Sons,  Ltd.,  L.,  Mauuheater 
Harlow  &  Son,  R.，  Stockport 
Millies,  Henry,  Bradford 
Parkinson  &  Son,  J.,  Shipley 

MATHKMATICAL  INSIRIJMENTS 
Scientific  Publish  in  g  Co"  Mancliestcr 
Stanley  &  Co.,  Ltd -,  W.  F.,  Loodou 
Thornton,  A.  G.,  Manchester 

MRTALMC  PACKINGS 

Lancaster  A.  Tonge,  Ltd.,  Pendleton 
Red  fern  &  Co.,  ti.,  Manchester 
United  States  Metallic  Packing  Co.,  Ltd. 
Bradford 

MKTAI.S  AND  AM.OYS 
Brown  Bayley'B  Steel  Works,  Ltd.,  Sheffield 
Delta  Metal  Co.,  Ltd.,  London 
Fairley  &  Sons,  James,  Biriningliam 
Ha("id(i'8  Steel  Foundry  Co.,  Ltd.,  Sheffield 
Uarlow  &  Son,  It.,  Stockport 

MILLING  CllTTKRS 
Coventry  Ordnance  Works,  Ltd.,  Coventry 

MINING  MACHINERY 

Mattjer  <t  Piatt,  Ltd.,  Manchester 

NON-CONDIXTING  COMPOSITION 
(See  Boiler  Coverings) 

OIL  ENGINKS 
Gardner  <t  Sods,  Ltd.,  L.,  Manchester 
OIL  ( See  LubricaniH) 

OVERHEAD  TRAVEI 丄 KKS 
Mather  &  Piatt,  Ltd.,  Manchester 

PACKINGS.  STEAM  AND  HYDRAllIJC 
Lancaster  &.  Tonge,  Ltd.,  Pendleton 
Redfcm  &  Co..  S.，  Manchester 
Turner  Bros.,  LM..  Rochdale 
United  States  Metallic  Packing  Co.,  Ltd., 

Bradford 


PAINT  FOR  IRON  AND  STEEL 

Wailes,  Dove  Bitumastic.  Ltd.,  Newcaatle- 
on-Tyne 

PATENT  AGENTS 
0'I5  :eD.  J.  Owden,  Manchester 

PIPES  {See  Tubes) 

PISTONS  AND  RINGS 

Laucaster  &  Tonge,  Ltd.,  Pen  die  ton 

PRESSURE  GAUGES 

Scliaffer  &  Budenlierg,  Ltd.,  Broatllieath, 
ucar  Manchester 

PRINTKRS  AND  Pl]BUSHERS 

t'ii.xloii  l'ubIishiir-4  Co..  Ltd..  Londou 
GriHin  &  Co.,  Uci.，  Chas.,  London 
ScicDlillc  Publishing  Co.,  Mancliester 

PULLEYS 

Bridge  &.  Co.,  Ltd,,  D.,  Manchester 

PUMPS 

Lancaster  &  Tonge,  Ltd.,  Pendleton 
Mather  &  riatt,  Ltd.,  Manchester 
WiUcox  &  Co.,  Ltd.,  W.  U.,  London 

RKAMERS 

Coventry  Ordnance  Works,  Ltd.,  Coventry 

RECORDING  GAUGES  (See  Ganges) 

REDUCING  VALVES 
Bailey  &  Co.,  Ltd.,  Sir  W.  H.,  Salford 
Lancaster  &  Tonge,  Ltd.,  Pendleton 
Royles,  Ltd.,  Irlam,  Manchester 
Schatfer  &  liudenberg,  Ltd.,  Broadheath , 

Dear  Manchester 
Sugden,  T"  Ltd.,  London 

REFUSE  DESTRUCTORS 

(See  Destructors) 

SAFETY  VAI.VKS 
Harlow  &  Son,  R.，  Stockport 
Schaffer  &  Budenberg,  Ltd.,  Broadheath , 
near  Manchester 

SCREWS,  MACHINES 
Automatic  Staod&rd  Screw  Co.,  HaLUax 
Kirby  Banks  Screw  Co.,  Ltd.,  Leeds 


SHAFTING 

Bridge  &  Co.,  Ltd.,  D.,  Salford 
Lancaster  &  Tonge,  Ltd.,  Pendleton 

SLIDE  RULES 

Fowler  &  Co.,  Manchester 

Stanley  &  Co.,  Ltd.,  W.  F.，  London 

Thornton,  A.  G.,  Manchester 

SPFED  RECORDERS 

Schaffer  &  Budeuberg,  Ltd.,  Broadheath, 
near  Manchester 

SPRINGS 

Brown  Bayley's  Steel  Works,  Ltd.,  Sheffield 
Lancaster  &  Tonge,  Ltd.,  Pendleton 

STEAM  BOILERS  ('See  ISoilera) 

STEAM  DRYERS 

Lancaster  &  Tonge,  Ltd.,  Pendleton 

STEAM  PACKINGS  (See  Packings) 

STEAM  TRAPS 

Harlow  &  Son,  R.,  Stockport 
Lancaster  <fe  Tonge,  Ltd.,  Pendleton 
Koyles,  Ltd.,  Irlam,  Manchester 
Scliaffer  &  Budenberg  Ltd.,  Broadheath, 
near  Manchester 

STEEL  CASTINGS  {See  Castings) 

STKEL  FORCINGS  MANUFACTURERS 

Brown  Bayley's  Steel  Works  Ltd.,  Sheffield 
Fairley  &  Sons,  J.,  Birmingham 
Hadfleld's  Steel  Foundry  Co.,  Ltd.,  Sheffield 

STEEL  MANUFACTURERS 
Brown  Bayley's  Steel  Works,  Ltd,,  Sheffield 
Fairley  &  Sons,  J.,  Birmingham 
Uadfleld's  Steel  Foundry  Co.,  Ltd..  Sheffield 

STEEL.  TOOL 
Fairley  &  Sons,  J.,  Birmingham 
Hadfleld's  Steel  Foundry  Co.,  Ltd.,  Sheffield 

STOKERS,  MKCHANICAL 
Proctor,  J.,  Burnley 

SUPERHEATERS 
Sugden,  Ltd.,  T.,  London 

TANKS 

Matter  &,  Piatt,  Ltd.,  Manchettei 

TAPER  PINS 
Mountford,  Fredk.  Ltd.,  Binniagbam 


TEXTILE  MACHINERY 

Mather  &  Piatt,  Ltd.,  Manchestei 
Piatt  Bros.  &  Co.,  Ltd.,  Oldham 

THERMOMETERS 

Schaffer  &  Budenberg,  Ltd.,  Broadheath 

near  Manchester 
Sugden,  Ltd.,  T.,  London 

TUBES  AND  FITTINGS 

Delta  Metal  Co.,  Ltd.,  London 
Stewarts  &  Lloyds,  Ltd.,  Birmingham 
United  Flexible  Metallic  Tubing  Co.,  Ltd., 
Loudon 

WUIcox  &  Co.,  Ltd.,  W.  H.，  London 

TURBINE  PUMPS 

Mather  &  Piatt,  Ltd.,  Manchester 

VALUERS  AND  AUCTIONEERS 
Wood  &  Newlami,  Manchester 

VALVES  AND  TAPS 
Bailey  &  Co.,  Ltd.,  Sir  W.  H.，  Salford 
Dermatine  Co.,  Ltd.,  London 
Harlow  &  Soq，  R.,  Stockport 
Lancaster  A  Tonge,  Ltd.,  Pendleton 
Mather  &  Piatt,  Ltd.,  Manchester 
Royleg  Ltd.,  Irlam,  Manchester 
Schaffer  a  Budenberg,  Ltd.,  Broadheath 

Dear  Manchester 
Stewarts  &  Lloyds,  Ltd.,  Birmingham 
Sugden,  Ltd.,  T.，  London 
WiUcor  &  Co.,  Ltd.,  W.  H..  London 

VICES 

Parkinson  &  Son,  J.，  Shipley 

WATCHES 
Scientific  Publishing  Co.,  Manchester 

WATER  GAUGES 
Harlow  &  Son,  R.'  Stockport 
Lancaster  &  Tonge,  Ltd.,  Pendleton 
Schaffer  &  Budenberg,  Ltd.,  Broadheath 
near  Manchester 

WATER-MEASURING  INSTRUMENTS 

Lea  Kecorder  Co.,  Manchester 

WATER  SOFTENING  PLANT 

Mather  &  Piatt,  Ltd.,  Manchester 
Royles,  Ltd.,  Irlam,  Manchester 

WHEEL  GEARING 
Bridge  &  Co.,  Ltd..  D.,  Salford 
Jones,  Ltd.'  George,  Birmingham 
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RELIABLE    LOW- WATER  SAFEGUARD. 


，， Patent 
Fusible  Plugs. 


IMPROVED  VALVE  SEATED  '   FUSIBLE  PLUG. 
Screwed  1  in.,1  Jin.,  1  ^in.,  and  2in.  gas  thread  on  the 
seating. 


"IMPROVED   VALVE    SEATED"  for 

Lancashire,   Cornish,  and  Vertical  Boilers. 

SPECIAL  PLUGS  FOR  HIGH  PRESSURES.  AND  FOR  ALL 
CLASSES  OF  INTERNALLY-FIRED  BOILERS. 


ant)  General  ^neurance  do"  ILtt), 


Head  Office— ST.  MARY'S 

illustrated  Price  List  Post  Free. 
London  Officc — 60,  Queen  Victoria  Street. 


" IMPROVED  SCREW  CONE  LOCO." 
FUSIBLE  PLUG. 

For  Boilers  of  the  Locomotive  Type,  screwed 
1  in.,  1  ^in.,  &  1  Ain.  gas  thread  on  the  seating. 


COMPARED  WITH  ORDINARY  PAINTS:  — 

3  TIMES  THE  COVERING  CAPACITY. 

4  TIMES  THE  LIFE.   Dries  Quickly. 

IMMEDIATE  DELIVERY 

EX  OWN   STORES  AT   EACH    INDUSTRIAL  CENTRE. 

Telegrams—"  BITUMASTIC."      Evhkv  Office  on  the  Telephone. 


Steam  Turbines  and 
Turbo -Compressors. 


A  Treatise  on  their  Design  and  Construction, 
by  Frank  Foster,  M.Sc.  466  pp.  and  250  illus. 
Demy  8vo.    Price  10s.  6d.    Post  free  10s.  lid. 

Contents. 

DL'scriptions  of  Turbines — Steam  Nozzles —— Disc  Friction —— Blades —— Rotors— 
Governing  —Bearings —— Gyroscopic  Action ― Deflection  of  Discs ~ Critical 
Velocity  —  Balancing —— Condensers —— Steam  Turbine  Performance — Marine 
Turbines 一 Turbo-Compressors ― Gas  Turbines ― Diagrams  and  Calculations ~ - 
Couatructiou  —Miscellaneous ― History,  with  an  Appendix  of  Uselul  Tables. 

Press  Opinions. 

" Tilt'  hook  fills  a  w.iiit  which  all  those  who  are  interested  in  the  subject  of  steam  turbines  should 
lie  fjratrtui  to  sec  supplicil.    It  contains  some  valuable  original  contributions  to  the  literature  of  the 

buljjcct." ―- Engineering  News. 

" — n 丄 work  is  a  stop  in  the  right  direction.  Tlie  iiicch;inics  and  construction  of  the  steam  turbine 
lire  ccmsidcred  at  con"'lrr, 山 I''  】(-'iigtli  and  (iiiUr  jnMct h  , Ih'.  \Vc  can  reconitnc'iid  the  book  as  an 
.itteiapt  to  place  the  stcmi  tiirhiiic  properly  bt'l' >yv  iikm  li.iiin  mI  engineers.  Considering  the  amount 
of  original  work  ia  it,  lUv  book  is  dicap." — Machinist. 

" The  descriptive  and  historical  sections  of  the  book  are  comparatively  brief,  and  on  the  whole 
well  execute  1  and  illustratetl  ,  the  sections  dealing  with  *  the  design  of  details '  are  relatively  full, 
practical  in  form,  and  suited  to  the  ruquireinents  of  iiumi  fiig.igud  in  the  work  of  designing  steam 
turbines.    The  scheme  of  the  book  is  good."- ~ Times  Engineenni;  Supplement. 

" The  book  is  not  merely  a  popular  description  of  existing  rnachiiR's,  but  takes  the  subject  up  in 
iinon-sense  sort  of  way,  giving  a  great  many  practical  details  which  affect  the  efficiency.  The 
appears  to  be  well  worthy  of  careful  consideration." ― International  Marine  Engineering. 


The  Scientific  Publishing  Company,  53,  New  Bailey 
Street,  Manchester,  England. 


TESTING  AND  STRENGTH  OF  MATERIALS  OF  CONSTRUCTION. 


A  Treatise  on  the  Methods  and  Machines  used  in  the 


mechanical  testing  of  Materials  of  Construction. 

Price  Ws 醫 Wd.  Post  Free. 


g         By  W.  G.  POPPLEWELL, 

M.Sc.  Ahoc.  M.lDtt.  G.E. 
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The  Watch  with  a  Record 


See  Testimonials  below. 


Non^  Magnetic. 

Chronograph  Action, 

Full  Jewelled. 
Super  Finished. 


In  Steel  Oxydised  Case. 


In  Solid  Silver  Case. 


In  solid  I8-ct.  Gold  Case. 


Fitted  with  Railway  Speed  Dial,  4/,  extra. 
Delivered  free  and  packed  in  neat  velvet-lined 


case. 


The  Works  are  the  same  in  all 
our  Watches. 

We  only  supply  one  quality ― 

The  Best. 

The    Mechanical  Engineer  "  Non-magneticXKeyless  Lever  Chronograph. 

USERS  ARE  UNANIMOUS  IN  THEIR  VERDICT 


Mb.  a.  p.  Chattock,  University  College,  Bristol, 
says ― 

In  enclosing  order  for  two  more  of  your 
chronographs  for  use  in  my  laboratory,  I  have 
pleasure  in  informing  you  that  the  one  you 
- " me  with  a  few  years  ago  has  gone 
ever  since. 


Mb.  G.  H.  Beresford,  East  London  Water  Works 
Co.,  says— 

We  purchased,  some  time  back,  two  of  your 
watches.    I  enclose  cheque  for  another. 


Mb.  R.  Moberly,  Carlisle,  says- 
Enclosed  find  cheque    for  the  watch  sent  me. 
This  is  th (？  fifth  watch  of  your  ''ype  sold  on 
my  pecommendation,  so  yoh  may  judge  if 
the  same  has  proved  satisfactory. 


Mr.  F.  Mklhuish.  of  the  South wark  Water  Co., 
London,  eays ― 
In  order  to  test  the  non -magnetic  qualities  of  your 
watch,  I  placed  it  upon  the  pole  of  a  dynamo 
whinb  was  runninti  and  giving  out  130  amps,  at 
】00  \o  '«s-,  with  the  result  that  it  did  not  interfere 
with  the  yoing  of  the  watch  or  altering  its  time- 
keeping qualities,  which  is  without  doubt 
very  satisfactory. 


Mr.  C.  Manuel,  London,  says— 

I  received  the  watch  which  is  a  marvel.  I  have 
timed  it  against  a  very  expensive  chronograph,  and 
And  it  dead  accurate,  so  I  shall  have  no  fear 
of  relying  on  it  for  tests. 


Mr.  J.  P.  Hooper,  London.  says- 
Some  time  back  I  bought  one  of  your  watches. 
This  has  kept  good  time  and  I  now  wish  to 
buy  TWO  MORE  like  it. 


Mb.  E.  Walker.  Sparkbrook,  Birmii  gham,  says— 

The  watch  I  had  from  you  will  stand  against 
any  current.  The  other  wa tch  I  obtained  from  you 
for  a  friend  also  goes  splendidly,  an (？  be  is  delighted 
with  it.  I  shall  always  recomnieua  it.  A  better 
timekeeper  I  never  had.  I  constantly  wear 
yours,  at  63/-,  before  my  English  lever 
which  cost  £8  10s.,  and  which  is  no 
good  to  a  man  in  electrical  work. 


Scores  of  others  can  be  inspected  at  our  offices. 

The  Scientific  Publishing  Co"  SMSanSeBrSaSnt^ 
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